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LOI NOI PAU

Bom, mdy nén, quat la nhitng mdy rdt quan trong va co ung dung
rong rdi dé van chuyén nguyén liéu va ndng ligng trong cdc hé thong cong
nghé. Khong 6 bom, quat va mdy nén chic chdn sé khong thue hién dudc
cde qud trinh lién tuc dé sdn xudt ra nhitng sqn phdm can thiét nhu: soi
héa hoc, thic an téng hop, xa phong, phdn dam, son, xang, ddu; cdc
nguyén liéu quan trong cho cong nghiép ché tao mdy nhu sit thép, kim
logi mau; cde thudc quan trong nhit khdng sinh; cde v@t liéu xGy dung cén
thist nhu ximéng v.v... Vin dé thong gic, thdi cdc khi thdi, dich thdi nhim
béo vé tot moi trudng lao dong trong bat cit nha mdy nao cing phdi can
tdi bom, quat. Dong thoi cde qud trinh diéu khién hién dai ngay nay cung
khéng thé thiéu ditde mdy nén...

Sy hoat déng ctia bom, quat, mdy nén ¢6 Gnh huwong lon dén hoat
dong cua toan bd day chuyén cong nghé, dén moi truong, dén qud trinh
didu khién, dén ning sudt clia mdy va gid thanh san phdm. Chinh vi v@y
viéc hiéu biét va ném vitng nguyén ly lam viée, cdu tao, tinh toan, thiét ké,
sta chita, ldp ghép va vdn hanh cdc may bom, quat, mdy nén la hét sue
can thiét.

D6 trao d6i vi cung cp nhiing kién thic vé cde vdn dé trén, chung toi
bién soan cudn sdch nay.

Sdch c6 noi dung phit hop vdi cde ky su, cdn bo ky thugt cong tdc tai
cde nha mdy, xi nghiép, cdc vién nghién ciu va thiét ké thuée cde nganh
cong nghé c6 lién quan tdi bom, quat, mdy nén. Déng thoi sdch con ¢6 thé
diing lam tai liéu tham khdo cho sinh vién, hoc sinh d cdc truong dai hoc,
trung hoc chuyén nghiép.

Do khuén khé cubn sdch cd han, nén trong qud trinh bién soan va
trinh bay khong thé tranh khoi cdc thiéu sét. Chung toi mong nhdn duge
cde ¥ kién déng gop cta ban doc dé 1én xudt ban sau duoc 6t hon.
Xin chan thanh cém on moi y kién xdy dung cho cuén sdch nay.

Tac gia



Chuong 1
BOM

| 1. KHAI NIEM CHUNG VE BOM

Tir thoi ¢6 xua ngudi ta dd ding cdc mdy don gian dé van chuyén, chi yéu la dua
nudc lén cao nhu con quay, gdu mic, vit dcximét, xe dap nudc ... Dac diém ciia céc loai
nay 12 van chuyén chat long dudi dp suit thudng. Nguoc lai bom van chuyén chat long
dudi dp sudt du. Cung véi céc loai mdy mic, @ thoi ¢6 ciing xudt hién loai bom pittong
don gian nhat. Song do khong ché tao duge céc xilanh va pittong cé chat lugng cén thiét,
nén da khong duoc Gng dung rong rdi trong nhiéu the ky sau nay. Tat cd cdc co cau nay
thudng dugc truyén dong bing sic ngudi hoac dong vat, ciing c6 khi quay bang sic
nude cua song hoac kénh.

Chi sau khi phdt minh ra may hoi nude thi bom pittdong méi dugc dng dung rong ré,
dac biét 12 vio th€ ky 19 luc ma céc loai bom tic dung truc ti€p da duge hoan thicn.

Dén cudi thé ky 17 bom ly tam ciing da xuét hién, song do chua hoan thi¢n vé cau
tao, hiéu suat lai thap nén trong mot thoi gian dai khong canh tranh ndi vai bom pitidng.
Giita thé ky 18 vién si Euler da hoan thién 1y thuyét dong cdc mdy ly tam, nho d6 da
thiét k& duge cac bom ly tim c6 hiéu suét cao. Nhung chi tir dau th¢ ky 20 khi cdc dong
¢o quay nhanh xudt hién (dong co dién, tude bin hoi) thi bom ly tam mdi dugc cai tién
nhanh chéng va ing dung rong rai.

Céc bom hién nay la nhimg mady rét hién dai, ¢6 thé vian chuyen t6i hang van mét
khoi chat 16ng trong mot gid, cong suat tieu thu c6 the tét hang nghin kiloodt (kW).

1.1.1. Ung dung ctia bom trong cong nghiép

Bom duoge ing dung rong rii trong cdc nganh cong nghiép: hoa chat, thye pham,
cong nghiép nhe, cong nghiép dién, co khi, moé v.v.. dé van chuyén chat léng theo
duding 6ng trong nhitng trudng hop cdn cung ap sudt cho chit long 1én cao, dé thang trd
luc trén dudmg Ong dan vi doi khi d¢ thang hiéu s6 4p sudt & hai ddu dudng ong dan.
Mudn nang 4p sudt cda chat 1ong, bom cdn phéi cung nang lugng cho nd, nang fugng
dé6 14y tir dong co dien hodc tix cdc ngudn dong luc khac. Nhu vay bom la mot mdy thu
ndnyg hrong.

Vai trd clla bom trong cac hé thong thiét bj cong nghé vo cung quan trong. O day
bom cdn phai lam viéc tot, khong gay va dap, tiéng dong trong duong ong va trong thiét
bi, déng thdi phai tiéu hao nang luong ding mic. Thuc € da ching minh rang: chon
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ddng loai bom cho cac diéu kien 1am viéc v moi trudmg cu thé, dat bom diing, stra chira
vi str dung ding quy cdch thi bom s¢ lam viéc binh thudng, khong co6 va dong. Khi chon
bom cdn chi ¥ 61 cdc diéu kién lam viéc chia bom: nhigt g, tinh chat hoa, 1y cha chat
1ong can van chuyén. Dong thoi phai can cif vao céc thong 56 co ban clia bom: luu luong
(nang suat), ap lyc, cong sudt, hiéu suat va h¢ s6 quay phanh. C6 thoa mén véi nhimg
diéu kién trén thi bom méi cd thé 1am viéc thich hop trong bhé thong thiét bi cong ngheé.

1.1.2. Phan loai bom

Theo nguyén [y lam viéc, bom dugc chia ra hai loai: bom thé tich vi bom dong hoc.

Bosn thé tich hat va ddy chat long ra khoi bom do thay déi thé tich cua khong gian
[am viéc nhd mot bo phan chuyén déng tinh tién (pittong) hoac quay (roto), do d6 the
nang va ap sudt cla chit 16ng tang lén. Loai nay gbm c¢6 bom pitiong, bom réto (bom
rang khia, bom cénh trugt, bom truc vit).

Bom dong hoc hit va ddy, nhu vay la lam ting ap suat chdt long do cung cap dong
lugng nhds va dap cla cac canh (bom ly tam, bom huéng truc) hoac nhd ma st clia 1ac
nhan 1am viéc (bom xody 16c, bom tia, bom chan dong, bom vit xo4n, bom suc khi, bom
luéng). hoac nhd tic dung cha trudng dién tir (bom dién tir) hoac céc trudng luc khéc.

1.1.3. Céc thong sé co ban cua bom

1. Nang sudt (lru lugng) cla bom 1a thé tich chat long ma bom cung cap vao Ong
diy trong mot don vi thdi gian. Luu luong dugc ky hiéu 1a Q va thudng do bing m®/s,
Ifs, m’/h. '

2. Chiéu cao dp luc hay dp luc cfia bom 12 luong ting nang lugng riéng ctia chét 16ng
khi di tir miéng hit dén miéng ddy cha bom va thuong duge tinh bang mét cot chat long
(doi khi ciing tinh bang mét ct nude) va duge ky hiéu 1a H. Ap Iuc clia bom dung de
khic. phuc chiéu cao nang (hinh hoc) H; =z, +7, . hiéu s& 4p suat § hai ddu dudng ong

P2 7P 4 luc thiy luc trong ong hit > hy, va trong dng ddy D hy . higu s ap sual
(424

r2__ 2
V27 V1 (hinh 1.1):
2g

dong hoc (dong nang) giita phia ddy va phia hut

_ F?.__ 2
H:zl+zz+p2pgp' +thh+2hm+‘22g"‘ (1-1)

trong do:
z, - chiéu cao hit, m;
z, - chiéu cao diy, m;
p, va p; - ap sudt d thing chifa phia ddy va & thiing chita phia hut, N/m? ;
p - khéi luong riéng ctia chit long, ]n(g/m3 : '



g - gia t8c trong truong, m/s.2 :
v,,V, - van tc chat Iong & thing diy va thing hit, m/s;
> hy, - tr& luc thiy lyc trong 6ng hit:

2.h ﬁ{ﬂiéh} (1-2)

h = 2g d]

> hy - trd lyc thiy luc trong 6ng day:
2
Vi Ayl
Zhldzi[ 22+2§d] (1_3)
2gl d,

v,.V, - van t6c chat long trong 6ng hiit va trong 6ng day, m/s;
A, h, - he 56 trd luc ma sét trong ong hit va ddy;

,,1, - chiéu dai &ng hut va chiéu dai 6ng ddy, m; -

d,,d, - dudng kinh Sng hiit va dudng kinh 6ng day, m;

S'g, va SE, - téng hé s6 trd luc cuc b trong ng hiit va ddy.

3. Cong sudt ciia bom 1 cong sudt tiéu hao dé tao ra luu lugng Q va chiéu cao dp lyc
H va duge xdc dinh theo cong thic:

Nzﬂzlo‘“(?ﬂ], kW | (1-4)
n n o :
4. Hiéu suat 12 ti s6 giita cong sudt c6 ich N; va cong suat bom N:
Ni
nzi_:ntnvnc (1'5)

trong do:

7, - hiéu suat thiy luc, tinh t6i su mat mét ning lugng do ma st trong ndi bo bom:

o H .
" Hen, ]
W, - hiéu suat thé tich, tinh t6i sy mét mat ' (—1-=—
niang luong do mot phan chat long chay ngugc tu
phia ddy vé phia hit trong ndi b bom: "
s
R |
Qrae O
1, - hi¢u suat co khi, ké t6i t6n hao ning N 5
luong dé khic phuc ma st trong cic co cdu cla =
bom nhu & & bi clia hop dém va bé mat ngoai cla
gudng dong vdi chat 1ong (& bom ly tam): Hinh 1.1



h, - trd luc thuy luc clia bom, m;

AQ - luong chdt long chay ngugce lai trong bom, m?'/s;

AN - cong suat dé khic phuc ma sét ¢ hoc trong bom, kW ;
N, - cong suft chi thi, kW .

vl

Hiéu suat thé tich cho biét ti s6 gifta luu luong thuc t& va luu lugng 1y thuyet. Hi¢u
suat thiy luc n6i 1én su khdc nhau gifta chiéu cao 4p luc thyc v chiéu cao dp luc 1y
thuyét ctia bom. Hiéu suat co khi chi ra sy sai khdc gifta cong suat chi thi va cong suat
bom. Hiéu sudt chung cho biét su sai khdc gilta cong sudt cé ich va cong suit can thiét
dé bom tao ra nang sudt va chiéu cao dp luc thyc 1€ Gid ui cia hiéu suat chung phy
thude vao cdu tao clia bom, vao chilt lugng ché tao, vao mifc do mon va vao diéu kién
van hanh. Hién nay ngudi ta di ché tao duge cdc bom pittong véi n=0,60—-0,92; cac
bom ly tam véi n = 0,68 — 0,90 cdc bom hudng truc véi 1 =0,70-0,85. Bom cang lon
thi hiéu sual chung cang cao.

5. He s§ quay nhanh clia bom la s6 vdong quay chia bom méu tde dung don, mot cap
déng dang hinh hoc v&i nd va ¢6 dp luc Hy, =1m, nang sudt Q) =0,075 mg/s. Nhu
vay hé s6 quay nhanh duge xic dinh theo cong thic:

n, :%%‘Sﬁ, ve/ph (1-6)
trong do:
n - $0 vong quay ctia bom, vg/ph:
Q - niang suat cia bom, m?'/s;
H - chiéu cao dp luc cua bom, m.
Dua vao hé s§ quay nhanh tinh theo cong thic (1-6) ta ¢ thé chon dugc loai bom
thich hgp (bang 1.1):

Bang 1.1
Loal bom n,, vg/ph “
Bom pitiéng va roto bén 50
Bom ly tam 50 + 300
Bom hudng chéo 300 + 500
Bom hudng truc 500+ 1200

1.2. BOM THE TICH

Bom thé tich c¢é mot s6 dac diém nhu sau:

1. Ong hit ludn luén ngin cich véi 6ng ddy, chat 1ong duge ddy cuting bic vao 6ng day.



2. Luu luong chit 16ng khong déu va hiu nhu khong phu thuge vao dp sust ciia bom.
3. Bom mot cdp ¢6 thé sinh ra 4p luc bat ky n€u c6 di do bén va cong suat.

1.2.1. Bom pittong

Ngudi ta phan loai bom pittong theo nhiéu cach. Theo truyén doéng c6 thé chia ra:
bom truyén dong duge dong co din déng qua co cau thanh truyén tay quay; bom truc
tiep dugc dan dong truc ti€p biang mdy hoi; bom tay. Theo s6 ldn tic dung ¢6 thé chia ra:
bom tdc dung don; bom tdc dung kép; bom tdc dung ba: bom tic dung nhiéu lan; bom vi
sai. Theo cdu tao cta pittong cé thé chia ra: bom pittong dia; bom pitténg tru (bom
pléngdo); bom pitténg thing; bom céch mang. Theo vi tri cha xilanh ¢é thé chia ra:
bom thing ditng; bom nam ngang, bom nghiéng. Theo dp suat chia bom ¢6 the chia
ra: bom thdp dp (p <10at); bom trung dp (p=10-20at); bom cao ap (p > 20at).
Theo ning sudt ¢6: bom nhé (Q<15m3/h); bom vira (Q=15—60m3/h); bom 16n
(Q>60m*/h).

1.2.1.1. Nguyén téic lam viéc

I. Bom tic dung don: & hinh 1.2a la so d6 cia bom pitténg tic dung don. Khi
pittong 5 chuyén dich tir diém dimg (hodc diém chét) trdi (bi€u dién bing dudng cham
gach AA) sang di¢m dimg phai (bidu dién bang dudng cham gach BB) thi khong gian
phia tréi pittong sé tao chan khong. Do vay xupdp hit /7 s& dugc néng 1én (do dp suat
bén ngoai la 4p sudt khi quyén) va nuée di vio xilanh theo ong hit 10. Khi pittong
chuyén dong ngugc lai thi xupdp hit déng lai, xupdp ddy 9 dugc nang lén va nude duge
cung cap vao ong diy 8. O day xilanh nam ngang nén bom ¢6 tén I bom tadc dung don
nam ngang.

O hinh 1.2b 12 50 d6 clia bom plongdo thang diing tic dung don. Plongdo khong tiép
Xtc vdi thanh xilanh ma truot trong hop dém bit kin, do vay viéc che tao dé dang hon.
Mat khéc hop dem dat & ngoai nén dé diang xem xét vi khic phuc su ¢ 1o 11 chat long.

G hinh 1.2¢ 1 bom pittong thing. Pittong / ¢6 mot hodc nhidu 16 thing d€ dat cdc
xupdp ddy 2. Khi pittong di lén xupdp day 2 tu déng lai do tic dung cla trong luong ban
than va dp suat trong Sng ddy. Déng thoi xupdp hiit 3 m& ra do chan khong nén nuée di
vao xilanh. Khi pittong Xudng, xupdp hit 3 déng lai va xupdp diy 2 md ra, nuée di qua
dé sang. Loai bom nay ding dé bom & giéng sau.

O hinh 1.2d 1a bom cach mang tic dung don. Xilanh / cfa bom ngan cich véi hop
Xupap 3 bing mang ngan 2. Loai bom nay ding dé van chuyén chat léng ¢6 téc dung
pha hoai xilanh va pitténg nhu axit ... Mang thuong 1am bing cao su hodc thép. Hop
Xupdp va xupdp duoc phil I6p bao vé hoac che tao bing cdc vat liéu bén véi chit long
duoc van chuyén.

2. Bom tdc dung kép: & bom tic dung kép, hai mat cha pittong déu 13 mat 1am viec.
Trong mét vong quay ciia truc, bom thuc hién hai lan hat va hai 1an day. Nhu vay I3 phaj
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c6 hai xupdp hiit va hai xupap day. O hinh 1.2d 1a so dé cia bom pittong dia tic dung
kép. Khi pittong / di sang phia phdi thi xupdp hat 2 va xupdp ddy 4 md ra, con Xupip
hdt 3 va xupap day 5 déng lai. Nhu vay la phén trdi hit va phan phai ddy. Khi pittong di
sang trdi s& c6 hién tuong nguoc lai. J day ta khong kiém tra dugc do bit kin cua pittong
va kh6 khic phuc dugc hién tugng ro ri cua chat 1ong tir phan nay qua phén kia cua
xilanh. Nhimg nhuoc diém nay khong c6 & bom plongdo (pittong tru) tic dung kép (hinh
1.2g). Xilanh clia loai bom nay dugc chia lam hai phan c6 cac hop dém bit kin dé dé
quan sat va dé diéu chinh, nhung thé tich 1am viéc cta xilanh bi giam bét. Do d6 mudn
¢6 duoc luu luong cin thiét thi phai kéo dai xilanh. D61 khi nguoi ta lam xilanh lién va
ngan cdch hai phan bang dém bit kin (hinh 1.2h), nhung ¢ day ctung khong theo doi
duoc do bit kin clia plongdo trong qud trinh lam viéc.

]

Hinh 1.2
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Bom vi sai (hinh 1.2¢) khi hit giéng nhu bom tac dung don, con khi day thi giéng
bom tic dung kép. Loai bom nay ¢6 lwu luong déng déu hon bom tdc dung don va it
xupdp hon bom tac dung kép. _

3. Bom tdc dung ba: bom téc dung ba gém ba bom tdc dung don c6 chung ong hiit
va ng ddy. Tay quay clia cdc bom dat lech nhau mét gée 120°, do dd luu lugng cia
bom déng déu hon vi khong c6 thoi diém nao bom ngimg cung cap chit léng vao ong
ddy. Do su phan phdi luc trong mot vong quay khd dong déu nén kich thudc cha vo
lang nho hon.

4. Bom tac dung bon: bom nay gém hai bom téc dung kép c6 tay quay dat l¢ch
nhau 90°. Luu luong cta bom nay dong déu hon so vdi bom téc dung kép nhung lai kém
bom tac dung ba.

1.2.1.2. Luu luong cua bom

1. Luu lugng 1y thuyét: cong thiic chung dé xdc dinb luu lugng 1y thuy€t ctia bom a:
0:% iy), m'/s (1-7)
trong dé:
F - dién tich pittong, m”;
S - khoang chay cla pittong, m;
n - s6 vong quay ciia bom (s6 1an di lai cla pittong, vg/ph);
1 - $6 lan tdc dung cta bom;
y - thira s6 ké t6i anh hudng cia cin. D8i v6i bom cé s6 lan tic dung 1€ w =1,
2F -f

véi bom c6 s6 1dn tac dung chan: y = TR

f - dién tich cdn pittong, m?.
Dé dat dugc do déng déu 1én nhat vé luu lugng trong Sng ddy thi bom vi sai cdn ¢6
quan hé F = 2f , nghia la dién tich pittong bang hai lin di¢n tich can.

2. Luu lwong thuc t€: do mot s6 nguyén nhan nén luu lugng thuc t€ clia bom nhé
hon luu luong 1y thuyét va duge xéc dinh theo cong thic:

. {FSn)
Q=nQ, =Tlvlllf[——n , m's (1-8)
60
Hiéu sudt thé tich n, phu thudc vao cic y&u 16 sau:

a) Toc do quay: nhitng bom quay nhanh cé hi¢u suat thé tich 1én hon vi khi khong
kip tach ra khoi nudc khi di qua bom va nhur vay khéng tao ra cdc tiii khong khi;

'b) Chit lugng 1ap ghép va bao dudng khi van hanh: néu 1ap ghép 16t, bio dudng céan
than thi s& it rd ri va nhu vay hiéu suat thé tich cao hon;
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¢) Tinh chét cha cdc chat 1éng dugc van chuyén: néu chat 1ong ban hoic chat long
néng sé lam gidm hiéu suét thé tich vi xilanh va pittéong bi mon h& hodc vi tao ra cdc
il hoi;

d) Cung cap chat long hoic tiéu thu chat 1ong khong déu ciing s¢ lam anh hudng (6i
hiéu suat thé tich.

Do d6 khong thé quy dinh mét gid tri nhét dinh cho 7, . Tuy theo diéu Kién cu thé
c6 1ay n, =0,8-0,98. Véi cdc bom nuéc loai I6n m, =0,97-0,98; loai via
N, =0,9-0,95; loai nhd 1, =0,85-0,9.

Néu lwu lugng clia bom gidm nghia 1a hiéu sudt thé tich m, gidm thi thudng do cac
nguyén nhan:

a) Do xupdp hiit déng khong kip thoi nén chat 1éng da vao xilanh lai rd vao dutng
ong hiit. Xupap ddy mé khong kip thoi ciing ¢6 hién tugng nhu vay;

b) Do s6 ldn di lai (s6 vong quay clia bom) va cac kich thude cta xupap khong phu
hop nén chat 1éng khong chi€ém hét khong gian do pitiong quét;

¢) Xupdp hiit mé& khong kip thoi & qud trinh hiit nén qud trinh hit khong xay ra trén
toan bo khodng chay ciia pittong. Xupdp ddy déng khong kip thdi nén chat long da vao
éng day lai quay trd vé xilanh;

d) Xupép, pittong, hop dém vd méi ghép bit khong kin, éng hiit va ong ddy
khong kin;

d) Xupdp bi ket ban, xupdp ti€p nhan bi tac;

e) Xilanh tich liiy khi hoac hoi (tao thanh tdi hoi), nén qua trinh hut chi xdy ra khi
khi hoac hoi di dan t6i dp sudt hiit.

Dé khéc phuc ba nguyén nhan ddu tién can tinh todn lai c4c chi ti¢t clia xupap va dat
ding 14i trong cha ching. Mudn khic phuc nguyén nhén thit ba va thir wr cén lap ghép
cdn than, thudng xuyén lau chiii, stta chita. Nguyén nhan cudi cling la do két cau xilanh
bom khong diing, vi vay khi thiét k& bom cdn phai chd ¥ chon hinh dang va vi tri xilanh
sao cho khong khi va hoi tich ra khoi chat 16ng khong tao thanh cdc béng khi hoac hoi &
diém dimg cla pittong ma duge dua ra khoi xilanh. $ nhiéu bom con can ¢6 van X
khong khi dit & vi tri cha xilanh sau diém dimg vé phia xupdp.

3. Didu chinh luu lugng clia bom: luu lugng cha bom c6 thé diéu chinh duoc bang
cdch thay ddi: sG vdng quay, khoang chay, dién tich pittdng tru hodc cho héi luu ted lai.
Thay déi s6 vong quay bing cich dicu chinh s& vong quay cla dong co hodc ctia hop
bién 16c, thay déi khodng chay nhd thay d6i bdn kinh tay quay.

1.2.1.3. Quy ludt chuyén dong cua pittong

Trong mot vong quay pittong di qua mot doan duong la 23 va sau n vong quay no s
di duge doan dudng 2Sn. Nhu vay van tc trung binh cua pittong la:
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2Sn  Sn
vV, =——=—, m/s 1-9)
©=50 30" ™ (
Néu pittong dugc truyén dong nhd co cdu thanh truyén tay quay (hinh 1.3a) thi van
toc pittong s lién tuc bién déi tir 0 & cdc diém chét t6i cuc dai & diém giita. Diéu nay
anh huong chu yéu t6i su lam viéc cua bom va 12 nguyén nhan lam phc tap hoat dong
cua hé thong (tram) bom.

Néu coi rang thanh truyén (bién) c6 chiéu dai rat 16n so vdi tay quay thi doan duong
di x cua pittong bang hinh chi€u clia cung vach ra bdi tay quay trén phuong truc bom:

x=r(l=cosp) = (1-10) 0f 4

Van t6c cua pittong duogc xdc : : o = QIS
dinh theo cong thuc:

\::g—zmrsimp (I-11) y VMA
dt i o

S . 8 w2 n
Gia toc cua pittong la: _av
Q dt 2 n
dv ). i 0 @
a=—=oTsing (1-12)
dt A N N |
i MBUD V8) % \ AN
trong do: o- van toc goc, rad/s. ¢ N\ Qu o
L, 2
. m b) 0 bay ___L1 Hut ___In
Taco m=— ! ™
Q.Il
Can c vao (1-11) va (1-12) ST N A \
ta v& dugc cac do thi mo ta dong {M f N/ 'Q
: ‘ : : \ \ §
hoc pittong dang sin va cosin T ¢
S : 0 2n
(hinh 1.3a). R& rang v_, . =or 2 | Béytuxl, | Bytuxt, |
. #C 00 50 g ) ! 5D | '
khl(PIE Vi sin Ezl.\’antéc Q4
] = i I
trung binh v . Nhu /b‘% A Q
=—=- b
7307 15 [T\ \ : \ ek
; d) Déy tur x b S
vay Vmax :% %23:1,57' [|_ ! Ll, !‘Déytuxfz |
Vib [ Day tir xl,
Néu biéu dién van téc va gia toc Q,
theo quang duong di x cua Q. S N - -
pittong, thi co: Nt Th ,—«y,—a\(k
: &"\\ ] >< . ™N /| \ Q,
o 2x X Y oo
V== 0 Ddytuxs, ™ 2n

I Cip d) DAy tir xi,
xl, | Pdy ll; xl, | Daytrxi,
T

-
-

Hinh 1.3



Néu chiéu dai thanh truyén ¢6 han thi:

2 .
V=0 rsin(piﬂ
21
a= mzr(cosq)i rco;Zcp]

Déu + d6i v6i vi tri cha pittong khi ngdng truc quay & giifa xilanh v truc tay quay.
Thudng §= 0,2, vi vay gid tri cha gia 16c G cac diém chét tinh theo cong thic (1-12)
phai nhan véi mot he s6 diéu chinh la 1,2 va 0.8 V@i van toc thi he s diéu chinh ¢6 gia

tri cue dai khi @ = —E; con khi van t6¢ cuc dai, hé s6 diéu chinh biang khong.

1.2.1.4. D6 thi cung cdp (dé thi heu lwong)

Luu lugng tirc thoi ciia bom béng tich s6 cha vin toc tic théi va dién tich pittong.
Dién tich pittong khong d6i ma van t6c bién déi theo quy luat hinh sin nén lun lugng
cling bién déi theo quy luat hinh sin:

Q, =vF=wrFsing, m3/s (1-13)

Nhu vay luu lugng clia bom bién déi theo géc quay ¢ cua tay quay hoac theo thon
gian. Ti s6 gitfa luu luong 16n nhat va luu luong trung binh 1a mic d6 khong déu cua lhau
luong va duoge ky hiéu la m:

(1-14)

D6 thi cung cip cta bom tic dung don (hinh 1.3b) duoc xay dung theo cong thic
(1-13). D6 thi cung cap cha bom tic dung kép hai pittong va hai tay quay dat 1éch nhau
mot goc 180° biéu dién & hinh 1.3c. DS thi cung cdp ciia bom tac dung ba c6 ba tay quay
dat léch nhau 120° (hinh 1.3d) chinh la tdng clia ba d6 thi cung cip clia bom téc dung don
dat lech nhau 120°. D6 thi cung cdp cua bom tic dung bén (hinh 1.3d) 12 tdng hai d6 thi
cung cip ctia bom tac dung kép dat léch v&i nhau mt goc 90° theo truc hoanh.

Miic do khong déng déu cia cdc bom duge gidi thigu & bang 1.2. Néi chung s6 lan tdc
dung cang 1n thi miic 46 khong déu cang nho. Dé lam luu lugng déu hon phai dat bau khi.

Bang 1.2
Loai bom Miic do khong déng déu m

Téac dung don 3.14

Tac dung kép 1,57

Tdc dung ba 1,047

T4c dung bdn 1,11

Tic dung ndm 1,016

Vi sai 3,14va 1,57
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1.2.1.5. Ap sudt trong xilanh bom khi hiit va khi ddy

Ap sudt trong xilanh bom bign déi trong sudt hinh trinh cla pitténg. PG 1a do su
bién déi cha van téc trong cac 6ng din cling nhu trong xilanh. Néu dién tich 6ng dén
bing dién tich pittong thi van t6c va gia téc chia chat long trong Gng ciing bing van t6c
va gia 6c cla pittong. Néi chung cac di¢n tich ndy khong bang nhau, nén vén t6c va gia

- - q * = - - F . - b + l r - *a
toc chat long trong 6ng dan sé gap A Ian van 8¢ va gia tdc pittong (trong dé f, - dién
i)
tich 6ng dan; F - dién tich pitténg). Nhu vay quy luat bién déi van t8c va gia téc chia chat
l6ng trong 6ng ciing ¢6 dang hinh sin. Vian t6c chat 16ng trong 6ng s& bién déi tir O khi

x=0dén v, . = For khi x = r va 161 0 khi x = 2r. Gia téc chit léng trong Gng bién ddi
dv Fo’r , . Fo'r
_dtl a, = khix =0dén O khix =r vatsi —

0 4]

tr khi x = 2r.

Do su bién déi cta van ¢ nén 4p luc van téc trong Ong s& bi€n ddi va cdc tros luc
thiy lyc ciing bién déi. Déng thai luc quén tinh s& tdc dung vao cot chat 16ng. Chuyén
dong cua chat long s& khéng n dinh. Nhiing di€u nay s& 4nh huéng t6i ap sudt chat long
g trude pittong.

1. Ap suét clia bom trong giai doan hdt (hinh 1.4a): hiéu s6 chié.u cao &p sudt trong
P1 — Py

P8
thuong 1a dp suat khi quyén; p, - dp sust trong xilanh & giai doan hiit) dung dé khic

gial doan hit

tinh bang mét cot chat long (trong dé: p; - 4p sudt bén ngoai,

phuc chiéu cao hiit tir muc nude t6i bom: dua chat 16ng 1én d¢ cao x trong xilanh néu
Xilanh nam théng diing; cung cho chat léng van téc bang van t6¢ trong xilanh; thing tro
lyc thiy lye 3" h, ; thang tré& luc quan tinh h, va khac phuc tr& luc xupdp hat X, .

C6 nghia la:
2
Pi—P v
—E—h—=zl+x+ag-+2hm+hc+xl (1-15)
R ‘!2
Tong ciia thanh phan phu thuéc vao vén toc 5—+ > h, c6 thé tinh nhu sau:
g
2 2 2 IR 2
v ve v A AU VSl A \
2 hy = T Y =t 7| S 2E == (1+ W)
2g 2g 2zl d, 2g  2gf7\ d, 2g

Luc qudn tinh téc dung len chat 16ng trong &ng hit [a;

2
P = LipFo r[l_i)
£ r

0
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Hinh 1.4

Chiéu cao 4p luc qudn tinh tuong mg la:

P ?
ML M(I_E]
pgfﬁ g r

trong dé: L, =/, [——) _ chidu dai tuong duong cua ong hut, m.
0t
Ciing tinh tuong wta <& c6 chiéu cao p lyc qudn tinh tac dung vho chat fong trong

ey =20 [1 -1]
g r

&i luc quan tinh tdc dung vao chit long

xilanh:

Chiéu cao dp luc lrong tng v khi hut;
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=
I
=
+
=
I

2 2
=h +h: L,w r[l_iJ_an) r[l—i]
g r g r

2
Thay cédc gi4 tri cla %—+Z hy, va h, vio cong thiic (1-15) rdi bién ddi ta c6:
g

2 2
By _Bu_ (z, +x)+L,w r[l_i}Lxm r{l—i]wt
P2 PE 2 I 2 I

2 2
+92_f[2_"+3‘7}(1+w,)+x1} (1-16)
g

I r

Cong thic (1-16) ding dé xé4c dinh dp suat dudi pittdng trong giai doan hiit theo vi
tri cha pittong. Anh hudng ctia méi s6 hang trong cong thitc (1-16) 1én dp suat dudi

pittong duoc thé hién trén d6 thi (hinh 1.4b): duémg thang 1 biéu dién gid tri P, dudng
P8
, T s e Lio'r{ 0 x o g
thang 2 biéu dién z, +x; duong thang 3 biéu dién 1 -—|; duong thang 4 bicu
g r

2 2 2
dién 221 [l—i]; dudng cong 5 biéu dién g(z—x+x—](l+\}\4’1); dudng giy khic 6

g r 26l r r?

biéu dién X, va dudng cong 7 biéu dién gi4 tri P
Pg

Tir d6 thi cho thay: gi4 tri nho nhit cia Ph 13 & thei diém ban dau, vi lic nay phai
Pg
khic phuc qudn tinh cha chat 16ng trong Sng hut va clia xupap hiit. V& mat todn hoc ¢6

thé nhan duge M <0, nhung vé phuong dién vat 1y sé khong thé cho phép, vi nhu vay
Pe

¢6 nghia 1a chiéu cao dp luc tac dung bén ngoai P khong di dé dua chat 10ng 1én chiéu
PE

cao z, dé thing luc quén tinh va dé nang xupdp len... K&t qua 12 pittong va chét 1ong roi
khoi nhau. Khi pittong chuyén dong ti€p tuc dén lic gia t6c cla pittong va chat 1ong
giam di, chat 16ng di vao trong xilanh s& va dap vao pittdng gay ra hién tugng xam thuc
rat nguy hiém.

O diém giita (x = 1) pittdng c6 thé tich khéi déng chat 1ong néu trd luc dudng
huat 16n.

Khi pittong din téi diém chét thi 4p sudt cta chat 16ng tang lén vi pittong di cham
lai, con chat 16ng do qudn tinh ¢6 xu hudng chuyén déng véi van tdc cii.
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Sau khi tim cdc gid trl P tmg v6i x = 0, x =1 va x = 2r ta ¢6 kha nang xét sy lam
pe

viec diing dén cia bom. Néu mét trong hai gid tri dau Am, bom 1am viéc véi su dift cha
dong long khoi pittong & thoi diém tuong tng thi phai xét lai {4t ca cac s0 hang clia cong
thiic (1-16) va dimg lai & s6 hang nao lam giam ap sudt, r6i can cit vao dé dé tim bién
phép khic phuc. Ap suat am sinh ra la do t8ng cic s6 hang trong ngodc vuéng 16n, vi
vay cdn c6 bién phdp dé giam gid tri ndy. Nhing bi¢n phap niy bao gdm: gidm chicu
cao hit z,, gidm ¢ do vong quay n cua bom, giam ban kinh tay quay r (gidm khoang
chay), gidm chiéu dai 6ng hit (bing cich bo bdt cdc doan nam ngang nhu vay la giam
W,), ting dudng kinh ng hit (gidm W,), giam trg lyc cuc bo trén ong hit (nghia la
giam W,), gidm tai trong xupdp va dat bau khi.

2. Ap suit trong xilanh clia bom khi ddy: ap suét trong xilanh clia bom ¢ giai doan

da’iy (hinh 1.4¢) ding dé khic phuc ap suat & thiing chaa phia ddy P2 (duong théng 1 & hinh
Pg

1.4d); khiic phuc chiéu cao ddy z, — S+ x, néu bom nim ngang chi la z, (dudng 2 hinh
" 1.5d); khéc phuc luc quan tinh h, (dudng 3 va 4 hinh 1.4d); kbhic phuc trd luc thiy huc
> hy ; tao nén van t6c ra va khéc phue tr& lyc chia xupap ddy X, (dudng 6 ¢ hinh 1.4d).

Vi cach 1ap luan twong tu nhu trén s€ tim duge cong thiic xac dinh 4p sudt dudi pittdng
trong giai doan day:

2 —
p—‘j=-pi+(z2 —S+x)+ Lo r[l—ij-%(s x)wzr[l—§)+

PE P& g r g r

2.2 2 2

o1 (2Xx X F
+ 22 W, =1 1+X 1-17
2g [ I rZJ[ 2 _f2 } : ( )

0

trong do:

I F S . @ - 1
L, =2 - chiéu dai tuong duong cua ong day;
O

Anl ) ) . . »
W, = —§l+2§d - 16ng trd luc ma sdt vi cuc bo trén ong day;
2

S - khodng chay cua pittdong, S=2r.
Su bién d6i cia mbi s6 hang & cong thifc (1-17) theo do 191 x cha pittong dugc biéu

N
dién trén dé thi (hinh 1.4d). Dudng 3 biéu dién gié tri L [1—5]; dudng 4 bidu dién
g T

_ 22 2 2 ,,
5% mzr[l—ij;duangs bicu dién S| 22X || w,+ 1] va duong 7 biéu
g I 2¢ |l r 1 f,
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dién P4 Tir d8 thicho thay gi4 tri 2L 16n nhat khi x = 0 va nhé nhat khi x = 2r. Khi
Pg PE
x = 2r (vé phuong di¢n toan hoc) cé khé nang nhan dugce dp suat am, vé vat 1y cé nghia
1a dong chat 1ong rdi khoi pittong va s& gay ra va dap trong bom. Muén khic phuc hién
tuong nay phai nang cao dp suat Pe gx=2r bang cdc bién phdp dugce nit ra khi nghién
PE

ctru cong thitc (1-17). R rang 13 phdi tang cdc gid tri duong va giam cdc gid tri 4m & v&
phai cila cong thifc bang cdch: tang chiéu cao ddy, gidm cdc doan nim ngang clia ng
ddy (giam L, ) tang dudng kinh 6ng ddy (ciing 12 gidm L, ), giam s6 vong quay, gidam
bin kinh quay va dat bau khi (cling 12 dé gidm luc quén tinh).

Tuy theo diéu kién c6 thé thuc hién duge ma chon bién phap dé néu ra dé giam dugc
chiéu cao dp luc qudn tinh nham tranh dit doan dong chat long.

3. Ap suét dudi pitténg va dp sudt hoi clia chét 16ng: qua phén tich su bién doéi clia 4p
suat dudi pitidng trong giai doan hit v ddy da cho thiy khi xuat hi¢n gia tri 4m cia 4p
sudt thi ¢6 nghia 1a dong chat 16ng roi khoi pittong (vé phuong dién vat 1y). Thuc t€ su
Pn oy Pa dat dugc gid tri am. Néu dp suat dudi pittdng
P8 PE
thap hon ap suat hoi bao hoa clia chat 16ng & nhiét d6 ctia né thi chat long s€ bay hoi va
chiém toan bd khong gian trudc bé mit pittdng, nhu vay 12 dong chat 1ong rdi khoi
pittong.

diit doan dé xay ra trude khi

Ky hiéu h, 12 chiéu cao ap suat hoi bao hoa cha chat 1ong & nhiét do clia nd, thi diéu
kién dé tranh sy dit doan clia dong long la:

Phoop; Basp, (1-18)
pg pg

Trong diéu kién gidi han 2o =h,; P24 =p, (1-18b)
pg pg

4. S5 vong quay clia bom: s6 vong quay gii han cla bom dat trong mot hé thong
bom dugc xdc dinh tai cic vi tri nguy hiém:

a) O phia hiit khi x = 0:
2
&_(m@gm]:hl;
Pg g
khix =1:

%~[z] +r+0°T (1+W,)+X]:|=ht;
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b) O phia ddy khi x = 0:

2
B, 1207 o
Pg g
2 > 5 o T - Ty p + P : 1
O day 1,2 1a hé s6 diéu chinh d6i véi gia toc tai diem chét cha pittong khi %z-s—
Thay theé @ béng n ta c6:
(P \
~L-h -z, -X|
n_, =4150g| P& ;
=
E—é— (T2 r—Xq >
n_ =1/160g : (1-19)
' ~ r? J

=
!
—
wh
o
e
o
i =]

max LZS ' j

SG vong quay gidi han l1a s§ vong quay nhé nhat tinh duge tir hé (1-19). S6 vong
quay n cia bom phai nhé hon sé vong quay gidi han (thuong n = 100 — 200 vg/ph).

Dai voi bom cé bau khi, khi xédc dinh s6 vong quay giéi han phdi thay P bing 4p
Pg

suat trong bau hit, thay b ap sudl trong bau day, thay L, bing chiéu dai tuong
Pg
dwong cia phén gilta bom va bdu hit, L, - chiéu dai tuong duong cha phéan gita bom va
biu day.
5. Khoang chay cia pittong: gia tri clia khoang chay S = 2r, trong dé r anh huéng téi

lic quén tinh theo quan hé bac mot. Nhu viy mudn luc quin tinh nho phai dung khoang
chay nhé. Bom cang cé 36 vdng quay lon cang can ¢é khodng chay nhd. Bom cé

% <1,5 goi la bom c6 khoang chay ngén, dé thudng 12 bom quay nhanh, c6 dp suit nho
L3 T Y e 2 -, .’ S s - 4 By

(de luc pittong nho) va dat thang dimg. Bom co D >2 goi la bom c6 khoang chay dai,

d6 thudng 12 bom quay cham, 4p sudlt cao va cd chiéu cao hit nho. Gid tri 16n nhit cha

S

D thuong khong qua 3,5 (D - dudng kinh cha pittong).

6. Van toc trung binh cha pittong: dé dam bao khoang chay va sé vong quay ¢6
quan hé thich hgp, thi phii chon cdc gid tri clia van t6c trung binh thich hop:
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S - - - r
vy, = 2—0 =0,2—-1m/s, khong nén lay v, >1m/s. Trong trudng hop rat dic biét ¢6 the
lay v, t6i 2m/s.

7. Chiéu cao hit clia bom: d€ tranh su dit doan cha dong long trong khi hit bom
cAn thoa man quan hé (1-18a) va trong trudng hop gidi han 1 quan h¢ (1-18b). Tai diém
chét cua pitténg ing véi x =0 (theo 1-18b) cé:

2
P, L2t v g
Pe g

Tir d6 it ra gid tri lon nhat cta chiéu cao hit gidi han:
1,2L 0’
; Py Lo

“imax T Xi (1-20)
P& g

Tir cong thiic (1-20) cho thay chiéu cao hiit t6i da phy thudc vao cic yéu 16 nhu: dia
diém dat bom, khéi luong riéng, nhiét do chét léng duge van chuyén, chiéu dai v dudng
kinh 6ng hiit, s& vong quay clia bom, ban kinh tay quay hay khoang chay clia bom va trg
luc cua xupdp.

Néu nhiét d6 cang cao, chiéu cao hiit t5i da cang nho va téi mot nhiét do nao do
(ht = &] thi khéng thé dat bom hit dugc ma phai dat bom thap hon myc chit long.

Pg

Trong trudng hop bom c6 dat bau khi thi luc quén tinh chi xuit hién trong doan J;

gitra bau hiit va bom. Vay céng thic dé xic dinh chiéu cao hit t6i da la:

LY 1o
zlm=ﬂ-hl—“—'h[1+2gh+@}—~bﬂ-x, (1-21)
Pg 2g d, g
trong do: |

vV, - Van toc trung binh cla chét 1dng trong ong huit dudi bdu hit, m/s;

h, - chiéu cao dp suat hoi bdo hda cha chat long, m. DG véi nude cho ¢ bang 1.3.

Bang 1.3

Nhiét d6 chat

; 0 10 20 30 40 50 [ 60 | 70 | 8C | 90 | 100
long °C

h, m 0,06 | 0,12 | 024 | 045 { 0,75 | 1,25 |2,02|3,17| 4,82 |7,14]10,33

Can ci vao cong thitc (1-21) s& xé4c dinh duge chiéu cao hiit t6i da cho phép, phu
thuoc vio s& vong quay ctia bom va nhiét do ctia nude (bing 1.4) khi dp suat & phia hit
12 dp sudt khi quyén.
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Bang 1.4

S ve X Nhiét do, °C

vong quay, ve/p 0 20 30 40 50 60 70
50 7 6,5 6 5,5 4 2.3 0
60 6,5 6 5,5 5 3,5 2 0
90 55 5 4,5 4 2,5 i 0
120 45 4 3,5 3 1,5 0,5 0
150 3.5 3 2.5 2 0,5 0 0
180 2.5 2 1,5 1 0 0 0

1.2.1.6. Chiéu cao dp luc ctia bom

Chiéu cao 4p luc trung binh bom cung cdp cho dong chat 1éng (tinh bang mét cot
chat long):

H=Pab Puo _, ., P2 by ViV +3hy + 2 by + X, +X, (1-22)
PE P8 pe 2g
trong do:
z,,2, - chiéu cao hiit va ddy, m;
X,, X, - tr& lyc cha xupép hit va xupap ddy, m.
Chiéu cao ap luc k€ ciia bom xdc dinh theo cong thitc:
H,, =h+ Dot Po (1-23)
PE
trong dé:
p,. - chi 6 cua ap k&, N/m*;
P - chi $6 ctia chan khong k€, N/m*;
h - khoang cich giita 4p k€ va chan khong k&, m.
Quan hé giita chiéu cao 4p luc ciia bom va chicu cao dp k¢ la:
Vg~ Vi

2g

H=H, +X,+X,+ (1-24)

trong do:
X, X, - r& lyc clia xupap huit va xupép ddy, m;
v, - vin t6c trung binh cha chat long trong Sng ddy tai noi dat 4p k&, m/s;
v, - van toc trung binh cha chét 1ong trong dng hit tai noi dat chan khong ke, m/s

1.2.1.7. Bau khi

1. So dé cdu tao va nguyén tic lam viéc cha bau khi: chuyén dong khong én dinh
cta chdt 16ng trong ong hiit vd 6ng ddy 1a nguyén nhan lam cho lwu lugng khong déu va
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gay ra luc quan tinh. Bdu khi 12 thiét bi t6t nhat d€ khac phyc hién tuong nay. O hinh
1.2 12 so d6 cha hé théng bom c6 biu khi & 6ng hit (bau hiit) va dng ddy (bdu ddy).

Qua4 trinh 1am viéc clia bau khi nhu sau: khong khi chida trong bau khi bi nén khi
luong cung c4p chdt 1éng tang 1én va din nd ra khi lugng cung cép chit 10ng giam
xudng. Do d6 thé tich khong khi trong bau bién doi tr V. dén V,,, roi lai tr V.
dén V_, . (hinh 1.5a) va nhu vay 1 thé tich chat long trong bdu s€ bién ddi nguge lai.

Bdi vay, khi luong 1ong cung cip tang 1én thi bau khi s€ chita thém mot thé tich chat 16ng:
U= Vrnax - Vmin (1'25)

[
=|_E |
>E = | |1
| — [ =
:‘{ Tt |
—=— =
== —
|
| . et i
a) b) ¢ d)

Hinh 1.5

Lurong chat 16ng ndy lai cung cap cho bom hoac cung cdp vao 6ng ddy khi lugng hut
hoac luong cung cdp cla bom gidm xudng.

Ap sudt trong bdu khi thay d6i t p,;, dén p,,, trong qud trinh tich ldy chét long
va ngugc lai khi nha chat 16ng ra. Mudn vén t6c chat 1éng trong 6ng din bién ddi it thi
ap suat trong bdu phai bién d3i it va nhu vay thé tich clia bau khi phai du 16n. Dao dong
clia dp suét trong biu khi s& dn dén dao dong cha huu luong trong bau, vi vay ti SO0

Pmax = Pmin =m, (1-26)
P

Dai lugng m, goi 12 mic do khong déu clia bau khi. Gid tri nay doi véi bau hit 1a
0,025 — 0,050 va véi bau ddy I 0,01 — 0,025. Muén chuyén dong 6n dinh hoan toan thi
m, — 0, liic niy thé tich khong khi trong bau khi s& 16n v6 han.

Néu coi qua trinh nén dan khong khi trong bau 12 dang nhiét thi c6:

pmaxvrnin = pminvmax = p{bvlb;
Pmax ~ Pmin Viaz = Vini U

it ra: = —max min - " =m,

Pw Vib Vi
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Tit d6 tim dugc thé tich trung binh clia khéng khi trong biu:

V, =— (1-27)
y,

Muén xdc dinh gid tri cha U phai lap do6 thi cung cip (hinh 1.3b, ¢, d, d) v thay th¢
duong dac tuyén cta lugng cung cdp khi khong cé bau khi bang dudng dac tuyén ndm
ngang khi luong cung cdp khong déi. Dién tich gidi han giita hai dudng dac tuyén 1a thé
tich chat long di vao bdu khi khi lugng cung cap ting 1én vi di ra khoi bau khi khi lugng
cung cip giam xudng. V4&i bom tic dung don U = 0,55FS; bom tic dung kép
U = 0,21FS; bom tic dung ba U = 0,009FS; bom tic dung bon U = 0,042FS; bom vi sai
@ phia hiat U = 0,55FS; va ¢ phia diy U = 0,21FS. Néu ldy muc do khong déu cha luu
lugng khi ¢6 bdu m, = 0,025 thi tinh dugc thé tich clia khéng khi trong bau & bom tic
dung don V, =22FS, bom tic dung kép V,, =9FS ; bom tac dung ba V,, =FS va bom
tic dung bon V,, =2FS.

Khi 6ng dan dai luc quén tinh 16n thi 1dy m, =0,01. Néu kich thudc clia bau khi
I6n thi trén than bom chi dat mot biu khi nho, con thé tich chinh cha khong khi duoc tap
trung trong bau khi dac bi¢t dat gan bom. Bau hit ¢6 thé 14y m, = 0,05 néu éng hiit
ngan va chiéu cao hiit nhé hon 5m.

Vi phdn dudi ctia bau khi chifa chat 1éng (hinh 1.5a, b, ¢, d) nén thé tich cla bau khi
16n hon thé tich trung binh V,, cla khi trong biu va dugc x4c dinh theo cong thic:

V, =15V, =ﬂ, m’ (1-28)

my
Bau khi thudng c¢6 dang hinh tru véi dudng kinh:

D =0,973/V, vachiéucao H=1363V, (1-29)

Phuong phdp dua chat 10ng vao va 14y chat léng tir bau khi ra c¢6 thé khac nhau
nhung phai dam bao nguyén tic: tat ca chat 16ng cin di qua bau khi, chat 1éng & trong
bau khi phai mat hudng ban ddu. O hinh 1.5a, b, ¢ 1a cdc cach céu tao cha bau ddy. Két
cau (hinh 1.5¢) khong thod mén, két cdu (hinh 1.5a, b) thod min v46i cdc nguyén tic trén,
con & hinh 1.5d 14 cdu tao clia bau hut.

Pé bau khi lam viéc binh thudng cén phdi cé dng do muc nude, 4p ké va van
khong khi. D61 v6i bdu ddy con cén ¢é van an toan. Van nay ciing c6 thé dat giita bom
va bdu ddy.

Khi 1am viéc binh thuong lugng khong khi trong bdu hit ting ién vi khong khi tich
ra tir chat 16ng vao khong gian ctia bau hit. Ngugc lai, trong bau day lugng khong khi bi
giam di vi khong khi ti€p xic véi chét 1ong ¢6 dp suat cao nén do hoa tan trong né tang
lén. Vi vay can phai dinh k¥ théi khong khi khodi bdu hit va bd sung khong khi vao biu
ddy. D6i v6i cdc tram bom 16n phai c6 tram mdy nén khong khi kém theo. Vi tram bom
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nhé muon thai khong khi khéi bau ht c4n 1am céc 16 nho (hinh 1.5d) céch d4u 6ng mot
it. DE dua thém khong khi vao béu diy ta dat mot van khong khi & duéi xupap hit, khi
md van nay khong khi s& vao bom réi tich ra & biu day.

Néu lugng khong khi & bau ddy tang Ién thi ¢6 nghia I dudmg &ng hut khong kin.
Néu bom [am viée rung dong nghia 12 thi€u khi & bau hit va bau ddy.

Khi mitc do khong déu my, chon di nhé (theo céc gid tri d3 cho) c6 thé coi chit
1éng trong 6ng dan chuyén dong déng déu thi 4p sudt trung binh & bau hut 13:

2

p vi [ A
P 298[5;;_31 “—h(d—lll"*ztlh +1H, N/m?;

2g
& bdu ddy:
2
P2 Va | Aoly 2
=pg|—=+z, +—{ =24 +1|l, N/m
Pw2 pg[pg 2 2g( d ng H

2. Ap suat 16n nhat trong bau khi: dp suét trung binh & bau khi dugc xdc dinh khi
chat 16ng chuyén dong 6n dinh. Can cf vao ap sudt nay ta xac dinh duogc cdc kich thude
chl y&u clia bau khi. G thdi diém khoi dong bom, chat 1ong trong 6ng ddy tang van téc
Ién nhicu 14n, do dé xuat hién luc quén tinh din i nang cao ap suét clia bdu khi. Ap
sudt ndy s& cang 16n néu 6ng ddy cang dai, dudng kinh 6ng cang nhd va nang sust cia
bom ting cang nhanh (nghia la gia t6c cang 16n).

Gid thir dp suat trong biu khi chua lam viee 1a P2 =Py v 114 tich khong khi

PE  pg
tuong tng trong bau I V,, thi khi khi dong bom 4p suat trong bu ¢6 gi tri I Zmax
pg
Ky hiéu Pmuc _ k, 12 hé s6 nang dp & bau khi va duge tinh theo cong thire:
Py
! 2
Ink, +——1=_62P_ (1-30)
kp 2fodvopb

trong dé:
14 - chiéu dai 6ng ddy sau bau khi, m;
foa - dién tich tiét dien ong ddy, m?;
p - khéi luong riéng chat 16ng, kg/m’;
Q - luu lugng bom, m?/s;
V, - thé tich khong khi trong biu, nr’,
3. Biu khi va dao dong dp sust chat 1ong: muén chat 1ong chuyén dong hoan toan
déng déu, kich thudc bau phii 16n v6 han. Nhung kich thuéc biu khi hiru han nén ap
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suat trong bdu ciing dao dong mot it xung quanh gid tri trung binh. Diéu nay dan dén
bién d6i van toc trong 6ng day va 1am xudt hién luc quén tinh ning cao hodc giam thip
4p sudt trong bdu khi. Gid tri cla 4p suat quén tinh khong 16n 1am, néu khong tring véi
s tang cha 4p sudt trong bom thi dp sudt trong bau khi khong thé cao qud gidi han cho
phép. Nhung néu né trung thi tdng bién do dao dong cd thé dat gid tri rat I6n. Nguy
hi€m nhat 1a khi c4c bién d6 dao dong cuc dai triing nhau.

Tin s dao dong cua cot chit 1ong (s6 dao dong trong 1s) la:

g= L J-Elf(.,d (lnv,)"

2¥pg

Tan s6 dao dong cia chdt long trong bom:

, I
' =—
60

Ky hiéu f == Ia tiéu chudn dé x4c dinh thdi diém cong huéng ciia dao dong. Mudn
Z
tranh cong hudng phdi thoa min dicu kién:
£ <0,7f, (1-31)

trong d6: f, - gid tri t6i han cla f (nghia 1a gid tri gay ra cong hudng). D61 véi bom tac
dung dem £, =1; vdi bom tdc dung kép f;, =2; véi bom tac dung boén f, =4; vdi bom
tdc dung ba f;, =6.

Néu quan hé (1-31) khong thoéa man thi phai tang kich thudc cha bdu khi dé gidm
gid tri gay ra cong huéng.

1.2.1.8. Xupdp

[. Nguyén 1§ 1am viéc clia xupap: & day chiing ta xét mot xupap dia phing (hinh 1.6a)
véi d_ - dudng kinh dia xupdp 1; / — chu vi xupdp: h - chiéu cao ning xupdp; v, - van
téc chay 1y thuyét qua khe xupdp; p - hé so chdy qua xupip; f, - dién tich ty do cha d¢
xupdp 2; v, - van toc chat 16ng trong d€; n, - sd xupdp dia phéng cé trong mot t6 xupdp
va ciing thuc hién mét chiic nang (ddy hoic hut), thuong n, =1.

Theo phuong trinh lién tuc cé:

E = phlv, (1-32)
n

Gi4 tri cha v, coi nhu khong déi khi tai trong cua xupdp gilf nguyén. Tir cong thic
(1-32) rit ra:
b= Fv  Forsing
nulv nplvg

(1-33a)
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- = . h
Yiw_ @ )i’// b =R \ ;
\::T_ ;t | f T_\ 2
N 0 =
LN %T \I = 1"
\ ivu Py
N
|
a) ]
Hinh 1.6

Nhu vay chiéu cao nang cha xupdp bién déi theo quy ludt hinh sin (hinh 1.6b) trong
sudt khoang chay pittong va Idn nhat & vi tri trung binh khi ¢ =90

b = — (1-33b)
n,pivy
Vin t6¢c nang cua xupdp:
dh Fu) rcosQ (1-34)
Tdt n v,

D6 thi van t6c cia xupdp ¢6 dang hinh cosin va gia tri tuyét d6i nhd nhat cia van
t6¢ u ndm O vi tri trung binh © =90° (hinh 1.6b)

Gia toc clia xupap:

du _-Fao’rsi
du _-Fa'rsing __ o
dt n v,
B4 thi gia t6c c¢6 dang hinh sin (hinh 1.6b). Néu dién tich cla dia xupdp 13 f,, van
téc cha nd 1a u thi trong mot don vi thoi gian dudi dia xupdp s€ git hodc ddy di mot
lugng chit long [a f,u . K&t qua ta cd:

pv, hi = F——fu
n

X

rut ra: h= l {Ei—f. J

pv, fin

X

Van téc cia xupdp la:

dh | [de _fxdu]

Uu=—-=
dit  pv/indr dt
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d .
Dai luong fxdtu nhd nén cé thé bo qua, vay:

"y F [gi)_}:mzrcomp

n v/ dt n, 1yl
Thay th& u vao cong thifc tinh # ta co:
F .
h= or smcp—M (1-35)
n,puv, f pv, /

Quan hé giita cc dai lugng (1-35) dugce bi¢u dién bang dudng cong 3 trén do thi
(hinh 1.6¢), con dudng cong 1 va 2 bi€u dién so hang thir nhat va thit hai cha v€ phai
(1-35). Tir d6 thi cho thdy khi pittong & diém chét thir hai thi xupdp con & mot do cao
h,,, boi vay khi pittong di nguoc lai thi xupap sé ha xuéng va sinh ra tiéng dong ti 1& véi
5 cao h,. Mat khéc luong chat 16ng quay trd lai cang nhiéu khi h, cang 16n, dan t6i
giam hiéu suat thé tich clia bom. ) phin trdi cha d6 thi, dudng cong 3 cét truc hoanh khi
¢ =@, (nghia 12 xupdp nang lén khong dong thdi vai su déi huéng cia pittdong ma sau
khi pittong da di duge doan dudng x,, tuong ing véi géc ¢, ).

Géc ¢, cb thé xdc dinh bang cich thay /2 = 0 vao biéu thiic (1-35), rit ra:
fo
uv,

Thudng @, = 2 — 5°. Chi¢u cao h,, khi ¢ = 180° la:
h o= Fo’rf,

o :
nxpzvifz

tge, =

e . , d
Qua thi nghiém cho thdy ti€ng dong khong thé nghe dugc khi h, < 6—6 .

Dé xupdp lam viéc binh thudng nén lay b, = 2d5"0 .

Tai trong cua xupdp bao gom trong lrong clia xupdp trong chit long (Mg), luc dan
héi cha 1o xo (R). Vi tdi trong tao ra hiéu s dp sudt § trén va dudi xupap, do d6 tao ra
van téc & khe xupdp nén ta c6 thé x4c dinh van téc nay theo cong thic:

v = [2g| METR | | MexR (1-36)
f.pg fp

M - khéi lwong xupdp trong chat long, kg ;

trong do:

¢ - gia toc trong trudng, m/s” ;
p - khéi lugng riéng cua chat long, kg/m?' .
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Nhu vay 13 van téc chét 1ong chi la mot hiang so khi xupdp khong cé 16 xo. Trong
truong hop xupap ¢ 16 xo va luc dan héi clia 10 xo thay déi theo vi tri clia dia xupap thi
van t6c¢ trong moi vi tri s& khac nhau.

Vi tri cao nhit cua xupdp Ung véi vi tri trung binh cla pittdéng trong Xilanh va lic
nay luu lugng chat 1ong gap = luu lugng trung binh, do dé:

Mg+R_ ..
fp

‘Ith = Vkl'dhmax =u[hmaxJ2(

Tir d6 nit ra tai trong cla xupdp tng véi vitricd h_ . :

2
f
Mg+R,, = Q| ke
wh__ ) 2

D61 véi nude p =1000 kg/m® thi:

2
Mg+R_. =500f | Qs (1-37)
}'u'hmax

Téi trong ctia xupap tmg vdi vi tri thdp nhat va khi ha xudng khéng cé va dap xdc
dinh tir diéu kién:

Fro’f,  d,
hy=—7557=
n,pvilc 250
2(Mg+R
Thay: For =nQ,; mzlt—r}«; Vi = ————( £ ")
n, 30 f.p

Va pu=0,8 tacé thé xdc dinh tdi trong & vi tri thap nhdt theo cong thiic:

2
Mg+R, =6,55 {———Q;S ng,

X

2
trong d6: R, - luc dan hoi cua 10 xo ¢ vi tri thap, N. D61 véi xupdp dia ¢6 £ =—= va
(4] B X 4

[ =nd, thi:
Mg+R, =0,4095Q,nd, pg (1-38)

Vi va dap xay ra khi h, 16n, do d6 d€ gidm h, cin tang tai trong clia Xupdp, nghia
1a d¢ tranh tiéng dong thi can tang luc dan héi cha 1o xo. _

Hién tuong chdy qua xupdp tuong tu nhu hién tugng chay qua 16, nhung phic tap
hon. Céu tao clia xupdp va cta hop xupdp ¢ anh hudng t&i su chay. Gid tri cGa hé s@
chay p phu thudc vao chiéu cao nang h cho & bang 1.5.
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h, mm 3] h, mm 1} h, mm 1!
1 0,870 7 0,515 13 0,431
2 0,732 8 0,500 14 0,420
3 0,650 9 0,485 13 0,407
4 0,599 10 0,472 16 0,395
5 0,560 11 0,459 17 (0,381
|6 0,532 12 0,445 18 0,370

3, Tré&r luc clia xupap: can phan bigt trd luc cla xupdp da m& va trd luc clia Xupap
trong thdi didém md, trd lyc ctia xupdp dd md sinh ra do su ddi chiéu su thit, su m& rong
clia dong va vi thé duge xdc dinh theo cong thitc tinh trd luc cuc bd:

2
K, =% - (1-39)
2g

Gié tri cua K, hdu nbu khong ddi trong sudt khoang chay cla pittong vi vay K,
thudng tinh & vi tri trung binh cla pittong khi ma van 8¢ chat 16ng trong d€ vy = Vg

va chiéu cao nng ciad€ h=h,, .

He s6 tr& luc cuc bo & tinh theo cong thifc kinh nghiém. Péi véi xupdp dia phang:

2
o)

trong dé: p=0,15-0,17; a= 0,55+4(?1_‘di£d—}
d
e, - chiéu rong vanh khan ti€p xuc ¢ dé.
Trér luc clia xupdp trong thdi diém bat ddu mg 16n hon trd luc xupdp da md, vi khi
m& xupap phai khac phuc luc qudn tinh, hi¢u s6 ap sudt trén vh dudi xupdp do dién tich
téc dung O trén dia xupdp Ién hon ¢ dudi. Nhimg luc tic dung lén dia xupdp la: dp luc o
phia tréen p,f, ; 4p luc & phia dudi pafy; trong luong xupdp Mg; luc dan hoi coa 10 xo
M’ F
nxfd

R, ; luc quén tinh cla xupap . p, - 4p suat téc dung vao bé mat trén clia Xupdp ;

Py - 4p suat tic dung vao bé mat dudi cha xupdp. Lap phuong trinh can bang cac luc
trén cé:
Mo Fr
pdfd zptfx +Mg+Rn+ >

nxd
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tr d6 tim ra trés luc xupdp:

_ _ pi
5 P ptzi{pl(n fdJJng-!-Rl.,JrMm rF] (1-40)

Pg pg £y fs nxfd2

Nhu vy la tré lyc clia xupép ti 1¢ thudn véi khéi lugng cha nd, v6i luc dan héi cta 1o
X0, vOi dp sudt trén dia xupdp, véi hiéu s6 dién tich giita dia va d& xupip (nghia 13 bé
mat ti). Do d6 viéc g dung cic xupdp nhe v6i bé mat ti nhé c6 ¥ nghia rét 16n.

Cong thiic (1-40) rit ra véi diéu kien la chét 16ng hoan toan bi ddy khoi bé mat ti va
dp sudt trén mat nay & thoi diém mad bang khong. Mutn vay, bé mat ti phai tuyét doi
phing va nhan, chat [ong phai khong ¢6 tap chét di thé (hat rén), nhung thuc t€ khong
ton tai cic diéu kién nay. Ngoai ra, khi lap cong thiic ta 14y gia téc 16n nhat coa pittong,
nghia la gia tdc & diém chét, nhung that ra xupap md cham di mot gée ¢, va lic nay gia
toc clia pittong nhd hon so véi gia tdc 16n nhat. Nhu vay gid tri cha trd lyc xupap tinh
theo cong thic trén 1dn hon gid tri thue t€ mot it. Vi vay khi bé mat ti nho ta c6 thé bod s6
hang dau tién va trd lyc cia xupép khi bit ddu mé tinh theo cong thic:

2
X:L Mg+R, +Mm ;F
pg f4 n,f;

(1-41)

4. Thit tv tinh todn xupdp thuc hién nhu sau:

a) Chon h_,  theo cong thifc kinh nghi¢m:
400 + 500

= —

h mim .

max

trong d6: n - s& vong quay cia bom, vg/ph.

DaGi v6i bom ¢6 co cdu thanh truyén tay quay h,,, <12—15mm. Vat chén dé gidi
han khodng nang cla xupdp thudng dat & do cao khoang 1,5h_ . ké tir d& xupip.

b) Chon van t6c ly thuyét chiy qua khe xupdp: déi véi bom trung ap v, = 2000 - 3000mm/s;
v bom cao 4p v, = 5000mm/s.

¢) Dua vao bang 1.5 tra hé s chiy p, rdi x4c dinh chu vi xupép / theo cong thic:
Fro

/ = ———_ Néu xupip ¢6 gan dinh huéng & dudi thi:
“vkhmax
(=T e, mm (1-42)
“thmax
trong do:
i - 50 gan;

¢ - chiéu day gan, mm.
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Néu mat dudi dia xupdp c6 dang nén thi thay h,, = Dy, sinB. V61 xupap bi thi
thay h,_,. = Dy sin45°.

d) Xéc dinh dudng kinh xupap theo chu vi:

Pai véi xupdp dia: d, = ! (1-43a)
i

D3&i v6i xupdp vanh khan:  d, = ?{— (1-43b)
i

Néu d, >120-150mm thi nén dung té xupdp (mot t8 xupdp c6 nhiéu xupap).
d) X4c dinh luu lugng 1y thuyét di qua mot Xupap:
Q

Q= , m'/s (1-44)
nonx

trong doé:
n, - s§ xupép trong t3 hop;
Q - nang suat trung binh cla bom, m’ / S;
n, - hiéu suat thé tich;
¢) Xac dinh tai trong cla xupdp ¢ vi tri cao nhét va thap nhat theo cac cong thiic (1-37)
va (1-38);
f) Thiét k& xupdp (xupap dia phang hoic c6 mat ti dang nén): chiéu rong bé mat ti
nén 14y nho nhét va duge xdc dinh theo stic bén nén ¢6 chi ¥ t6i tic dung va dap caa tai
trong. Ngoai ra ciing c6 thé tinh chiéu rong bé mat ti theo cong thic kinh nghiém:

D31 v6i xupap kim loai: b=0,8\dy ;- (1-45a)
Pai véi xupdp boc cao su, da: b= 1,25\/3— , (1-45b)

trong do:
d, - dudng kinh d€ xupdp, mm;
b - chiéu rong b€ mat i, mm.

Chiéu day clia dia xupdp xéc dinh theo cong thic:

S=0,5d, /2’1 ,cm (1-46)
ch

d, - dudng kinh d€ xupap, cm; ¢ - hé s6, bing 1,5 d6i v6i kim loai;

trong dé:

p - ap sudt trén bé mat dia xupap, N/em? ;
G, - ing suét uén cho phép, N/cm? ; vé6i déng 4 o, = 2000 -2500N/cm? .
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Sau d6 cdn kiém tra dia xupdp theo tng sudt cét:

T=%STCP, N/cm? (1-47)

trong d6: T, - ing suat cat cho phép, véi dng do T, = 1250N/cm? .
Mudn cho dia xupdp khéng con phai chiu uén ngudi ta dic hodc han thém céc gin
vao dudi hoiic trén dia. Cdc gan phia dudi con ¢6 tdc dung dinh hudng chuyén dong. Gan

dugc coi nhu dam hai géi tua ¢6 tdi trong phan bs tam gidc kép. Nhu vay moémen udn
noi lyc 16n nhat la:

trong d6: P, - tong tai trong trén mot gan, N.

Nhu viy moémen chéng udn cua gan la:
2
_ he M,

W, = ——mx - em? (1-48)
6 o

p
trong do:

h, - chiéu cao gan, lay bang 1,5h_,, dé€ con c6 tic dung dinh hudng chuyén
doéng, cm;

¢ - chiéu day clia gan, cm;
G, - Ung suat cho phép udn coa vat liéu lam gan, N/cm? ;
g) Xiac dinh trong luong clia xupdp trong chit 16ng Mg r6i két hop véi diéu kién da
cho tinh lyc dan héi 16n nhat R, va nhé nhdt R, . Tix dé tinh duge hing s6 16 xo:
R..«—R :
C — X i1 - Gd& T
hax 640n,r;

N/mm (1-49)

trong dé:
G - modun chéng cét clia vat licu 1am 15 xo, d6i v6i thép G =7,5.10* N/mm? ;
d, - dudng kinh cua soi 16 xo, mm;
n, - sO vong cua ld xo;
r, - ban kinh cua vong 10 xo, mm;
R« va R, - luc dan héi 16n nhat va nho nhét cda 1o xo, N;
h.x - chi€u cao nang 16n nhdt cta xupdp, mm.

D61 véi 10 xo hinh nén cling tinh tuong tu, nhung diing bdn kinh vong trung
binh 1, .

Sau d6 can kiém tra 1d xo theo xo04n. Véi 10 xo tru:



T= hGd, T, (1-50)
47nn, 1, P

[

trong dé:
h - chi€u cao nén so bo, e

- (ing suat cit cho phép, N/cm? .

HJl |
1.2.1.9. Ddc tuyén cua bom pittong \:
FY _
Pudng cong bi€u dién quan hé giita chiéu cao ap huc H=HQ)
va luu lugng bom goi la dac tuyén (hinh 1.7). Chiéu cao p
ap lyc ca bom pittong hdu nhu khéng phu thuoe vao hu T
lugng bom, chi khi dp suat rdt cao thi Iun luong méi a
b

giam di chdt it do bi rd i qua bd phan bit kin. Vi vay ] "
T a1 e e - P L Hinh 1.7
bom chi nén lam viéc & mién ¢6 dic tuyén thing ding.

1.2.1.10. Dé thi chi thi cia bom pittong

Nhd "chi thi k&” ta cd thé 1ap duoc dé thi chi thi sy lam viéc ciia bom goi 11 dé thi
chi thi. Dua vao d6 thi nay ¢6 thé x4c dinh duge cong sudt chi thi va bi€t dugc cac nhuoc
diém (su ¢6) clia bom khi van hanh. Dung cu chi thi (hinh 1.8a) dung dé ghi lai 4p suit
trong khong gian lam vigc ctia bom va v& nén d6 thi chi thi. N6 gém xilanh / ¢6 pittong
nhd 2, can pitténg nho ti tén 10 xo 3. Khéng gian dudi pittong thong véi khong gian [am
viéc ctia bom nhd van ba chiéu (khéng cé & hinh vE). Khong gian & phia trén thong véi
khi quyén nh& 16 4. Can 5 cia pittong Iién hé véi co cdu don bay 6 cé gan biit chi 7. Biit
chi nay v& d6 thi chi tri lén bang gidy cuén xung quanh ruld & cé kep gidy 9. Ru 16 quay
duge nhd thimg /0, dau thimg budc vao cin pittdng ciia bom.

DS thi chi thi 1y thuyét cba bom [a mot hinh chit nhat (hinh 1.8b): dudng ab la
dudng hit tvong dng véi dp sudt hiit; cc diém a, b, ¢, d twong tng vdi cdc diém chét cha
pitténg. Khi pittong ddi huéng sang qud trinh nén thi dp suat tang lén theo dudng bc;
dudng cd 1a dudng ddy; dudng ad [a dudng dan (giam dp sudt) khi pittong ddi huéng. D6
thi chi thi 1y thuyét chi c6 khi khong c6 khi va hoi trong khéng gian tam viéc ciia bom;
pittong va xupdp tuyét doi kin; xupap khéng 6 1r& luc; biu khi rit 16n va ap suat khong
déi trong bau. Trong thuc & khong ton tai céc diéu kién nay nén chi ¢6 dd thi chi thi thuc
t€ (hinh 1.8¢): dudng nén va dudng dan hoi xién do ¢6 khi vi hoi trong xilanh (c6 dich dic
¢ di€ém a va ¢ do xupdp lic m& dao dong, dudng hiit thip con dudng ddy cao hon).

Can cif vao do thi chi thi ciia bom ta ¢6 thé tim ra nhitng nhuge diém ctia bom d€ xir
Iy, vi khi bom lam viéc khong binh thudng thi d6 thi chi thi ctia bom bi bign dang.

Do thi chi thi (hinh 1.8d) c¢6 dudng nén déc thoai thoai, didu ndy chiing t6 bom ht
ca khong khi (nhu vay 1a 6ng hit khong kin) va khong khi bi ddy qua xupdp ddy khi
pittong nén né theo dudng be. Luu lugng chét 16ng bi gidm di.
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Hinh 1.8

3 hinh 1.8d 12 dé thi chi thi cta bom c6 xilanh 1am viéc ¢6 cau tao sai nén tao thanh
tii khong khi. Xupap hut chi mé& ra sau khi khong khi da dan n¢ theo dudng da. Luu
luong chit long bi gidm nhiéu.

D4 thi chi thi (hinh 1.8¢) cho thdy ring xupép hit déng cham, nén da dé chat long
chay ra. Cin phai tang tdi trong xupdp bang cich thay 16 xo c6 luc dan hoi 16n hon.

D6 thi chi thi (hinh 1.8f) gidng nhu trudng hop trén nhung véi xupip ddy. Vi vay
cén phai ting tai trong cla xupap day.

D6 thi chi thi (hinh 1.8g, h) chi ra su khong kin ctia xupdp hit va xupip day do bi
ket ban va cdc 1y do khdc.

3 hinh 1.8i 13 d6 thi chi thi déc trung cho sy lam viéc ciia bom khong ¢6 bdu hit va
bau ddy hoac bau ddy va bau hit dat xa bom hodc kich thude qué nho. Cling c6 thé bau
hit va bau ddy bi hét khong khi.

(3 hinh 1.8k 12 d6 thi chi thi ctia bom ¢6 chat 16ng ty chay vao bom khong déng déu.
Trong truong hop nay can phai tang tai trong xupdp hiit (dudng gach teén cac do thi dng
véi chiéu cao 4p sual cha khi quyén).

1.2.1.11. Cong sudt va hiéu sudt ctia bom pittong
Cong suéit chi thi cia bom pittong duge xdc dinh theo cong thic:

_ ip;FSn
60.10%°

kW (1-51)

ot

trong dé:
1 - sO lan tac dung;

F - dién tich pittong, m?;
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S - khoang chay pittdong, m;

1 - 0 14n di lai cha pittong (s6 vong quay cia bom), vg/ph;

p; - 4p sudt chi thi trung binh: p; =-I£;—m—h (piy VA Py - ap sudt chi thi trong

giai doan ddy va hit), N/m’ .
Cong sudt c6 ich (cong sudt thity luc) dugc xdc dinh theo cong thic:

PRI w
10

i
Ti s6 gifra cong suat 6 ich va cong suat chi thi 14 hiéu sudt chi thi n;:

n —i—nn
N Uy -

ol
Cong sudt clia truc bom duge xdc dinh theo cong thic (1-4) hoac theo cong thirc:

N =D W
Ne

trong dé: 7, - hiéu suat co khi. V6i bom pittong 7, =0,85-0,95.

Hiéu sust bom pittong 1 phu thudc vio ciu tao {thi du bom thﬁf}g ditng ¢4 hiéu suat
1én hon bom nim ngang), chat lugng ché tao, kich thude bom va thudng bién déi trong
khoang 0,6 — 0,85 v6i bom truyén dong, tir 0,8 — 0,92 véi bom tryc tiép.

Cong suét cia dong co bom xdc dinh theo cong thic:

Ndi.' :”lﬁ, kW (1'52)
Nu
trong dé:
k - hé s6 du trit, d8i v6i bom nho (N < 4kW) liy k = 1,15 - 1,5; v6i bom lon
(N> 4kW) lay k=1,1 - 1,15

1,y - hiéu sut truyén dong.
1.2.1.12. Bom truc tiép
Bom truc 1i€p (hinh 1.9) khong 6 co céu thanh truyén tay quay va dugc truyén dong
truc tiép tit may hoi. Pittong ctia bom va pittong ctia mdy hoi c6 chung mot can, Thudng
phdn bom gém c6 hai xilanh téc dung kép va & phan mdy hoi ciing ¢6 hai xilanh. Nhu
vay bom tryc ti€p 14 bom tac dung bon. Hop xupdp thudong dat trén xilanh bom, con cac
xupdp hiit dat dudi cdc xupdp ddy.

Thiét bi ctia xilanh hoi va hé thong phin phdi hai la dac diém quan trong nhit clia
bom truc ti€p.

36



Hai

| NG vei can cla Ctra day
xilanh bén

N3i vdi thanh kéo cha

xilanh bén

—f ¥

s

s

[T
[T

[Tl

Hinh 1.9

Xilanh hoi ¢6 bon rinh. Hai rinh ngoai ciing day dé dua hoi nuéc méi & hop hot vao
xilanh. Hai rnh gitra diing dé dua hoi thai ra khoi xilanh r6i qua 16 & mat phan phoi ra ngoai.

Con chan phan phéi (¢6 bé mat phing hodc try) di chuyén theo chu ky dé lan lugt
dua hoi vao vA tha hoi ra & phin ndy hoac phdn kia cua xilanh. Con chian phan phéi
khong lap cimg ma chi 14p tu do v&i thanh kéo (hinh 1.9b, ¢). Thanh kéo ¢6 thé day con
chin vé phia nay hoic phia kia nh& mi &c vuong (hinh 1.9b) hoac cdc mi ¢ dic biet
(hinh 1.9¢) va chi bit ddu ddy khi nao mi 6¢ vuong hoac mét trong hai mi dc dac biét
dap vao con chan.

Can cif viio ciu tao chia xilanh va co cdu phan phoi con chan ta c6 thé gidi thich duge
cdch 1am viéc clia xilanh hoi bang ba so d6:

O so dd 1.9d: trong xilanh / pittong di [én trén va lam chuyén dong co ciu don by
cha con chan & xilanh 2. Pitténg cha xilanh 2 ndm & diém chét va con chin clia né dd di
qua mét khoang y.
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So d6 1.9d tuong tng véi vi tri dimg cia pitiong ¢ xilanh 1, con chan cua xilanh J da
di qua mot khoang y.

So d6 1.9¢ tuong ty nhy so 46 1.9d nhung vi trf cla cdc pittong trong cac xilanh
ngugc lal.

Bom truc ti€p c6 wu diém 12 luu lugng déu, lam viéc &m, vi vay trong céc bom hoi c6
thé 1dy chiéu cao nang cyc dai cla xupap dén 20 mm va 16n hon; bau khi nho vi pitténg
chuyén dong gin nhu véi van té¢ khong déi, vi vay luc quén tinh nhd; s6 1an di lai cla
bom c6 thé diéu chinh duge nhér diéu chinh lugng hoi vao.

Do ¢6 céc wu diém trén nén hiéu suat ciia bom cao. Khi van'chuyén nude sach c6
nhiét do thap m = 0,85.

Nhuge diém ciia bom truc tiép la tiéu hao hai 16n khodng 55-80 kg hoi/kWh vi hol
di vio xilanh khong dan n&. Do d6 bom tric ti€p thuong chi ding dé cung cap nudc cho
néi hoi, vi theo quy tic an toan lao dong cic bom nay phéi c6 mdy hoi riéng. Bom truc
tiép ciing dung dé van chuyén cic chat dé chdy nd.

1. Tiéu hao hoi: nang suat hai cung cdp cho bom c6 thé xdc dinh theo cong thic doi
v3i méy hoi, nhung cén de ¥ tdi kich thuce khoang hai (15%) va t6n thédt do ngung tu &
trong xilanh:

0,24

Qh=?920Fhvph[l,15— J kg/h (1-53)

Pn
trong dé:

F, - dién tich pittong mdy hoi, m’;

v - van téc clia pittong, m/s;

py, - khoi luong rieng cha hoi, kg/m3 ;

py, - 4p sudt hoi trong xilanh, at.

2. Quan hé gifta dudng kinh xilanh may hoi va dudng kinh bom: n&u dp sudt hoi
trong ndi hoi la p, (N/mz) va 4p suat hoi trong xilanh la ap, véia <1 (a-hé 0 tinh
dén su gidm 4p trén dudng ong dan 16i bom) thi:

-0
. 0,9p,-0,5
Pn
Biét 4p suat hoi thira vé phia khéc cla pitténg la p, thi téng 4p lyc coa hoi tac dung

2
Dy

vao pittong 1a (ap, —p,) (D, - dudng kinh xilanh hoi, m).

Gia su 4p suat trong xilaph chat long la p, = pgH thi dp lyc tac dung vao pittong
cua nd la:

38



nD? b :anng
4 M 4

trong d6: D, - dudmg kinh cta xilanh bom, m.

Pé pittong c6 thé dich chuyén dugc cén phai khic phuc ma sit, do d6 4p luc tic
dung cin phai 1y gip 1.1 1an dp lyc cén, nghia la:

2 2
(apn _p[)nDh _ Ll[nD]ng}

4 4

D, =D, | Pl (1-54)
ap, — P

1.2.1.13. Cédc chi tiét cua bom pitiéng

rat ra:

1. V& bom: ché tao bing gang hoac thép diic, sau d6 gia cong co khi. O cdc bom van
chuyén cic héa chat ¢6 tinh in mon cao thi vO bom ché tao bing hgp kim dic biét nhu:
silic chiu nhiét, thép crém-niken v.v... Trong mét so trudng hop ngudi ta dung déng do
thay gang hoic 16t bac, déng dé vao trong xilanh gang dé van chuyén axit yéu va cic
chat dé& chdy. Mit khéc dé thay bac khi bi mon.

Chiéu day cla vO bom x4c dinh theo cong thifc:
., +0,4
§=D S22 o om (1-55)
240, -1,3p

O, - Umg sudt cho phép cua vit liéu, N/ cm’ ;

trong do:

p - dp suat trong, N/cm2 ;
D - dudng kinh trong cta xilanh, cm;
C - chiéu day b thém, tinh tdi do khong chinh xéc do dic C=0,3 — 0,6cm.
Ung sudt trong vat liéu tahg 1én nhidu néu khoan 18 & xilanh, do vay phai ¢6 bién
phdp tang bén néu khoan 15.
Khi thiét ké vo xilanh cin chon hinh dang sac cho chét 1ong di qua xilanh khong c6
ché ngoit thira va loai trir kha ning tich Iiy khong khi trong xilanh. Mat bich phai bo tri
cho dé& thdy, dé van. Trén vd bom cdn ¢6 céc 16 tuong Ung dé gin céc thiét bi phu.
2. Hop xupép: chiéu day hop xupdp tinh theo cong thiic (1-55). Hop cfn ¢6 ciu tao
dé thdo 1ip nhanh chéng. Nhiing noi c6 kha nang tao thanh tii khi phai cé d¢ nghiéng
nhit dinh dé khic phuc. Hop c6 thé ché tao roi hoac lién khdi v6i vo.
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3. Pittong: pittong c6 dang
dia hoac tru. Pittong dia day
0,8 - 1D ¢6 cac vong bit kin
bang kim loai (hinh 1.10a)
hoac da (hinh 1.10b), gai va
d6i khi dugc mai nhan dé tiép
xic kin v6i bé mat trong
xilanh (b€ mat trong xilanh a
thuong dugc 16t mot bac
déng). Vong kim loai dugc ché -
tao biang kim loai mém hoac
biang déng do va c6 cac khe ho
twong tng dé c6 thé co dan. O
trang thdi tu do, vong cob
duong kinh 16n hon dudng
kinh xilanh. Vong kim loai
ding cho ca nuéc néng lan
nuéc lanh, vong da va day chi ding cho nuée c6 nhiét d6 t <30°C.

____._._._._.-—-{—::}-t—:::]
g

i
ul
||
|

S I‘\

=
o

d)

Hinh 1.10

Pittong tru (hinh 1.10c, d) lam bang gang, bé mat dugc gia cong that nhan néu
dudng kinh 16n hon 100 mm thi bén trong réng. Véi loai ndy phéi kiém tra tinh 6n dinh
du6i tac dung ctia dp sudt ngoai theo cong thic:

d =d, |[—2® _4C,cm (1-56)
oo ~8,5d,
trong do:
d,.d, - dudng kinh ngoai va duong kinh trong cta pittong tru, cm;
o, - Ung sudt cho phép cia vat liéu lam pittong. P6i véi gang va dong do lay
o, = 6000 N/cm2 :
C - luong du trit dé gia cong co khi, thuong ldy C=0,6 + lem.

Loai pittong tru kin hai ddu (hinh 1.10d) ding trong bom tdc dung kép cén dugc
thudng xuyén kiém tra do kin. Cén pittong tru dugc tinh theo kéo véi hé sO an toan
n = 15 va tinh theo nén doc véi hé s6 an toan n = 15 + 20.

4. Hop dém (hinh 1.11a, b) ding dé bit kin khe hd giita pittong tru hoac can pittong
dia va 16 thanh xilanh. Tuy theo diéu kién lam viéc c6 thé ding dém soi tham bot hoat
thach (OH),Mg;Si,O,,, vong da, vong kim loai mém hoic déng do. Vong kim loai c6
tiét dién tam gidc va dat sao cho bé mat cua cdc vong déng do ti vao than hop dém,
con vong kim loai mém ép vao bé mat can. Luong bulong & hop dém phu thude vao
dudng kinh clia hop dém va khoang 2 + 6 chiéc. Bulong dugc tinh theo ba lan dp suat
trong hop dém. t
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Hinh 1.11

5. Xupdp: thuong la loai nang (hinh 1.12a, b, c) va loai ban 1é (hinh 1.12d). Loai ban
1€ chi dung véi bom c¢6 s6 vong quay nhé va dp suit khong 16n. Vat ligu dé bit kin B cao
su hoic da. Xupap ning gdém ¢6 xupdp dia (hinh 1.12a), xupép vong (hinh 1.12b), xupdp
bi (hinh 1.12c). B mat t, chiéu diy clia dia xupép va do nang cua dia tinh theo cédc cong
thic dd cho. Vat liéu lam xupdp Ia thép khong gi, thép thudng, déng thanh, gang. Lo xo
ché tao biang thép khong gi hoac dong thanh.
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Xupdp bi dic bing gang, déng do, thép, ebonit v.v... va trong mot s0 truong hop
duge boc mot IGp cao su bén ngoai. Nén lam bi réng dé c6 thé thay doi khoi luong cha
bi bing cdch dé thém kim loai. Pudng kinh cta bi bing 1,5 lan dudng kinh trong clia de.
Xupdp bi dung trong truong hop van chuyén cht léng nhét va huyén phu, chit long ¢6

nhiét d6 cao va chdt 1long an mon. Nhuogc diém cha loai ndy 1a gay va dap manh nén chi
dung cho bom chay cham.

Xupép can phai thoa min c4c yéu cau: kin (nghia 12 khong cho chat long chay qua a
vi trf d6ng); nhe dé khong tao nén tré luc khi md; khi déng khong cb va dap (nhu vay
cdn ¢é 1o x0); bo phan hudng 1am viéc thodi mdi khong ket.

1.2.1.14. Cdc thiét bi phu cuita hé thong bom pittong

Cic thiét bi do la:

1. Ludi va xupdp tiép nhan: dé giit lai rdc khi bom lam viéc, gitt nudc trong ong hit
khi bom ngtng.

2. Xupép an toan dé bao vé bom va dng day khoi hu hong khi ¢6 va dap thay lyc.
Xupép an toan b trf giita xupdp mot chi¢u va van chén trén Sng ddy hoac dat trén bau day.

3. Xupép mot chiéu khong cho nude quay trd lai khi dimg hoac khong cho nude tu
bom niy qua bom kia khi ¢6 nhiéu bom lam viéc song song.

4. Xupép dic biét & vo bom ding dé nap khi vao bdu ddy.

5. Van chén & 6ng ddy.

6. Van chin & ong hdt chi dat khi chat 16ng dua vao bom c6 dp lyc hodc 1a khi ong
it ctia bom néi véi ng hit ciia bom khic lam vigc song song.

7. Ong do muc nuée 1 — 5 & bau hit va bau ddy.

8. Ap ké dat & bau ddy hoac 6ng day.

9. Chan khong k& dit & bau hit hoac éng hut.

10. Van nho dé x4 khong khi & xilanh cla bom.

1.2.1.15. Ldp dat va van hanh bom

1. Lép dat: ban v& bé mdy dugc nha mdy ché tao cung cip. B¢ lam bing gach tot
hodc bétong va phai duoc dat trén 16p dat cing. Néu khong ¢6 16p dit cimg thi phai thay
bing mot t4m béténg 16n hon dién tich ddy cha b¢. Mach vira lien két & bé gach phai la
dung dich x1mang, odm mot phin ximang poocling, hai phan cat sach va do day cha
mach ¢6 ging lam nhé. Thanh phdn bétong cua bé bétong nhu sau: mot phan ximang
pooclang, 2 — 3 phén cdt va 5 — 6 phan so6i hodc dd dam v6i kich thude cuc < 50mm. Ti
1¢ thanh phdn béténg trén bé mat cla bé 1a 1: 2: 4. Trong bé cdn phai dat cdc 6ng gb
ding vio cdc vi trf cha bulong bé va ng can nit kin dé vita bétong khong tran vao. BC
bom 13 mot chinh thé tich khéi cdc be khac, khong dugce lien két vdi cot nha va ciing
khong cho phép tich b¢ thanh hai phén: b¢ xilanh va bé co cdu truyén dong.

Bom duge dat tam lén nhung xa gb dat trén bé va vudng géc véi duong tam xilanh.
Dua bulong nén vao cic 6ng g6 réi lap cdc bulong nay vao khung bom. Kiém tra do nam
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ngang ciia bom bang nivo dat & cac bé mit gia cong tinh néu chua dat thi phai chén thép
viio dudi khung. Cang mot soi day thép theo duong tam xilanh, sau d6 dit truc bom lén
hai & d& va ki€m tra khoang cach cta diém miit tay quay & hai vi tri du‘ng den soi day
phdl bing nhau. Déng thoi kiém tra xem diém giita cla ic tay quay ¢6 nam trong mat
phang thang ding di qua sgi diy khong. Sau d6 dé bétong vao 16 cdc bulong bé va d6
bétong cho téi tan khung may.

Khi lap vé lang hoac banh dai vao truc bom can Kiém tra xem né ¢d nam trong mit
phing song song véi mal phing thang ding di qua dudng tam xilanh khong.

Khi ldp pittong vio nén ldy sgi day nho budc vong bit kin (xécmang) lai, soi day sé
duge cat dat khi nita vong da vao duge xilanh. Dudng tam clia cdn pittong phai trung véi
dudng tam xilanh, vi chi ndi v6i 4c sau khi da dat ndp sau clia xilanh. Cin ki€m tra
khoang hé giifa pittong va nip bang cdch cho ddu dinh vio qua 16 xupdp, ddu nay s&
dinh lai trén nip xilanh va cho ta biét khoang ha.

Muén cao ra bac cla hai 6 d& truc phai boi 1én ngdng truc mot 16p muoi dau, sau dé
dat truc vio bac & d& va quay truc. Sau khi 1y tryc di ta s€ cao nhiing vi tri ¢6 dinh muoi
diu trén bac. Viéc nay tién hanh cho téi khi tat ca bac déu dinh muoi ddu dong déu. Sau
d6 lau 16p muoi ddu & bac va boi tron bang ddu mdy. Cdc nira bac duge ghép vao vai
nhau 1dn cudi cung nhu sau: 14y hai sgi chi dat ngang ngdng truc, lap nira bac trén va lap
& vao réi xiét bulong that chat, ti€p d6 thdo ra do chiéu day cua soi chi bi bep. Ché tao
dem 161 tir kim loai méng c6 chiéu day nhu thé roi dit vao cic bé mat ti€p gidp voi bac.
Sau dé lai lip 6 vao roi xiét buléng lan cudi.

Pia xupdp phai ra v6i 6¢ bang cdch xoa vao bé mat ti€p xidc mot 16p ddu rdi ric bot
mai. Tiép dé dat dia xupdp lén d€ r6i xoay thudn bon vong va xoay nguoc cing bon
vong. Nguyén cong ndy kéo dai cho t6i khi dung vai bong xoa lén dia xupdp khéng con
thiy vét den ndo. D€ bit kin cdn ding dém sgi bong hoac kim loai. BDém soi cling cn cit
thanh timg vong riéng biét. Cac ddu dém phai vdt chéo va dat léch cac cho néi. Bém soi
bong phai duge thim muoi dau.

2. Khéi dong va dimg bom: viec khai dong bom dugc thuc hién nhu sau:

a) Kiém tra xem ¢6 vit la & trong bom khong;

b) Kiém tra cdc méi lip ghép va bit kin, déng thii xem miic dau ¢ binh dau va o bi;

¢) Md van day va van hit;

d) Ddy khong khi ra qua van nhd dac biét, dong thoi kiém tra xem bom da dugc moi
chua. Déng van dic biét lai khi ¢6 dong chét 1ong lién tuc;

d) DPéng dién dua bom vio hoat dong.

Dirng bom duogc tién hanh nhu sau: déng van hiit, dimg bom va déng van day.

Cin chil ¥ 13 khi chay bom phai mé van day dé tranh hong bom.

3, Quan sét su 1am viéc clia bom va diéu chinh bom: trong thoi gian bom lam viée
cin boi tron binh thuomg dé tranh dét ndng 6 d& can pitiong va con trugt. Dau phai sach
va mot thang boi tron it nhat mot lan.
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Néu phdt hién thay tiéng dong khong binh thudng trong bom thi phai tim nguyén
nhan va khic phuc ngay. Cin xem xét lugng nuéc trong cdc bau khi va cic chi s6 dp k€.
Néu 4p k€ chi dp suat cao thi cdn tim nguyén nhan vi khac phyc. Khi thi€u khong khi
trong bdu diy cin bé sung bing cdch m& van nho dudi xupdp hit hodc ngay trén than
bom. Khi thira khong khi phai thdi ra ngodi qua van nho & trén bau. Do khong kin cta
xupap ¢6 thé nhian duge nhd ti€ng kéu rit cha né va phai ra xupdp kip thoi. Ludi tiep
nhan cin phai duge 1am sach thudng xuyén.

Cim 1am sach céc bo phan chuyén dong va thdo d cdc thiét bi an toan trong khi
bom dang lam viéc.

Ngudi ta ¢6 thé diéu chinh nang sudt bom bing cdch giam sé vong quay hodc giam
khoang chay (thudng dung bién phdp gidm s6 vong quay). Ciing ¢6 thé diéu chinh bom
biing cach cho héi luu hoac thay déi tiét dién cla pittong tru. D6 véi bom truc ti€p,
thudng diéu chinh luong hoi vao xilanh hoi dé diéu chinh luu lugng. Khong duge phép
thay déi ning suat bing cich dong m& van day.

4. Céc su ¢8 co ban cha bom pitténg: khi van hanh bom pittdng s€ gap mot 5O suf ¢O,
néu xir 1y kip thai s& ¢6 thé tang thoi gian sir dung cha bom (bang 1.6).

Bang 1.6

Swco Nguyén nhin

Sau khi khdi dong | 1. Xupdp ti€p nhan-khong gift dwgc chat long
bom khong hiit . Cdc mat bich ctia 6ng hit khong kin dé lot khong khi qua nén bom
dugc nira khong tao dugc chin khong

b

. Dudng tam cia truc quay khong thing goc voi dudng tam cua xiJanh

. Ong hut qua nhoé nén gay diit dong chat long

. C6 khoang hd I6n giita ngdng truc va bac 16t hoac gila bac bién va
4c hodc giira mat trugt va con trugt

8. MGi ghép giita cdn va pittong khong chéc

3. Chién dai ong hit ting lén do myc nudc trong bé chita bi thip xudng
4. Xupép hit déng khong kin nén nude tir xilanh chay vao éng hit
5. Ludi tiép nhan bi tic
Luu lugng bom | 1. Khong khi vao qua céc chd khong kin & 6ng hit va hop dém
khong di 2. Mot phin chat 16ng chdy qua cdc chd khong kin cla xupip
3, Luéi ti€p nhan bi bén, xupdp ti€p nhan bi ket
O dd va hopdem | 1. D4u cho vio 6 d& khong ding quy cdch hodc ddu bi bdn
b1 ndng 2. Ngbng truc tiép xiic khong 16t véi bac
3. Buléng h¢p dém vin qua cing
C6 tieng dong khi | 1. Bau khi thiéu khi
lam viec 2. Lo xo xupdp yé&u bi gay
3. S6 vong quay cao hon binh thuong
4. O d5 bj mon
5
6
7
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1.2.1.16. Sua chiia bom

Bom lam viéc qua 500 + 1000 h cdn dugc xem xét, sira chifa vi khic phuc céc sai
s6t clra xupdp, vong pittong (xécmang), dém trong hop dém, céc chi tiét clia cdc co cau
truyén déng va phoi hoi (& bom hot tryc ti€p).

Sau 4000 + 5000 h lam viéc can thdo bom dé kiém tra tat ci cdc chi tiet va khic
phuc thi¢u sét.

1.2.1.17. Uu nhuoc diém cia bom pittong

Uu diém cht yéu clia bom pitténg la:

L. Cho phép cung cdp lugng chat long khong 16n nhung ¢6 dp suat 16n. Ap suat ciia
bom khong phu thuoc vao nang suat va do bén tuong ing.

2. Cho phép m& mdy khéng cin méi chat l6ng, nhung déng thdi ¢6 sy d6t néng va
mai mon xilanh, tiéu thu cong sust vé ich va gy ra Ung suat nhiét trong xilanh.

3. Bom pittong dia cd kich thuéc va khéi lugng nho so véi bom pitiong tru; bom
pittong tru ¢6 hop dém dé quan st nén dugc diing dé tao dp suit cao.

Nhugc diém chu yéu clia bom pittong la:

1. Kich thude va khéi lugng 16n, gid thanh cao.

2. Gay chan dong truyén t6i bé.

3. Dién tich chiém ché 16n.

4. Cac chi tiét chéng mén.

5. Truyén dong phiic tap (trir bom tryc tiép).

6. L luong khong déu.

7. Bom pitténg dia c6 bit kin phic tap dé 1o chét léng va xilanh chéng mon; bom
pittdng tru ¢é kich thude va khaj lugng 16n so v&i bom pittong dia c6 cung ip sudt va
luu lugng.

1.2.2. Bom roto
1.2.2.1. Bom tdm truot (hinh 1 A3a)

Bom gom vo6 /. roto 2 va cdc tam truot 3 dat trong rénh réto. Tam cia réto khong
tring vdi tam vo. Khi réto quay, dudi tic dung cua luc ly tam va déi khi ciia ci luc 16 xo -
cdc tam truot sé trugt theo ranh vi i vao thanh vo. Ving 6 gifta cac diém A va B la viing
nen chat léng, con viing 4 1a vung hit va viing 5 1a viing ddy.

Nang suat clia bom tdm trugt xc dinh theo cong thic:

b _
Q:{—EH_(Q;IOR__SZ_)jJn\,, 11‘13/5 {(1-57)
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trong d6: e - khoang léch tim, m;
b - chiéu dai roto, m;
S - chiéu day tdm truot;
Z - $O tam truot;
R - bdn kinh cia vo (R =1 + €), m;
r - ban kinh réto, m;
7, - hiéu sudt thé tich bom.
Bom tdm truot ¢6 thé tao ra ap sudt tdi 70 at va luu lugng t6i 3,51/s.
1.2.2.2. Bom pitténg quay

Bom gdm nhiéu pittong ¢6 vi trl song song (hinh 1.13b) hodc vuéng goc véi truc
chinh clia bom. Nang suat cia bom tinh theo cong thic:

nzrd 1
V= Dtgan,, m/s 1-38
( 10 j gan,, m'/ (1-58)

trong doé:
Z - sO pittong;
d - dudng kinh pitténg, m;
o - géc nghiéng cua dia quay;
D - dudng kinh vong tam cac xilanh, m;
7, - hiéu sudt thé tich bom, khoang 0,95.

Bom pittong quay ¢6 thé tao dugc dp suat t6i 300at khi luu lugng khoang 7ifs va
hiéu sudt bom té&i 0,9,

1.2.2.3. Bom rdang khia .

Bom rang khia (hinh 1.13c) gém hai bdnh rang / va 2 dn khdp v&i nhau nam khit
trong vo 3. S6 rang thudng chon khoang 8 + 20 chi€c. Cdc rdnh rang thyc hién chic
ning cna xilanh, con cde ring thyc hién chic nang pittong. Nhu vay khi quay bom sé
lién tuc hit va ddy chat 1ong vdi luu lugng kha dong déu (s6 rang cang nhiéu tuu lugng
cang déu).

Néu coi thé tich clia ranh rang bing thé tich cla ring thi ¢é thé x4c dinh nang suat
ctia bom rang khia theo coéng thiic:
mbn

(

Q=" D} -D} |n,, ms (1-59)

trong dé: b - chiéu dai cia banh rang, m;
n - s& vong quay clia banh rang, vg/ph;
D,,D; - duong kinh dinh va chan rang, m;
n,, - hiéu suat thé tich, n, =0,7-0.8.
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Bom rang khia c6 thé tao dugc dp sudt t6i 25at khi luu lugng 13 58 m*/h. Bom nay
thuong dung dé van chuyén cde chat léng ¢ do nhét tir 0,2 - 100 cm?/s & nhiét do tir
—40°C dén 250 °C. Loai bom nay thudng ding trong cdc hé théng boi tron vi he théng
diéu khién tu dong.

1.2.2.4. Bom hai réto (hinh 1.13d)

Moi r6to cé dang s tdm hodc dang dic biét duge quay trong vo. Hai roto luon luén
cich vo va cach nhau khoang ho rat nhé va duoe din dong nhd bo truyén banh rang dat
d ngoai bom. -

Hinh 1.13
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Ning suat ciia bom c6 thé xdc dinh theo cong thirc:

2
Q:(D nb}]w m?’/s (1-60)

60

trong do:
D - dudng kinh clia vong tron quet bai roto, m;
b - chiéu dai roto, my;
n - s6 vong quay cda roto, vg/ph.
Loai bom nay c6 ning suét khoang 6 ~ 160 m®/h khi 4p sudt téi 16 at va duoc ding
dé van chuyén chat 1ong c6 d nhot dong hoc 0,2 — 2000 cm?/s & nhiét d¢ 250 °C.
1.2.2.5. Bom éng mém (hinh 1.13d)
Bom gém roto  ¢6 cdc con lan 2. Roto quay trong gia 4 ¢6 gan ong mém 3 bang
cao su hodc chat déo. Khi roto quay, céc con lan s& lan ép Ong va ddy chat long di.
Nang suat ctia bom c6 the xdc dinh theo cong thikc:

nd*l nm, 3
Q=" m*/s (1-61)
trong do:

d - dudmg kinh 6ng mém, m;

[ - chiéu dai phan dng bi ép, m;

n - s6 vong quay cia roto, vg/ph;

n, - hiéu suat thé tich.

Diéu chinh luu luong nhd bién déi s6 vong quay cha roto. Bom ong mém thudng

dung 1am bom dinh lugng va dé chuyén cdc chét cé tinh chit an mon manh.

1.2.2.6. Bom truc vit

Roto cha hom 13 tryc vit c6 bién dang dac biét nén ngan cdch duoc hoan toan dudng
hiit va ddy. Bom c6 thé c6 mét, hai, ba hodc nhiéu truc vit dat & vi tri nam ngang hoac
thang ding. Loai bom ba tryc vit (hinh 1.14) thi truc gita la truc dan va hai truc bén la
cic tryc bi din. Khi 1am vige binh thudng truc dan khong truyén momen xoan cho cic
tryc bi dan, ma cdc truc nay quay dudi tac dung cha dp suat chat leng. Cic truc bi dan
chi ¢6 tic dung bit Kin.

Nang suat chia bom truc vit (m* / h ) x4c dinh theo cic cong thic:

10d

Q =248,8.10nd}n, khi t= . n (1-62)
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trong do:

Hinh 1.14

n - s6 vong quay cua truc dan, vg/ph;

d, - dudng kinh ngoai cta truc bi dan, cm;

t - budc cua vit.
1.3. BOM bONG HOC

1.3.1. Bom ly tam

Bom ly tam (hinh 1.15) gom vo
bom / ¢6 bién dang xoan 6c, truc 4,
gudéng dong 3 trén d6 c6 gan cdc
canh 7 cong vé phia sau, miéng hut
8 va miéng ddy 9.

Truéc khi chiay bom ly tam céan
moéi nudc qua 6ng 10, vi viy néu
bom dat cao hon mic chat long thi
phai c6 bo phan ti€p nhan, goém
xupap ti€p nhan /7 dé git chat long
va luéi ti€p nhan 6. Truc quay lam
quay guéng c6 céc canh gay ra luc
ly tam lam chuyén dong chét long

R TR TR

Hinh 1.15

(1-63)

49



vé phia dudi cdnh gudng va tap trung lai theo ranh xoén 6¢c xung quanh vo. Tiét dién cha
rdnh xo0dn ¢ thay d6i nhung van tdc chat 1ong khong ddi, vi chét [ong luon bd sung vao
ranh. Nhu vay tai miéng hiit cia guéng dong s€ la chan khong, nén dudi tic dung cua dp
sudt tai bé hiit, chat 1dng s& di vao bom. O mét s6 bom ngudi ta con lam thiét bi hudng
dé chdt 16ng vio rinh xodn 6c nhe nhang hon, giam va dap va tang thém &p suat cho
bom. Thiét bi hudng cé cau tao gidng gudng dong nhung cdc cdnh dat theo hudng
nguoc lai.

Néu van t6c trong 6ng ddy (khi chat 1éng ra khoi rinh xoén &c) nhd hon vén téc |
trong 6ng xoan &c thi ngudi ta dat mot dng néi tiép goi 13 ong loa.

Bom ly tam dugc sir dung rong rdi trong cdng nghiép va trong ddi sdng hang ngay vi
¢ cdc vu dién nhu: chay ém; luu lugng rat diéu hoa; ¢é thé quay véi van téc rat 16n; néi
truc ti€p v6i dong co dién; foai bd co cdu chuyén déng kiéu bién tay quay, xupdp, biu
khi..; nén méng nhe khong chieém nhiéu dién tich; cé thé diéu chinh rong rii; ré tién, vén
dau tu it (nhat 14 d6i vdi bom 16n va trung binh); vin hanh don gian, cdu tao khong phic
tap; ¢6 thé bom dugc chit 16ng dac, ¢6 14n vat rin; hiéu sudt cao, dac biét 1a v6i bom c6
cong suat 16n.

Tuy vay bom ly tdm ciing cdn t6n tai mét sé nhuge diém nhu: méi khoi dong khong
¢6 kha nang hit nude, phai ¢é b phian méi nude vao; khong nén tao ra dp sudt quéd 7 at
(vi diéu kién bit kin); hiéu sudt clia bom c¢é cong sudt nhd khoéng Ién 1dm (theo dinh
luat thiy luc; dng, rdnh cing nho thi trd luc cang 16n); nang suit Q phu thudc vao:
chiéu cao H.

1.3.1.1. Phdn logi bom ly tam
Ciing nhu cdc loai bom khic, ¢6 thé phan loai bom ly tam theo nhiéu cich:

1. Theo 4p suvat: thap, trung binh, cao. B6i vdi bom dp sudt thap va vira thudng lam
mot gudng, vi vay hay xdy ra hién tugng xé dich guéng cimg véi truc va hién tuong tuin
hoan chét 1éng. Dé khic phuc hién tuong ndy ngudi ta lam guéng kép ¢6 cinh & hai
phia, nén luc chiéu truc duge can bang. D€ khir luc chidu truc ngudi ta con 1am bom
nhiéu cp ¢6 miéng gudng dit nguoc nhau.

2. Theo s6 lugng gudng: bom mot cdp véi dp sudt thap va vira; bom nhiéu cap véi dp
suit cao.

3. Theo cdch dén chit Iong tir guéng vao ong day: gébm cé bom khong thiét bi hudng
va bom ¢6 thiét bi hudng.

4. Theo cich truyén chuyén déng cé:

a) Bom truc tiép: ndi lien véi dong co dién hoac mdy nd qua néi truc dan héi. Loai
nay c6 hiéu suit cao;

b) C6 co cdu truyen chuyén dong (hop tang téc, day dai, banh rang khia). Hiéu suat
ctia loai bom nay dat duge thap.
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5. Theo vi tri cha truc gém ¢6 bom ly tam thang ding, ndm ngang.
6. Theo hé s0 cao t6c n, . Ciing tinh theo cong thic (1-6) ngudi ta chia bom ly tam
ra cac loai dudi day (bang 1.7).

a) Bom ly tam vén t6¢ cham: n, = 4080 vg/ph, nang suit nhé nhung chiéu cao dp
luc 16n;

b) Bom ly tdm vén tdc vira: n, =80-150vg/ph;
c) Bom ly tam vén tdc 16n: n, =150-300vg/ph;
d) Bom chéo: n, =300 -600 vg/ph;

d) Bom huéng truc: n, =500-1200vg/ph.

Bang 1.7
J_‘ DN _ f ! QN[ ;:] — DN Dl:l
o L o -
- =) o
(]
Dnle D()>DI D0>D1 Du> Dl Du> DI
D D
227543 229 Do 1ss14 | 2210000 | P2ojo.0s
DO DO 83 DI'I Dll
F > 160m H < 100m H < 70m H < 30m H<12m
n, = 40-80vg/ph | n, = 80-150vg/ph n, = 150 - ng = 300 - n, = 600 -
300vg/ph 600vg/ph 1000vg/ph

Ghi chu:
D, - duong kinh vao cua miéng gudng, m;
D, - diémg kinh trung binh cia chdn canh gudng & miéng vao, m;

Dy - diemg kinh trung binh cia chdn cdnh gudng ¢ miéng ra, m;

1.3.1.2. Phuong trinh co bdn cia bom ly tam (ly thuyét ciia gudng)

1. Chiéu cao &p luc Iy thuyét H, ., khi s cinh gudng I3 v6 tan: & day ta xét quan he
gilfa van 16¢ va chicu cao dp lyc v6i nhimng gia thiét coi nhu khong ¢6 tén that chit 16ng
vi 10 1i; 56 cdnh quat nhiéu vo tan véi chiéu diy khong ddng ké va chét 16ng khéng
bi nén.

Xét chuyén dong clia mot phdn tir chét 16ng ¢6 khéi lugng m di theo cdnh gudng tir
A 161 B (hinh 1.16).
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Hinh 1.16

Cic ky hiéu & day (hinh 1.16) nhu sau:
@ - vn t6c géc clia guéng, s~

¢, - van téc tuyét déi cta chét 16ng khi di vao gudng, m/s;
¢, - van tdc tuyét doi cha chat long khi di ra, m/s;

 u, - van t6c vong cua chat 1ong khi di vao, u, = or;
u, - van tdc vong cla chat long khi dira, u; = or,;
W, - van téc tuong d6i clia chat 1ong khi di vao, m/s;
W, - vin t6c tuong d6i clia chat 1ong khi di ra, m/s;
a, - gbc vio clia chat long (gdc gifia ¢, va u, );
o, - gbc ra chia chat long (géc gitia ¢, va u, );
B, - g6c nghiéng ciia cdnh gudng khi vao (6; = lﬁl );
B, - g6c nghiéng cta cinh guong khi ra ([;; = m );
¢,, - van toc hudng kinh hay hinh chi€u ¢, trén phuong ban kinh r;;
¢,, - van téc hudng kinh hay hinh chi€u ¢, trén phuong ban kinh 1, ;
¢, - van téc tiép tuyén hay hinh chifu ¢; trén v, ; '
C,, - van toc tiép tuyén hay hinh chiéu ¢, trén u,;

Theo dinh luat vé moémen dong lugng ta ¢ thé ching minh duge su bién ddi momen
dong luong ciia mot hé vat chat d6i véi mot truc quay & trong mot khoang thoi gian v
ciing nhé bing mémen xung luc clia cdc lyc bén ngoai tic dung len hé théng Ay cling
trong khoang thdi gian dé. Trong trudng hop nay ta c6 mémen dong lugng & cira vao la
mr,c, cosa, va moémen dong luong & cita ra [4 mr,c, cosa, . Goi momen xung luc la

M, thi nang lugng cda né s€ bang nang lugng cla cénh gudng truyén cho chét 16ng kht
chat 16ng di tit clra vao dén cira ra:

A  mgH
m(rc cosl, — LC, COSQ )—-M = ME e
262 2~ hG i t

w
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trong dé:
H,., - chiéu cao dp suat khi s6 canh guéng 13 o, m cot chat long;
g - gia tdc trong truong, m/ st

Nhu viy chiéu cao ap lyc ciia gudng khi cé s6 canh vo cuc la:

L3]
H = —(1,c, cosa, ~1,c, cosa, )

Vi or, =u, va or, =u; nén:

H,. :l(uzcz COS 0y — U C, COSL,) (1-64a)

Mat khic ¢, cosa, =¢,, Va ¢, cost, =¢;, dod6 ¢6 thé viet:

|
Hiwo :E(uzczu —u]c,u). (1-64b)

Day 1a phuong trinh tinh chiéu cao 1y thuyét clia gung dong khi s6 cénh la vo tan
(phuong trinh co ban clia bom ly tdm) — phuong trinh Euler.
Xét hai tam gidc vin toc tai vi trf 1 va 2 (hinh 1.16) c6:

1_ 2,2 R S S
Wi =uj +c¢i —2u,¢, cosa ; Wi =uj +C; —2U,C, COSU, (1-65a)

Giai hai phuong trinh nay réi thay két qua vao phuong trinh Euler s& dugc:

2
u, —u W, — W Cy —C
2 l+ 2 l+ 2 1

2g 2g 2g

H, =

11

(1-65b)

Chiéu cao 4p luc thudng biéu dién béng hai dai lugng thé nang Hy,,, va dong nang
H,.0q - nghia la:

Hlm=u§_uf P ] (1-66)
2 2g Pg
2 2
c c
Hys = 22g : (1-67)

trong d6: p, va p; - 4p suét chét long & ddu cénh (cira vao) va & dudi cdnh {cua ra).

Néu c6 thé cho chét 1ong vao gudng theo ding hudng bén kinh (o, = 90°) nghia la
van toc tuyét doi ¢, =¢,, thi tat ca thanh phin w,w, s& theo hudng ticp tuyén v&i cdnh
gudng. Nhu vay c6 thé tranh dugc hién tugng va dap, gidm bGt t6n that nang lugng. DO
Ia diéu kién khong ¢6 va cham & cira vao. Thudng ldy ¢, bing ¢, =2 —4m/s (c, - van
téc chat 1ong & miéng hit clia bom) va B, = 14 + 25°.
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Lic nay phuong trinh Euler ¢6 dang:

U,Cqy COS0Ly U,Csy,
H'I(:o = =
g 2

(1-64c)

Tir cong thiic nay cho thiy u, va c,, cang 16n thi H,, canglon (u; :% - phu

thudc vao dudng kinh gudng D, va vat i¢u lam guéng). Mudn thanh phin c,, cang l6n

thi géc o, phai cang nho, géc o, thich hop 1a 8 - 14°.

2. Chiéu cao dp luc thyc t& chitu cao dp luc thuc t€ nho hon chiéu cao 1y thuyét vi
s6 canh c6 han va c6 tén that thiy luc. Khi vao ranh gudng, chit 16ng gap ngay trg luc
ctia canh guéng nén cic goc o, va o, bi sai léch. Tén that &y goi 1a tén thit dp luc do
s6 canh ¢6 han. Anh hudng clia tén that trd lyc Lén chiéu cao ly thuyét dugce ké t6i nho
hé s6 tudn hoan K, xéc dinh theo cong thiic:

K= (1-68)

trong dé:
z - sO canh guong;
g - he s6: € =0,8 — 1 v6i bom ¢6 thiét bi huéng; & = 1,0 — 1,3 v6i bom khong cé
thi€t bi hudng.
Anh hudng tén that do ma sat thiy lyc duge tinh bing hiéu sut thiy luc
Ny =0,7-0,9. Nhu vay chiédu cao 4p luc thuc t& s& duge xac dinh theo cong thifc:

_ Knyuyepcosa, _ usg gk

H=KnH,.= (1-69)
g g
Xét tam gidc van toc § cira ra ta ¢ |
%  ritra c, :__ﬁﬁm_[}?___ (1-70)
sinP, sin{a, +B;) sin{cty +P,)
Thay ¢, tinh theo (1-70) vao (1-69) s€ co:
2 2
H= ——uz—ﬂiﬁz—— cosa, K1), ¥ (1-71)
gsin(c, +P,) 2g
2sinf, cosa,Kny

Pai luong y = = const goi 1a hé s6 chiéu cao 4p luc. D61 v6i

sin(o, +B,)

bom cao ap w =0,93-1,1; v6i bom thap dp w =0,7-1,0.
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\pnzD%nz
2g60?

_ nD,n

u, ,dodé H= =K n’D}.

2
O day K, = —2=
260

- = const cling 12 hé 6 chiéu cao dp luc.

Bai véi bom cao dp K| =(I,3+1,5).10"4; véi bom thap dp K| = (1,O+1,4].10_4

1.3.1.3. Hinh ddng cua cinh guong

Thuc t€ va ly thuyét chimg minh cho thdy, dé c¢6 hiéu suét cao cin cé gid tri f3,
thich hop, vi goc B, ¢6 anh hudng 16n dén hinh dang rinh guéng, dén van téc chat long
va céc thanh phan chiéu cao dp luc.

Cic mdy bom ly tdm c6 ba loai canh gudng: cong vé phia sau thi 3, < 90° (phan I -
hinh 1.17a); huéng kinh ¢6 B, = 90° (phan II - hinh 1.17a); cong vé phia trude ¢6 3, > 90°
(phan III -hinh 1.17a).

Trong san xuat, dang canh gudng vdi B, < 90° duge dp dung cho bom ly tam, con
hai dang sau chi dung cho quat gi6.

'
L Y -
Tued
H Mg l
Racd
Hp i
Sl
BT
Hpet = |
ul i \}
Y Ty
o al B
[‘2min BE: an BZmax :
B)
Hinh 1.17

Mic ddu céanh gudng quay vé phia trudc tao ra chiéu cao dp luc dong I6n hon (vi
¢, 16n) nhung khong duge dp dung trong bom ly tam. Céanh gudng quay v¢ phia sau tuy
tao ra ¢, nhd nhung chat léng di trong rinh guéng diéu hoa hon, qud trinh bi¢n dong
nang thanh thé ning nhe nhang hon, gidm bt duge ton that thiy luc va ma st nén dugc
ap dung rong rii. S6 cinh duge xac dinh theo cong thic:

z=6,5[r2+r1}sini31+l32 (1-72)

I, =1 2
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Géc B, thudng cd tri 86 15 - 30°, doi khi dén 50°. S6 canh gudng khoang 6 - 12, duodi
canh nay phti ddu canh (chan cénh) kia, bé day cinh & cira vao phai méng v c6 thé 1am
canh ngén lai. O hinh 1.17b 12 d6 thi bidu dién chiéu cao ap luc phu thude vao dang gudng.

1.3.1.4. Hé 56 phdn luc, hé s6 vén toc, hé s6 vong (lugn) khi ra ciia chét long

1. H¢ s6 phan luc K, 12 ti s6 gifta chiéu cao ap luc tinh hoc va chiéu cao ap luc

toan phan.
D&i véi gudng cb s6 canh vo tan:
_ Hjeo - Hyw, —~ Hina -1- Hyeod
Hiw, Hy.. Hye

Ky

Trudng hop ¢y =Cpn =€ thi Hyy =" =7
2g 2g

Cou

K, =1-
H 2u,

Vi ¢,, = U, —c,.cotgh, dodé:

K“ =1- Uy _CZTCOth'Z =1- _1___ c2rCOIgB2
2u, 2 2u,

Tir cong thic nay cho thdy géc B, cang 16n, hé s6 phan lyc Ky cang nhd, nghia la
ti 1& chia chiéu cao dp luc tinh cang nho. Bom ly tam c6 hi¢u sut’ t6t thudng cé
K,; =0,7-0,8, nghia Ia guéng tao ra Hy, =(0,7+0,8)H,, v Hyug =(0,2+0,3)Hjo-

2. He s van toc:

Van téc 1y thuyét cia dong chat 1ong tuong dng voi mot ¢ot cao ap suat H,; nao do:

v =42gHy, -

Ti s§ giita van t6c thue € (¢, u, ¢, )vavan t6¢ v, goi 1a hé s6 van toc:

=

=2 -k, - hésdvan toc vong;
v, _
C o n e p .
2t — k. -hé s§ van téc hudng kinh;
v

1

c . . v
~2 =k, - hé s6 van t6c tuyét dor.
VI

Néu sir dung hé s6 van téc s& don gian rat nhiéu trong qud trinh tinh todn may.

3. He s6 vong k, clla dong chat long 1a ti s§ gita thanh phin van tdc ¢y, va

T C
uz(tu'c lak, = uz“]
2
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He s6 k, ding dé thi€t k& hoiic chon quat ly tam, nghia 1a véi van t6c vong u, thi
tao ra duge chiéu cao 4p luc la bao nhiéu va truyén duge bao nhiéu nang luong cho khi
trong may. He s6 k, phu thuoc vao dang cénh quat ciia guong:

B,<90° thi k, = 2w < 1
Br=90°thi k, =28 =1,
B,>90°thi k, =24 > 1,

1.3.1.5. Guong dong ciia bom ly tém

Cac 56 li¢u dé tinh guéng dong 1a: ning suét clia bom Q, chiéu cao dp luc H, sg
vong quay cla gudng n, gié tri clia cdc van toc (¢, u, ...) va céc g6c cha canh.

Chicu cao dp lyc clia mot gudng tao dugc thudng 1a 20 — 40m. Chiéu cao ap luc
chinh xdc can dugc x4c dinh theo hé s6 quay nhanh, réi can cit vao chiéu cao ap luc can
thi€t clia bom ma xdc dinh s& cap.

Cong suft clia dong co bom chon cén ¢6 hé s6 du trit K (tra theo bang 1.8).

Bang 1.8
Cong suit bom, Heé s6 du triv Cong sudt bom, He s6 du trit
kW K kW K
bén 2 2 bén 25 1.2
bén 4 1,8 bén 40 1,15
Bén 7,5 1,6 Cao hon 40 L1
bén 15 1.4

Can cif vao cong sudt dong co va s6 vong quay c6 thé xdc dinh duoc dudng kinh
truc bom theo cong thifc:

d, = m‘cm (1-73)
\f Tyepl

trong dé: 7., - ing suit xodn cho phép ciia vat liéu 1am truc, N/ cm® .
Chat long vao gudng theo tiét dién vong:

F - D}  nd _Q
Y 4 4 nvcl

(1-74)
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trong dé:
d,, - dudng kinh ngoai cha bac gudng: dy, =d, +(1,5+3), cm, d, dugc kiém tra bén;
¢, - van toc vao gudng, ¢, =1,5+3m/s;
1, - hiéu suat thé tich cla bom;
Q - luu luong bom, m>/s.
D, - dudng kinh miéng vao gudng, m.

Tir (1-74) ¢ thé xdc dinh dugc dudng kinh miéng vao gudng:

D, = / 42 m (1-75)
nvcln

Vian téc vong & miéng vio gudng xéc dinh theo cong thic:

D
u = n66n , m/fs

Géc nghiéng B clia cdnh & miéng (clra) vao tinh theo cong thic:

tgh, = (1-76)

u,

Pudng kinh ngoai D, cha gudng dong la:

D, =(1,5+2,5)D;, m. (1-77)
Van toc vong & miéng (clra) ra clha gudng:
nD,n
un, = , m/s 1-78
=760 / (1-78)

Chon P, trong khoang 14 — 60° (thudng 14 20 — 40°). 86 cénh xdc dinh theo cong
thic (1-73) va tinh he s6 tudn hodn K theo cong thirc (1-68), rdi can cif vao ciu tao
gudng chon hiéu sudt thiy luc 1, . Sau d6 xdc dinh a, theo cong thic:

2
tgat, = (M - l}tgﬁz (1-79)
¢H

Gid tri cha o, phai nam trong gidi han 8 — 15°. Néu o, nam ngoai gidi han nay thi
phii thay déi p,.

Chiéu rong clia gudng & miéng vao va ra xic dinh theo cong thiic:
Qk;

b, = ———
i D
n,¢; sina,;wD;

m (1-80)

trong do:

i - chi s8. Vi miéng (cla) vao la 1, véi miéng (ciura) ra la 2;

58



C; - van toc twong Gng & cdc miéng (clra);

@; - goc giifa cdc van toc ¢; va u,;

My - hiéu suat thé tich;

k; - hé s6 tinh dén dnh hudng cta chiéu day cdnh: k. =1,1-1,25;
D; - dudng kinh guéng & cac miéng, m.

Gid tri clia c; xdc dinh theo cong thifc ( 1-70). Trong trudng hop nay canh guong cé
dang cung tron va duge xay dung nhu & hinh 1.18a.

1.3.1.6. Thiét bi huong

Thi€t bi huéng 1a bo phan clia bom, diing dé tap trung chat long sau khi di ra khoi
guong dong, bién tir dong nang sang the nang, giam bét va dap thiy luc, réi chuyén vao
cdp sau hoic theo 6ng ddy ra ngoai.

C6 hai loai thi€t bi huéng: gudng huéng va ranh xodn dc.

I. Gudng hudng: c¢6 cau tao gidng nhu guéng dong, nhung cdc cénh cong theo
huéng nguge lai. Hai dia vanh khan cia gudng hudng c6 thé dat song song véi nhau,
hodc ¢6 thé m& ra véi géc khong qua 12° dé chat 16ng khong tach khdi thanh gudng. Dia
c6 thé cdu tao lién hodic riv. Guéng hudng thuong ding nhiéu trong bom nhiéu cap.

Trong gudng hudng phai c¢6 sir dsi Xing giita cdc dong chait 16ng & cdc rinh guong
thi méi khong xuat hién luc hudng tim. Mudn vay, cinh guéng hudng phai ¢6 cau tao
theo phuong trinh logarit dé chat 1ong ty do chuyén dong trong ranh.

SG6 cdnh clia gudng huéng thudng chon z, =z+1 (& day z 1a 36 cénh ciia guong dong).

Céc kich thuéc chia gudng hudng (hinh 1.18b) 1a: )

- Ban kinh miéng vio t; =, +(2 +3)mm;

- Ban kinh miéng ra 1, =(1,4+1,5)r;, mm;

- Chiéu rong gudng ing véi ban kinh r, 1 b; =b, +(1+1,25),mm;

- Chi¢u day canh 8 =1-4mm (& miéng vio);

- Gdc a; 1a géc gitta ¢, va phuong vong va oy =aj ;

- Gée a, la géc giita ¢, va phuong vong va:

t . . .
tga, = bytgay (diéu kién dong lién tuc).
80y

3
Géc a; chinh 1a géc thue giita van téc tuyet d6i c) ciia chat long khi ra khoi gudng
dong va phuong vong. Chinh vi s6 cénh ¢6 han nén o khong tring véi o, ma duge
xdc dinh theo cong thiie:

|

trong d6: K - hé s¢ tudn hoan, ké dén s6 canh c6 han va xic dinh theo cong thitc (1-68).
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Hinh 1.18

Dé xac 1ap dang chia cdnh gudng hudng ta tim phuong trinh mo ta qu§ dao ctia mot
phén tit chat 1éng c6 khdi lugng m. Gia thiét ring o=, =a, (coi nhu b, =b,) thi
dudng di ciia khéi lvong m sau mot thai gian vo cling nho dt 1a:

- Theo phuong vong: dS =rd¢ = ccosa,dt ;

- Theo phuong ban kinh: dr = csina.dt.
ds _rde 1

Lap ti s6: —
dr dr tgo,

rit ra: d =tga,d¢ . Lay tich phan hai v€ ta ¢é:
r

fodr ¢ T
I— =tgoL, Id(p , nghia la In— = ptga,.
r o B

Nhu vay phuong trinh mo td dang canh gudng la:
(p:{lnllcotgoc_3 (1-81)
I

D6 1a phuong trinh logarit xoén 6c. Néu ta thiét k& canh gudng hudng theo diing
phuong trinh nay thi cdc phin tir chdt 16ng khi chuyén dong s& khong gay dp luc lén
thanh ranh.

Khi tinh toédn can chii ¥ sao cho vén t6c gidm tir ¢; xudng c, (=c, ) la van téc vao
clia cdp sau (hodc 6ng ddy). Kh4 nang chuyén déi nang lugng clia thiét bi hudng cé thé
xdc dinh nhd phuong trinh Bécnuli:
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2
&+§=&.+E.i_+kh(cz—c4)
pg 28 pg 28 2g

trong dé: k, =0,2 12 hé s6 tén that nang luong cha thiét bi huéng cé tinh dén tén that dp
suat do ma sat.

Ap suat dugc chuyén déi sau khi qua thiét bi hudng la:

2
h=PaPs _ C:Zf. —Ci _0,2(03—04)
PE 2g 2g

,m (1-82)

2. Thiét bi hudng loai rinh xoan &c: rinh xoin 6¢ 12 mot rinh md rong rat déu (hinh
1.19a) va c6 thé c6 nhiéu dang tiét dién khac nhau (hinh 1.19¢). Nhiém vu cha yé&u cia
rdnh xoan Gc 1a tap trung chat long réi ddy ra ngoai, ngodi ra ranh xoan &c ciing ¢d tic
dung bién doi dong ning sang the ning.

)
Hinh 1.19

Bom ¢6 ranh xodn 6c¢ khi tam viéc ¢6 thé chiu téc dung cha luc hudng tam lam truc
bi cong vd mon 6 twa. Luc hudng tam xuat hién la do rinh xoén 6¢ khong phai 13 mot
rinh do6i xing véi truc quay cla gudng dong. Khi luu lugng gidm, 4p sudt & doan dau
dng xoén &c s& giam, lam xuat hién luc hudng kinh R, . Khi luu lugng ting, ap suat &
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phédn réng s& tang hon phan hep lam xudt hién luc hudng kinh R. Dé khir cdc luc nay
ngudi ta thudng lam rinh xodn 6¢ kép (hinh 1.19b). Bat c rinh xodn 6c nio ciing phai
theo ding dinh luat lién tuc, nghia la:
L,C;, = const =<:=EE (1-83)
©

D& van 16c phin b déng déu, dé 16n ciia khe hé gitta guéng dong va vi tri ban diu
cila ranh xoéan &c (hinh 1.19d) 1y bang e =1, —1,; v6i 1, = (1,03 L,0S)x, .

Chi¢u rong b, tuong ung véi 1, 1a: b, = b, +0,1r, . Nhiém vu chil yéu khi tinh rdnh
xoan e 1a xdc dinh dién tich tiét dién cba né. Luu lugng qua méi tiét dién ti 1é thuan véi
gbc ¢ tam 6 . Nhu vay luu lugng qua tiét dien AB c6 dién tich F 1a:

_9Q _8Q ]
Qi_sﬁo_zn’m/s (1-84)

trong dé: Q - luu lugng thyc &€ & 6ng ddy, mS/s.

Luu luong qua ti€t dién AB c6 thé biéu dién theo cong thic khac nhd phuong trinh
lién tyc:

R
Q= fe,bdr=c [2 (1-85)
r

trong d6: b - chiéu rong cla rinh phu thudc vao ban kinh.
Phdi hop hai pheong trinh trén ta duoc:

R
g = 27c rbdr (1-86)
Q- r
Neu bi¢t quy luat bién déi cta b = f(r) thi trén co s& hai cong thitc (1-85) va (1-86)
ta c¢6 thé 14p phuong trinh dé xay dung ranh xodn 6c. N6i chung tinh rinh xo0dn 6c c6 tist
dién khong tron mat rat nhiéu cong. Néu tiét dién trdn ¢6 bén kinh 1a:

2 (bY
o =(1-R,) +[_]
2
thi khi thay b=2,/p’~(r~R,)*, 1, =R, ~p vi R=R, +p vio cong thiic (1-85) rdi

bién dai, it ra dudc:

6 [20r,

p=2s wsi k= 120me _ 720ngH

k Q ®

(1-87)

trong d6: H - chiéu cao dp luc, m;
k - hé 50, mz/s;

p- - bdn kinh tiét dién rinh xoén 6c¢, m.
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1.3.1.7. Su phu thugc ciia Iuu lugng, chiéu cao dp luc va cong suGt bom vao si
vong quay

Ngudi ta da xdc dinh dugc cdc quan hé giita luu luong Q, chiéu cao dp luc H va
cong suat N cia bom ly tam c6 s6 vong quay n voi luu lugng Q, ., chiéu cao dp lyc H,
va cong suat N, ciing cia bom nay khi ¢ s6 vong quay n, la:

Q n H n® N

Q, _n]’ H, nlz’ N, nf
Cdc quan h¢ nay goi Ia dinh ludt dong dang chia bom, cho bigt vy lwgng ctia bom ti
1€ bac nhit, chiéu cao 4p luc ciia bom ti 1¢ béac hai va cong suat clia bom ti 1€ bac ba véi
$6 vong quay ciia bom.

1.3.1.8. Ddc tuyén Iy thuyét chinh ciia bom Iy tdam
Tix cong thitc (1-64¢) sau khi bign déi ta c6 the rit ra:

2
H,, = 22 _ Qcotgh, (1-64d)
g gnh;b,
Duong thing biéu dién méi quan h¢ phu thudc giita chiéu cao 4p luc H,,, valuu luong

Q theo cong thitc (1-64d) goi 1 dac tuyén Iy thuyét chinh cta bom ly tam (hinh 1.20a).
1.3.1.9. Ddc tuyén thiét ké ctia bom ly tam
D€ xay dung dic tuyén thi€t k€ H — Q (hinh 1.20b) truée hét phai tinh dén s6 cdnh
guéng ¢6 han (chiéu cao ap lyc chi con lai 1a H,, ), cdc t8n that thay luc 6 guéng dong va

& thiét bi hudng (dudng cong h_ ) va cudi cing Ia tén that do va dap thiy lyc (dudng
cong h, ).

1

2
u.fg
/

kuzzfg
/

a}

Hinh 1.20
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DE vé diic tuyén ngudi ta quy uéc chi dung loai bom ¢6 goc B, < 90°. Chiéu cao ly
thuyét khi s& canh ¢6 han xéac dinh theo cong thic:

H, =KH,, . m (1-88)

Tén that do ma sat thily e x4c dinh theo cong thic:

2
hms=(1_nn)Hu(_g] , M (1-89)
le

trong do:
Q - lvu luong, m3/S;
Q,, - luu luong lam viéc tmg vdi higu suat cyc dai, mR/S-

Tén that do va dap thiy luc (vi tao thanh cdc xody va hién tugng dirt quing dong
chat 16ng) x4c dinh theo cong thirc:

: 2 2
h, = s uf+(—K££l] [1— Q ) ,m (1-90)
2g D3 Q].v
trong do:

K, - hé s6 thuc nghiém lay bang 0,6 — 0,8;
D, - dudng kinh nhd ctia gudng hudng, D,=D,+2+6, mm.

Sau khi xay dung céc dudng cong tén that, cong cdc dudng cong s&€ duogc dac tuyén
thuc 1€ ca bom.

1.3.1.10. Pic tuyén thuc cia bom ly tdm

Dic tuyén thyc clia bom ly tam (hinh 1.21a) xay dung theo két qua cua qua trinh thu
bom. Muc dich thir bom la dé xac dinh dugce ba thong s6: huu lugng Q, chiéu cao dp luc
H va cong suéit N dng véi s6 vong quay n khong doi.

Luu lugng thudmg duge xéc dinh bang cdch do tryc tiép (thiing) hodc gidn tiep (tit
luu dp suat). Chiéu cao dp luc do bang 4p k& hoac chan khong k€, con cong suat do bang
cdc dung cu dién (0dt k&, von k&, ampe k€). Tit cic s6 ligu trén ta xac dinh duge hiéu
sudt cua bom.

Diém / (hinh 1.21a) tmg véi luu lugng Q = 0 va cong suat bom 1a nho nhdt N ...
Diém 2 img v6i chiéu cao 4p luc cuc dai H,,, goila diém t6i han. Poan / —- 2 la vung
lam viéc khong én dinh, tir diém 2 vé phia phai bom s& 1am vi¢c on dinh. Piém 3 dac
trng bang hiéu sudt 1, vacic irisé Q. Hy goi 12 tri 56 1am viéc. Pi€ém 4 iing Vi
Q,..., H=0 va tai day cong suat N tang lén qué cao c6 thé 1am chdy dong co.

~ Dic tuyén tdng hop (hinh 1.21b) s& cho ta chon dugc cdc tri 38 can thict dé xéc dinh
‘ché& d6 lam viéc ciia bom.

64



50 <
QY A 4\‘0
z MRSV S
> n;=960 f / é‘\f%
n,=880 S
:[ 0 =800 [ 2 g ?;@g
08 | ;=720
ost e <
04} | &
| 10 N
L L L - 3
0 100 200 300 Q,msfs 0 100 200 300 Qms
a) b}
Hinh 1.21

Dic tuyén t6 hop la do thi két hop cic duding cong 1am viéc vdi s6 vong quay n khdc
nhau. D€ xay dung dé thi ta cin biét quan he phu thudc Q - H va 1 - Q d6i véi cic s6
vong quay khac nhau. Néi chung nén chon bom c6 ché d6 1am viéc ndm trong viing cé
hiéu sudt n 20,80, .

1.3.1.11. Ddc tuyén chung ciia cd hé thong

L. Pac tuyén cla dudng 6ng: nhu trén da biét cot cao dp suat toan phdn cdn thi€t
duge xéc dinh bing cong thic:

2 2
P2 ~P; Yo TV
H,=—+7,4+2,+>h +Yh, + , M
m pg 1 2 Z | Z 2 2g

trong dé:

z, - chiéu cao hit, m;

z, - chiéu cao ddy, m;

2 h; - tén that thiy lyc trong 6ng hiit, m;

2.h, - t6n that thiy luc trong 6ng ddy, m:;

V.V, - van téc & phia hiit va phia ddy, m/s.

Mat khic c6 thé viet: H=H, +H,,m:

hoic la: H,, = const + kQ? (1-91)
trong do:

. Hy - chiéu cao dp luc tmh: H, = Pamhiy zZ, +Z, =const
Pg

22
H, - chiéu cao dp lyc dong: Hy =Y h, +3 h, + V2~V
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Puong cong biéu dién quan hé H_ —Q theo cong thirc (1-91) goi 14 dac tuyén cla
duomg ong dan (hinh 1.22a).

2. Do thi phéi hop dic tuyén clta bom va clia dudng 6ng dan (dac tuyén lam viéc): d
bat cif ché€ do 1am viéc ndo bom ciing déu ¢d thé cung cip nhiing lugng nudc khdc nhau,
phu thude vio ap suat tao ra dé thing cic trd luc. Cho nén H v Q khéng nhitng phu
thude vao dang bom ma con phu thudc vao dac tinh cta dng dan.

Ché& d¢ lam viéc thich hgp véi bom khi bom tao ra chiéu cao dp sudt H=H,,, luu
luong Q = Q,, va phit hop véi diéu kien n_. . Diém A (hinh 1.22b) biéu didn haj dai
lugng H,, va Q,, la giao diém cha dic tuyén bom va dac tuyén duong 6ng din. Diém
A, cho Q>Q, nhung H giam vi H,; giam, c¢é nghia la giam tr& luc cia mang. Nhu
vay mudn ting Q thi phai thay déi dic tuyén cua dudng ong dén, nghia la thay H_,
H_, hoic la thay déi dac tuyén clia bom nhd bi¢n ddi s6 vong quay n clia né.

Khong duge phép cho diém lam viéc (giao diém cha dac tuyén bom va dic tuyén
dudng 6ng) & ving lam viéc khong én dinh (doan 1-2).

3. Lam viéc cia nhiéu bom trong hé thdng bom: trong thuc t€, ta thudng gip trudng
hogp c4n thiét phai 1ap nhiéu bom ciing 1am viéc trong mot hé thong bom. C6 nhiéu cach
lap va ¢6 thé lip nhitng bom cé dac tinh khac nhau:

a) Ldp song song: c6 thé hai hoac nhiéu bom ¢é cing mot dac tuyén hoac dac
tuyé&n khdc nhau lap song song. Lap song song khi cdn thiét gitt nguyén 4p suat va tang
fuu luong.

D6 thi (hinh 1.22¢) cho thay:

A, - diém lam viéc riéng 1é cha méi bom tng v6i Q, va hiéu sudt 1, ;

A, - diém lam viéc cha hé théng bom (gém hai bom gidng nhau) ing véiQ, ,
\?a nmax b

G day Q,, <2Q,.1i 6 2Q,/Q, , s& cang lén vi cang gin i diém 2 khi dic tuyén

cla dudng ong cang thoai. Nhu vay la dic tuyén clia hé thong ong din phai thoai thi
méc song song mdi cé loi;

b) Lap n6i ti€p: duge thue hién khi cdn thiét ting 4p suat. Khi 1dp néi tiép hé bom
cho ta dp suat 16n. Téng dp sudt phu thudc vao dac tuyén cha hé théng dng dan. Pic
tuyén ndy cang ddc thi dp suat cang I6n va lap néi tiép cang ¢é loi. Dic tuyén phdi hop
trong trong hop lap néi tiép hai bom thi giéng nhau (hinh 1.22d);

¢) Lam viéc song song cua bom ly tdm pitténg: bom pitténg lam viéc khong phu
thugc vao dp sudt nén dic tuyén 1a mot dudng thing (QP). Muén ¢é dic tuyén téng hop
ta chi viéc tinh tién dic tuy€n ciia bom ly tim v€ bén phdi mét doan bing Q,. Nhu vay
Q, +Qy >Qy, nhung Q, (luu lugng bom pittong) khong thé gidm duge, nén phén giam
nay phu thudc vao bom ly tam (hinh 1.224).
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Hinh 1.22

1.3.1.12. Ap luc chiéu truc (luc chiéu truc)

Ap Iuc chiéu tryc 13 luc tao ra do sir chénh léch giita dp sudt trude va sau guéng
dong. Hudng cia luc doc theo truc bom va cé chiéu tir phia sau ra phia trudc gudng dong.

Ap luc chiéu truc néu khong dugc cin bang s& dua dén cic hién tuong 1am x¢ dich
gudng dong, mon 6 dd, ma sat giita gudng va thanh bom, lam hdng hop dém, ting ké hé
gilra vo va guéng. DE khac phuc luc dé ta cdn bigt tri s6 dp Iuc chiéu truc.

Phan dién tich gudng dong dugc can bang luc (hinh 1.23a):
_ i 2 2
Fch_4(D2 D())’m
Phén dién tich guéng dong khong duge cin bang luc:
Tim2 g2 2
F=—[D.,—-di}, m
4 ( 0 b)
Ap luc chiéu truc sé& Ja:

2

R, =F(p; -p} ) =7{Di -4 ){ps -p ). N (1-92)
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trong do:
D, - duong kinh ngoai ctia gubng, m;
D, - dudng kinh trong cua gudng, m;
d,, - dudng kinh bac clia guong, m.

Néu bom nhiéu cidp (n cap):

R,=> R; N (1-93)
i=1

Hinh 1.23

Thuc t€ 4p suat p), giam dan theo chiéu huéng tam do gudng quay nhanh.

Dudi day 13 mot s& phu: ing phap khir lyc chieu tryc:

1. Khoan 16 nho phia sau guéng dong (hinh 1.23k) d€ gidm 4p suat, nhung phuong
phap nay chi ding cho bom mét guéng. Phuong phap nay don gian nhung ¢4 nhiéu
nhuoc diém: nang sudt va hiéu suat giam.

2. Lam 6ng dén tir phia sau gudng nguoc trd lai cira hiit, phuong phdp nay ti¢n hon.

3. Lam gudng dong kép, dén chit idng vao tlr hai phia.

4. Dung dia khir lyc (hinh 1.23c¢): phuong phap nay t6t nhat vi tr dong can bang luc
chiéu truc nhung phu thudc vio ap sudt hodc luu lugng. Dia dat @ phia sau gudng tao vdi
than bom thanh phong nhd a. Khi dp sudt tang nudc chay qua khe b’ vao phong b. Ap
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suat p, ddy gudng vé bén trdi kéo theo dia. Nhu vay khe hd b' giam, trong khi d6 chat
léng van ti€p tuc vio phong a, dp sudt tang va tao ra mot luc tuong duong véi luc chiéu
truc kéo gudng tr& lai vi tri ban ddu.

5. L.am bom nhidu guéng c6 cira hit d6i ximg: vé cin ban né gidng nhu bom c6
gudng kép.

1.3.1.13. Hién tuong xdm thuc

Khi 1am viéc chat léng chuyén dong vao miéng bom phia trude gudng dong la not
c6 4p suat tuyét doi thip. Néu dp suat o day dat duGi dp sudt soi & nhiét do¢ lam viéc thi
chat 16ng s& chuyén sang thé hoi, dong thoi céc khi hod tan cling tich ra khoi chat long.
Tiép dé chat 16ng vio gudng roi s€ lén dng ddy. Nhung dp suat khong ¢ dinh ma ludn
luon tang. Ap suat tang, hoi s& ngung tu va khi lai hoa tan. Phan thé tich cua béng hoi va
khi s& bi chét 16ng dén vao nhanh chéng dat dp sudt khodng 100 — 1000at. Hién tugng doé
tao ra va dap thity luc, bao mon nhimg phan kim loai ¢6 cau tao khong chic, giy st dn mon
nhiét va dién hod hoc. Kém theo d6 con gay ra rung dong, 6n do va cham trong bom, lam
giam hiéu sut bom. Déi véi bom cao ap (thép) xam thyc tao ra ranh phing va nhan.

Nguyén nhén cla hién tuong xam thuc la:

1. Van tS¢ cuc bo ciia chat 1ong tang trong rinh gudng.

2. Clra vao hep vi ¢6 chiéu day clia gudng.

3. Tr& luc gay ra do mit chi ti€t khong nhan.

4. Ap sudt va van t6c phan bé khong déu vi luc ly tam.

5. Sy thay d6i huéng chuyén dong cua chét léng & 6ng hit.

6. Chiéu cao hiit qua 16n.

7. Ap sudt khi quyén qué thap so vdi binh thuong.

Tha tién han hién tugng xam thyuc 1a khong duge nhung cd thé 1am giam bt bang
cdc phuong phap: 1am canh trdon & nhing phén nhé lén; mép vao cha canh gudng nén
lam tron va mong; gidm van tdc ¢, va W dén cuc tiéu bing cdch tang chiéu rong rinh
gudng; ong hit nén lam rong, ngan, it ché véng; nhiét dé lam vige khong cao qua nhiét
do soi ing véi ap sudt khi; khong cho chay qud tai 25% luu luong cho phép.

Néu tat ca cic phuong phdp trén khong dat yéu cau thi ¢6 thé thay vat liéu lam bom
bang thép khong gi hodc dong thau.

1.3.1.14. Chiéu cao ddt bom

Do hién tugng xam thuc nén phai giéi han chiéu cao do hit. Chiéu cao hiit giGi han
tinh theo cong thirc:

2

pi pt Vl

2y S| 2 b F = +h |, m (1-94)
'™ pg [pg ' 2g ']
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trong d6:
p, - 4p sut & bé hit, N/m? ;
p, - ap sudt hoi biio hoa cua chat long dugc van chuyén & nhiét do hut, N/ m? ;
S'h, -téng trd lyc trén dudng hit, m;
v, - van téc trong 6ng hit, m/s;

h,, - tén that tinh dén hién tugng xam thuc; h,, duge xdc dinh theo cong thic:

hy = {———5’622‘/6 ]A , m

C - hé s6 xam thue, C = 500 — 1000.
1.3.1.15. Diéu chinh bom

Diéu chinh bom nhim lam thay ddi nhiing thong s& co ban clta bom (4p sual va luu
lugng), gdbm céc cach diéu chinh sau:

1. Phuong phap tiét luu trén Sng ddy biing céch déng m& van chan — thyc chét la lam
tang tr& luc dong chat 1ong. Khong nén tiét luu trén ong huit, vi nhur vay dé gay dit doan
dong chat Iéng. Chi tiét luu trén ong hut khi ndo chicu cao hit z; cd tri s6 am.

2. Thay déi s6 vdong quay cha bom.

3. Lam hep rinh guéng dong bing cach xoay (thay ddi géc do) —canh gudng (chi dp
dung cho bom 16n).

4. Thay déi goc do thiét bi hudng (v6i bom 16n).
5. Cho mét it khong khi 14n vao dong chat long.
6. Dan chat 1ong ngugc lai 6ng hit (dling cho hé thong).

7. Néu 12 bom nhiéu cép thi chuyén tir lam viéc noi ti€p sang lam viéc song song.
1.3.1.16. Cdc chi tiét chu yéu cia bom Iy tdm

1. Truc bom ly tam ché tao bing thép cdcbon chit lugng t6t, hoac bing thép hop
kim. Trong trudng hop thép khong chiu duoc an mon hodc nhi¢t dé lam viéc thi nén
ding déng thanh hoac boc dong thanh (thi du bom vén chuyén oxy 16ng). Tinh todn
truc theo bén xodn nhdt cong thic (1-74) va kiém tra 6n dinh vé dao dong cua truc
theo cong thic:

hoéac;

n<0,7n, néu "<nm} (1-95)

nz1,3n, néu n>ny,

trong d6: ny,- SO vong quay t6i han (van toc t6i han) cia truc va dugc xdc dinh theo
cong thiec:
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ng = 300\/%, vg/ph (1-96)

m - khéi lugng clia gudng dong va cla truc, kg;
k - do ciing cia truc tai noi mac guéng dong;
3BVl +1)

gflzfg (1-97)
E - médun dan hoi cla vat liéu 1am truc, N/m2 :
J - mémen quén tinh cta ti€t dién truc tai noi mac gudng dong, m*;
/,,1, - khoang céach tir cdc 6 d& dén gudng dong, m;
g - gia tdc trong trudng, m/s2 i
Néu la bom nhiéu cap thi k ¢6 thé xdc dinh theo cong thifc:
k= 384}? (1-98)
5gl

trong d6: ! - khodng c4ch giita hai 8 da, m.

2. Guéng dong cia bom thap dp (u, <35-40m/s ) c¢6 thé lam bing gang, v&i bom
ap sudt cao thi lam bang d6ng thanh va thép. Loai gudng bang déng thanh cé van tdc
vong u, t6i 80m/s dé gia cong, it ma sét thiy luc, chdng mai mon va chéng 4n mon
16t. Guong c6 hai loai: gudng hd khong ¢6 dia trude va guéng kin ¢6 ca dia trrde (nghia
la ¢6 hai dia). D 1a gudng hé hodc gudng kin thi déu diic lién khét v6i ciac canh gudng.
Chiéu day dia gudng cang vé phia truc cang 16n.

Vin t6c vong cuc dai cha gudng xdc dinh theo cong thic:

98, 1o,
umax = L . m/S
p

p - khéi lugng rieng ctia Iem® vat lieu, kg/em?;

trong do:

o, - ing sudt cho phép cia vat liéu 1am guéng, N/cm’.

3. Hop dém bit kin vé tai cho truc di qua (hinh 1.24a): gém vd hop dém 3, trong d6
¢6 cdc dém 2, d€ hop dém / d€ it khong cho dém chui vao bom va bac chén 4 dé ép
cac dém tao nén ap suat bit kin.

Hop dém & phia hiit thudng ¢6 dudng dua nudc vao d€ tao ra van thiy luc, tang
cuong bit kin khong cho khoéng khi lot vao.

4. V6 bom mot cap cé bién dang xodn 6¢ (hinh 1.19), con & bom nhiéu cap thi chi
c6 vo cdp cudi cung méi c6 bién dang xoan &c, vi chdt 1ong chi cdn qua gudng hudng rdi
truc ti€p vao khong gian vanh khin dé din téi cap sau.
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Hinh 1.24

V6 cdc bom hién dai thuong gém hai nlra: nira trén va nlta duéi, v6i mat phan cich
nam ngang di qua truc bom. V6 bom nhiéu cdp tao thanh tir phan v ctia timg cap phan
cdch theo mat phang thing ding va dugc ghép véi nhau bing cic bulong gidng song
song vdi truc bom. G méi mot cip ctia bom cin phai ¢6 mot van nhd & ché cao nhat dé
xa khi bom va mot van nho & ché thap nhat dé xa nuéc (hodc chat 16ng) khi dimg bom lau.
Gitra vo bom va guéng dong c6 céc khe bit kin khiic khuyu (hinh 1.24b, ¢, d, d, e, g).

1.3.1.17. Quy tdc lap ddt va van hanh bom ly tam

Khi lap dat va van hanh bom ly tam cin tuan theo cdc quy tic sau:

1. Truc bom phai nam ngang, néu khong truc sé léch.

2. Néu bom néi tryc ti€p véi dong co thi truc bom va truc dong co phai déng tam,
n€u khong tiéu hao cong trén 6 d sé rat 16n, 6 dd sé néng va chéng hong.

3. Néu bom dugc truyén dong qua cic bo truyén thi cdc truc cla ching phai song
song véi nhau.

4. Cac bulong b¢ chi dugc xiét khi dung dich ximang da dong ciing.

5. Bém trong cic hop dém phéii mém va duge thaim mudi dau.

6. Moi bom qua phéu c6 van nho dat & ché cao nhat trén than bom. Dé don gian ¢6
thé n6i vao dé mot dudng 6ng chit 1ong va din chat 16ng t6i moéi qua dudng nay, nhung
van phdi c6 phéu dé kiém tra xem bom da dugc moi that chua, dudong hit va bom c6
kin khong.

7. Quy tac trén sé khong thuc hién khi bom dat duéi mic chét 16ng. Trudng hop nay
mudn moi bom chi viéc md van hit.

8. Trén dau 6ng hiit can dat xupdp ti€p nhan va ludi tiép nhan.

9. Dudng kinh 6ng hit khong dugc nho hon dudng kinh miéng hit clia bom, néu
ong hiit ¢6 dudng kinh 16n hon thi cdn ¢6 doan chuyén tiép.

12



10. Van hiit chi can thiét khi bom dat duéi miic chat 16ng, ma nhat thiét phai [a loai
van tim chan.

11. Pau 6ng hit phai dat sau dudi muc nudc it nhat 0,5m va ciling dat cich ddy
thung it nhat 0,5m (néu cé thé).

12. Chicu cao hiit xdc dinh theco cong thic (1-94),

Khi van chuyén nu6c lanh, chiéu cao hiit cling khong dugc qué 6 — 7m.

Khi nhiét 46 nuéc cao hon 60°C thi chiéu cao hiit z, thudng cé gid tri am, ¢6 nghia
1a bom phai dat thdp hon miic chat 1ong véi gid tri z, da tinh dugc.

13. Néu 6ng hiit tao thanh tir nhitng doan ng riéng biét thi nén ndi ching bing han
hoic bang bich ché tao chinh xdc.

14. Phai b6 tri 6ng hit luon tuon hudng 1én vé phia bom, khong nén c¢é doan nim
ngang va tuyét déi khong duoc c6 doan di xudng, vi § day s€ la ndi tao ra cdc béng khi
lam dit dong chat long.

15. Néu 6ng day ngan thi chi cdn ding loai van ddy kiéu tdim chan. Néu dug ddy dai
thi can thém van mot chiéu sau van ddy, ngodi ra phai c6 mot dudng vong qua hai van
nay ma ¢ trén dudng vong chi bé tri mot van tdm chén phu.

16. Bom khéi dong theo thit tu: mdi bom; déng van ddy; dong dién (cho bom chay);
dan ddn m& van ddy phu & dudng vong (néu 8ng ddy dai); md van ddy chinh; déng van
day phu (néu 6ng ddy dai).

17. Dau boi tron ¢dc 6 d& 1a ddu xilanh d3 duge loc so bo. Sau 10 — 15 ngly cén thay
dau hoan toan va rira cdc 6 d& biang dau hoéa.

18. Can dinh ky thdo bom dé lau chii, truée khi 1ap cén béi tron cdc bé mat ¢é
chuyén dong twong doi va bé mat bén trong rdnh xon 8¢ can quét son, nhua dudng.

Céc sai s6t ciia bom ly tam trong qué trinh 1am viéc va nguyén nhan sinh ra cic su
cd nay cho & bang 1.9.

Bang 1.9

Su cd Nguyén nhan

56 vong quay khong di; khong mét bom va dng hat trude khi
Bom khong cung cap chat | chay; Iudi ti€p nhan bi ket; xupdp ti€p nhan hd; bom chia mot
1ong phdn hoac chita diy khong khi; 6ng hit va hop dém khong
kin; trd lye éng bt va 6ng ddy rat I6n; van diy bi déng; bom
dat qud cao

Lic ddu bom cung cap chat | Ong hut khong kin; hop dém khong kin; tic ong va tic bo
long, sau do giam dan, c6 khi | phan ti€p nhan; guéng dong chuyén dich chiéu truc; cdc van
giam tdi khong (0) md khong hét; dién thé bi sut; dai bi trugt (khi ¢6 truyén dong
dai); nhiét do chét 16ng duge van chuyén bi ting lén.

73



Bang 1.9 (ti€p theo)

Su ¢co Nguyén nhan

Ngbng truc bi vudng trong 6 d&; truc bom c6 do véng 16n va
Bom tiéu thu cong suit qud | Buong dong bi vuéng vo; dia thdo tii khong lam vige; huc
miic chiéu tryc rédt 1n do 4p sudt chiéu truc Idn; cic bo phan ben
trong bom bi vudng

Bom khéng dat chiu cao 4p | S8 vong quay khong di; gudng dong va cic vdng bit kin bi
Iuc cén thiét bao mon (¢ khe bit kin khic khuyu)

Bom rung dong khi lam viéc | Bulong bé bi y&u: truc bom va truc dong co khéng déng tam;
noi truc bi tuot ra

V& bom bi dét néng Bom da [am viéc rdt Jau khi van dong; nhiét d¢ cia chat long
dugc van chuyén quéd cao

Dia thdo tai bt dot néng Van din nudc dén dia thdo tai bi ddng; van din nudc hoic
kénh dén bj tic

Diu bot tron bi ban; chat hrgng diu kém; ddu boi tron chay
Céc 6 ¢ bi dét néng hét khoi 6 d&; it ddu; cdc vong boi tron khong quay; méta
va bom khong dong truc; truc bom khong nim ngang; cdc
bac chia 6 d& bi hdng; cdc bac bi xiét chat qud; dai truyén
qué cang

Hop dém bi dot nong Nip hop dém xi€t qua cang; dém quéd ciling; ndp chén bi
nghiéng

1.3.1.18. Cac loai bom Iy tdm thong dung

Bom ly tam duge dimng trong cong nghiép dé bom nudc va bom céc chit long lam
viéc. Tuy theo tinh chat ctia chat 16ng nhu do nhét, tinh dn mon héa hoc, tinh di thé (cé
hat ran lo limg) ma bom ¢6 nhilng ciu tao r4t da dang, song vé nguyén tic vin gém
nhifmg bd phan chi chdt nhu da néu d wén.

Bom ly tam nam ngang hit mot phia duge diing phé bién trong céng nhiép. Khi van
chuyén cdc chat 16ng ¢6 tinh dn mdn, bom duge ché tao G cdc vat liéu bén hod hoc nhur
gang chong axit (ferosilic), thép khong gi, hop kim cla chi va antimon, dé g6m, diabal
va cdc vat liéu bén hod hoc khic. Cdc bo phan bén trong duge 16t cao su hoac dugc phil
époxy dé chéng an mon.

G hinh 1.25a 1a bom chiu axit. Nh& mat bich bang gang 3 ma vo bom 4 dugc ghép
chat vao gid bom bang gang. V6 bom duge ché tao tir gang ferosilic. Truc céngxon 6
duoc lap that diing tam vao cdc é bi 9. Hop deém 7 giit vai trd & d phu cho phén truc gin
gudng dong. Phan truc tiép xuc véi axit duge bdo vé bang bac ferosilic 8. Guéng dong
gan chat 1én truc nhd then va mi 6¢ 7 lam béng ferosilic, mii 8c van chat vao mét mat
cla guong dong. Mat kia clia guéng dong duge mai nhin va ti€p xitc véi mat dau ctia
bac §. O bom c6 hop dém théo duge ngudi ta ding dém bing vat liéu mém (thudng 1a
thimg amian ¢é thim cdc chat chiu axit). D€ gidm tdi trong lam viéc cla hop dém trén
bac clia gudng dong ngudi ta lam cédc canh nhd 2, nhd cdc cdnh ndy ma axit duoc hit tit
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hop dém dén miéng hit ciia bom. Hop dém va tat ca vé bom dat ra ngoai pham vi bé
bom dé tranh cdc giot axit roi xuéng bé. Pong co dién truyén dong truc ti€p qua néi truc
dan hoi va duge dat trén cung mot bé véi gia bom. Loai bom nay dugc ché tao véi nang
suat 1 - 110m’/h. Vi axit thudng bi 10 ri qua hop dém, nén dé van chuyén axit ngudi ta
ciing dung loai bom ndm ngang mot miéng hit khong c¢6 hop dém.

Hinh 1.25
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Loai bom mot miéng hit thudng c6 luc chiéu truc, dé khir lyc chiéu truc ta phai sir
dung cic co cau ché tao phic tap hodic t6n nang lugng va chi t6t khi bom c6 néng suat
nhé va vira. Vi nang sudt cao ngudi ta thuong ding bom hai miéng hit ¢6 the khir hue
chiéu tryc rat t6t. & hinh 1.25b 12 mat cit doc ctia bom hai miéng hit loai HA dimg dé
bom chat 1éng c6 nang suit khoang 90 — 11500 m'/h , chiéu cao dp lyc 10 - 137m cot
chat léng khi nhiét do 100°C. Bom gom vd 1 ¢6 nap 8, guéng dong /2 lap trén tryc 3.
Vo, nip vA gudng dong bing gang, con truc bang thép. Truc bom c6 bac bao vé /3. DE
bit kin khe hé giita guéng dong va vo ngudi ta diing cac vong bit kin ¢ va /0. Bom ¢6
hai hop dém véi loai dém sgi bong 5, dugc nén bang cdc bac ép 4 va 16. Trong cic
hop dém va cdc vong tiép nude 6 va /5. O d& ¢6 thé duoce 1am lanh néu dan nude vao
phong 18. Véi loai bom 6HC va 12H/IC 6 46 1a 6 bi cdu, con trong cic s6 hi¢u khéc
1a 6 trugt. -

Ngoai ra trong cong nghiép con dung céc loai bom nhiéu cip va loai bom ly tam tu
hit (c6 hé théng bom chan khong phu trg kém theo va cic loal bom van chuyén huyén
phi v.v...)

1.3.2. Cac loai bom dong hoc khac
1.3.2.1. Bom huong truc

Bom huéng truc Ja dang dac biét cha bom ly tam ¢6 n=600—1200vg/ph. Do tic
dong tuong hd giita cdc cdnh gudng vé+ dong chat long lam xuat hién lyc day chat 1ong
di doc theo truc gudng dong. O hinh 1.26a 12 so d6 bom hudng truc ¢6 truc thing dimg.
Chat léng tir 6ng hdt di vao gudng dong 2 rdi tdc dong twong héd v6i cdc cénh 3 gin trén
bac 4 va nhan dugc thém mot nang luong. Sau d6 chat long di qua thiét bi hudng 5 va
khuyu 6 dé vao 6ng ddy 7.

Bom huéng truc dung khi cin luu lugng 16n ma 4p sudt lai thap. Loai ndy rat gon
chic nhung chiéu cao hit chi t6i 2m vi rdt cAm nhay véi hién tugng xém thuc do luu
luong 16n. Théng thudng ngudi ta dat guéng bom hudng truc & dudi myc chat long duge
van chuyén.

Chiéu cao 4p luc cha bom hudng truc xdc dinh theo cong thic (1-64b) nhung véi

u] =U2=u:

Hhm = 'l';_(CUZ _Cul)‘ m.

Néu ké dén s6 canh gudng c6 han, ¢6 t6n that thity lyc va di€u kién khong va cham
& 161 vao thi:

_uC,,Kn, m

Hyw = (1-99)
g

trong dé:

uC,, = const - tich clla v4n tc vong va thanh phan van t6c ra chiéu trén n6, m?/s%;
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K - hé s6 tuin hoan;
N, - hiéu suat thiy luc.

Luu lugng ciia bom huéng truc xdc dinh theo cong thic:
Q:Canv(Dz-—dz)%, m*/s (1-100)

trong doé:
Cr - van t6e hué’ng truc cha chat long, m/s;
D - dudng kinh ngoai cha gudng, m;
d - duong kinh cua bac gudng, m;
W - hé s6 chay ciia dong chat Iong;

7, - hiéu suft thé tich.
1.3.2.2. Bom ma sadt

1. Bom xody I6¢c: bom xody 16¢ thude loai bom ma sét dién hinh. Vé ciu tao, bom
xody 16c cling ¢é nhing bo phan tuong ty nhu bom ly tam, nhung 1am viéc theo nguyén
tc hoan toan khdc: ding lyc ma sat dé hit, nén va ddy chét 1éng.

G hinh 1.26b 13 so d6 ciia bom xody 16c, gém gudng dong / dat trong vé 2. Chal
long duge dan téi gudng dong qua Sng hit 4 va duge dua ra ngoai nhds 6ng ddy 5. Theo.
chiéu quay clia gudng dong 1 kénh vdng 3 & phan vo phia duéi giita 6ng hiit va éng ddy.
Phan giita cdc dng nay (& phia trén) phai ddm bo khe hé nhé nhat giita guéng va vo.

Bom xody 16c thudng c¢6 hai loai gudng dong: kin (hinh 1.26¢) va hé (hinh 1.26d).
Guong kin ¢6 céc cdnh vé hai phia va s6 cdnh 1a 12 ~ 24. Guéng hd c6 cac canh hudng
kinh, s& canh 18 — 30,

Bom xody 16¢ lam viéc nhur sau: méi phén tlr chét 1dng bi cudn vao rinh gudng dong
s¢ nhan dugc thém moét nang luong roi lai duge ving trd lai vao kénh vong 3, rdi lai tiép
tuc bi cudn vao rinh guéng dong dé nhan thém mot nang lugng mdi. Qud trinh nay cit
lap di lap lai trén toan bd dudng di cia chét long trong bom (theo dudng xoin dit nét &
hinh 1.26b), lam cho phan tir chat 1ong duge ting thém nang lugng rat nhiéu lan.

Bom xody léc tao nén chiéu cao dp luc gip hai, ba lan bom ly tam c6 cling kich
thuéc guong dong va ciing s6 vong quay. Ngodi ra, bom xody l6c c¢6 kha nang tu hit
(z, t6i 4m). Nhung do tiéu hao nang lugng cho ma sét rat 16n nén hiéu suat bom thép,
chi dat 0,25 — 0,48.

Chiéu cao 4p lyc clia bom xody léc tinh theo cong thitc:

H:“’“2

2
trong d6: y - hé 36 chiéu cao dp luc, bang 3,5 + 4,5;

u - van t6c vong & mép ngoai gudng déng, m/s.
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Hinh 1.26

Diac diém cha dac tuyén bom xody 16c 1a cong sudt tiéu hao va chiéu cao dp luc tang
khi nang suat gidm. Vi vay gid tri 16n nhat clia cong sudt va ctia chiéu cao dp luc dat
duoc khi nang suat Q = 0. Dé tranh cong sudt va chiéu cao dp luc qui 16n nguoi ta dat
Xupdp an toan trén than bom hoac trén dudng 6ng ddy va khi khdi dong bom phai m&
hoan toan van day.

Bom xody 16c dd dugc san xuat véi luu lugng 1,8 + 22,7m’/h khi chiéu cao dp luc
16 + 40m.

Ngay nay ngudi ta cling da san xuét bom ly tim — xody 16¢ (cdp xody l6¢ & sau) co
luu luong 14,4 + 22,7 m*/h , chiéu cao dp luc 80 + 160m va chiéu cao tu hiit 6m.

2. Bom luéng (tuy e): dé van chuyén chét long c6 thé dung nang lugng ctia ludng
chat 1am viéc (dugc phun vao phong hén hop) truyén cho chat 16ng dugc van chuyén.
Chit 1am viéc c6 thé 1a chat 16ng (& trong tuy e nudc), hoi hoac khi (¢ trong tuy e hoi
hoac khi). O hinh 1.26d 1a so d6 ctia bom luéng. Chét lam viéc tir nguén nang luong /
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(c6 thé 1a thung cao vi nhu & hinh V&, ciing ¢ thé 12 bom riéng, thing chda khi nén, hoi
bio hoa hodc qué nhiét) theo 6ng din 2 duge dua vao voi phun 3, rdi di ra khoi voi véi
dong nang cuc dai. Do d6 tai tiét di¢n II - 1T p sudt s& 12 chan khong, nhd vay chét 1ong
duge van chuyén s& duoc hiit theo dng 7 vio phong hén hop 4. Tai day s& xdy ra sy trén
minh liét gifia hai dong, sau d6 ci hai s& di vao ong khuéch tan 5 réi vao ng day 6.
Trong ong khuéch tin, dong nang s& chuyén mot phin thanh the nang, nghia la chiéu
cao ap luc tinh dugc nang cao.

Néu bom ludng diat nim ngang thi ding phuong trinh Becnuli ¢ thé xéc dinh duoc
chiéu cao ap luc chan khong tai phong 4 (ltng véi ti€t dién 11 - II) la:
8Q? [ 1 1+g)
= et
g \D d

(1-101)

ck

trong do:

Q, - luu lugng chét lam viée, m*/s;

D - dudng kinh 6ng dan chat lam viéc, m;

d - dudng kinh miéng ra ctia voi phun, m;

£ - hé 6 rd lyc cua doan gitta cdc tigt dién I —Iva II - IL

Hié¢u suat clia bom ludng 1a ti s6 cong cap cho chat long duge van chuyén va cong
cua luéng chat lam viéc: '
pgQH

n= (1-102)
p.gQ.H,

trong dé:
Q va Q, - luu lugng chét duge van chuyén va luu lugng chat lam viéc, m'/h ;
H va H, - chiéu cao ap luc tuong ung, m;
0 va p, - khoi luong riéng tuong tng, kg/m* .

Hiéu sudt 1 chia bom ludng rat thap khoang 0,2 - 0,3.

Bom luéng dugc dung dé hit nudc tir gi€ng siu va dé van chuyén nudc vao 15 hoi.

Bom Iuéng nude thudng cé-nang suat 0,015 — 0,030m’/s va dp lyc 4 —20m.

3. Bom chan dong: [a loai bom ma st ding dé van chuyén chat long nho chuyén
dong tinh tién qua lai (do chdn dong) cda bo phan lam viée. Cac bo phan chu yéu ctia
bom 12: bo dao dong dién tir, 6ng ning nude va van mot chicu.

Bo dao dong dién tix I néi truc ti€p véi 6ng nang nudc va ching cung chuyén dong
tinh tién véi tan s6 16n (3000 dao dong trong mot giay), két qua 1a tao ra lién ti€p ndi luc
nén — chan khong trong chat 1ong duge van chuyén. Néu trong ong la chan khong thi
chdt 1éng s& qua van mét chiéu vao 6ng nang va dugc chuyén ti€p di nho luc quén tinh.
Uu didm clia bom chén dong 1 khong cdn d6 sau i6n cia nude trong giéng. Nhuge diém
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cliia bom chin déng 1a hiéu suat qud thdp (n=10,25-0,35). Ngudi ta di che tao loai
bom chén dong cé ning sudt 1-3m’/h .

4, Bom suc khi: nguyén tic lam viéc chia bom suc khi 1a binh phai théng nhau va &
moi binh c6 chifa cdc chit 1ong ¢ khéi lugng riéng khac nhau.

Néu ta dan khi nén qua 6ng 2 vao thiét bi hén hop 3 (phan dudi cua ong 1 chia day
chat léng - hinh 1.26g) thi khong khi tao thanh bot trong chat léng. Do d6 khéi hugng
riéng cla chat léng gidm di, con hén hgp chét 1ong va khong khi duge nang 1én theo ong
! 16i chay qua miéng trén ctia 6ng. D€ dam bdo chiéu cao dua chdt 16ng 1én thi khong
khi phai cé ap suat du tuong tmg v6i do chim sau cla ong nang /. D€ tranh khi nén lot
ra ngodi cin phai dat thiét bi hdn hgp 3 cao hon miéng dudi coa dng tir 1 — 1,5m.

Néu ky hiéu p, 12 khéi lugng riéng cha chit long va p,, 12 khoéi lugng riéng trung
binh clia hén hop khéng khi va chat 1éng thi diéu kién dé bom lam viéc duge la:

H Ph

k

trong dé:
H - chiéu sfu nhiing uho nhat, m;
h - chiéu cao nang tr muc nuéc van chuyén dén miéng ra, m.

2 - - i - H
Khi chiéu cao ning trong khoang 6 — 30m c6 the lay T =0,65+0,7.
+

s + -~ ' » 7 - H + h - ~ ot A »
Hiéu sult m cua bom suc khi phu thudc vao ti s6 k = va thuong bién don tir
0,25-0,35khik=3-10.
Luong khong khi can thiét duge xac dinh theo cong thic:

Qk = QH

h+10°
101n
N 10

m’/s (1-103)

trong do:
Q, - luu lugng khi & 4p sudt khi p,, m¥s;
H - chiéu siu nhiing, m;
h - chiéu cao nang, m;
n - hiéu sit bom;
p; - 4p sudt khi nén liic ban ddu, N/m?,

5. Bom vit tai: 12 loai bom ma sét, ¢6 ciu tao gidng nhu vit tai d& van chuyén cdc vat
liéu roi.
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Hiéu sudt cia bom khoang 0,56 — 0,75. S6 vong quay bom 25 - 115vg/ph, luu
lugng bom 0,01 — 2,7m/s va chiéu cao nang chat léng 2,25 — 5,2m. Puong kinh vit tai
0,28 — 3m.

1.3.2.3. Taran thuy luc

Taran thuy luc 1a loai bom nuéc nho nang luong va dap thiy luc. O cic noi c6 dia
hinh thuan lgi ngudi ta thudng hay xay dung taran thiy luc. Diéu kién co ban dé taran
thiy luc c6 thé 1am viéc dugc 1a thiét bi phai dat thap hon nguén chat 16ng. Ciu tao clia
taran gém bau khi 4, xupdp 3. Bau khi néi véi ngudn chat 16ng 7 qua 6ng din 6 va néi
vGi bé chita 2 qua 6ng ddy /. Trén dudng dan 6 con c¢6 bau nhan 8 véi xupdp va dap 5
(hinh 1.26¢).

Nudc tir nguén tu chay vao taran. Dudi 4p suat xupdp 5 nang lén day dudng nudc
thodt ra ngoai tao ra va dap thuy luc, do d6 xupdp 3 m& va mét phan chat 1ong duoc di
vao bau khi lam dp sudt trong bdu tang 1én. Dudi dp sudt nay, nudc dugc ddy vao 6ng
day / r6i lén bé chia 2. Sau khi va dap, dp suit trong 6ng din giam xuéng, xupép va dap
5 va xupdp 3 ha xudng do trong lugng ban than. Nudc lai tir nguén chay vao va chu ky
lai 1ap lai nhu trén.

1.4. VUNG UNG DUNG THICH HOP CUA CAC LOAI BOM

Céc loai bom dugc tng dung thich hgp trong mot khoang chiéu cao dp luc va
khoang luu luong nhat dinh. O hinh 1.27 12 d6 thi biéu dién ving ing dung thich hop
clia cdc loai bom: viing / — bom xody 16c va ly tdim — xody 16¢; vung 2 — bom ly tam mot
miéng hit (loai K); ving 3 — bom ly tdm hai miéng hit (loai [1); ving 4 — bom hudng
truc; ving 5 — bom huéng chéo; ving 6 — bom ly tam truc thang ding; ving 7 — bom ly
tam nhiéu cdp; ving 8 — bom pittong; vang 9 — bom mot truc vit; vang /0 — bom ba truc
vit; vung // — bom pittong tic dung nhiéu lan

3060 1H%Z]

500 AL

200 T

. KT
2 / / 9000107 s

10 //i

5 ie

4

2 20 200 2100 2.0 2100 Qmh

Hinh 1.27
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Chuong 2
MAY NEN

2.1. PHAM VI UNG DUNG CUA MAY NEN TRONG CONG NGHIEP

Ngay nay khéng cé nganh coéng nghiép hoac k¥ thuat nao 12 khong ding khi nén.
Khi nén c¢6 nhiéu céng dung khdc nhau: 1a tic nhan mang nang lugng (dung dé khuiy-
tron trong thi€t bi phan ing), la tic nhan mang tin hiéu diéu chinh (trong k¥ thuat tu
dong) va 1a nguyén liéu dé san xuit ra cdc san phdm nhat 12 trong cong nghiép hod hoc.

Muén cé khi nén phai diing cdc mdy nén khi.

Mdy nén da xuat hién tir 1au, ngay tir thdi ¢6 d@ c6 céc loai may théi khi dung trong
sdn xudt dong va sit, k€ cd nhitng may théi khi chay bang stc nudc. Téi thé ky thi 18
mdy nén pittdéng xudt hién va nira dau the ky 19 cdc loat quat ly tam, hudng truc ciing da
ra doi cling véi sy xudt hién coa truyén dong hoi nuée va dién,

Nhitng nam gan day cong nghié¢p ché tao mdy nén da dat duge nhimg thanh tuu lén:
san xuat ra nhitng mdy nén pittong ¢4 nang sudt hang 10000 m'/h va dp suat 16i vai
nghin atmétphe; nhimg méy nén ly tim véi nang suat 10° m'/h, 4p sudt 16i 100at; nhing
mdy nén truc vit ¢é s& vong quay 10° vg/ph va dp sudt 16i 10at.

Khuynh huéng phét trién cha mdy nén 1a gidm nhe khéi luong: ting hiéu suat; tang
do vitng chac khi 1am viéc; tu dong hoa viéc diéu chinh nang suat vi dam bao an toan.

Ung véi cdc khuynh hudng nay, may nén hién dai c6 s6 vong quay 16n néi truc ti€p
v6i dong cd. Tryc khuyu cia mdy thuong 1a réto ctia dong co. Mdy dugc trang bi bo
phan di€¢u chinh nang suat nhiéu cdp hodc vo ciip, dong thoi duge trang bi cdc bo phan
bao vé, dam bao dimg bom khi khong ¢6 ddu, khéng c6 nudc 1am ngudi va khi nhiét do
nén qua cao.

Song du hinh dang bé ngoai ciia may ra sao, kich thudc chia mdy thé nao ngudi ta
van ¢6 thé phan chia may nén ra 1am hai loai (theo nguyén 1y 1am viec):

1. Mdy nén thé tich: viéc nang cao dp sudt khi thuc hién bang nén ép cudng biic, khi
lam gidm thé tich cha khong gian lam viéc. Nhut vay chu trinh nén khi 1a chu trinh tudn
hoan va viéc cung cip khi cling tuan hoan theo chu ky nhat dinh. Thudc vé loai nay gém
c6: mdy nén pittdéng, may nén roto (tim truot, vong nudc, truc vit, banh khia v.v...)

2. Mdy nén dong hoc: vigc nang cao 4p sudt khi thyc hién bing céch cdp dong nang
cudng buc cho khi tir cic co cdu 1am viée. Lic nay khi chuyén dong cudng bitc 6n dinh
vt dong ning thu dugc s€ bién thanh th€ nang. Thyc t€ thi chuyén doéng cia khi ¢é dac
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trung tuan hoan khong 6n dinh, nhung vi tan s6 rat 16n va bién do rit nhé nén ¢6 thé coi
1a 6n dinh. Thuoc vé loai niy ¢6 cdc mdy nén ly tim v hudng truc.

May nén thé tich ¢6 thé tao ra dugc dp suat rat cao tmg vdi ning sudt nho, nhung vi
lyc quén tinh 16n nén khé néi truc ti€p vdi dong co. Nguge lai, may nén ly tam tao ra
nang sudt 16n nhung 4p sudt lai khong cao lam va c6 uu diém 12 néi truc ti€p véi dong
cd. Song dé ciling chi 1a diéu khdc biét twong doi. Negdy nay di ¢6 loai may nén thé tich
cd nang sudt rdt 1én véi s6 vong quay rat cao, nguge lai cling ¢é loai mdy nén ly tim véi
ap sudt rat cao.

Pham vi st dung cta céc loai may nén cho & bang 2.1.

Bang 2.1
Loai mdy nén Ap sudt 1am viée, at Nang suit, m'/h

My nén thé tich

1. Mdy nén pittong 0 = 3000 (va t6i 100000) 0 + 30000

2. Mdy nén tam trugt 0+12 0 + 6000

3. Mdy nén vong nudc 0+8 0 + 9000
Mcdy nén truc vit 0 + 10 (khi sach) 0 =+ 30000
May nén cach mé 0 + 200 (khi hiém, sach) 0+ 1000
May nén dong hoc

1. Mdy nén ly tim 0+ 50 6000 -+ 300000

2. Mdy nén tuabin 0-+20 6000 + 900000

3. M4y nén hudng trc | 0+ 10 R4t 16n

Ngoai ra, ngudi ta con phan loai may nén theo cic dac di€ém khdc nhu:

1. Theo dp suat: dp suit cao, trung binh, thip, chan khéng.

2. Theo nang sudt: 1én, vira, nho.

3. Theo lam lanh: ¢é lam lanh trong qud trinh nén khi, cé lam lanh trung gian va
khong Jam lanh.

4. Theo s6 cdp: mot cdp va nhiéu cap.

5. Theo s6 lan tac dung: don, kép.

6. Theo truyén dong: tay, ddng co hoi hoidc khi va dong co dién.

7. Theo loai khi: khéng khi va cac khi khac.

Tat ca cdc may nén di lam viéc theo nguyén 1y nao va thudc loai nao déu cé chu
trinh lam viée nguge véi ddng ca pittdong hoac tuabin.

Mot s6 1y thuyét va tinh todn ciia may nén giéng nhu cha bom chit long, nhung phai
chi ¥ ring chat 1ong trong bom Khong bi nén ép, con khi 6 trong mdy nén bi nén ép.



Ngoai cdc bai todn vé nhiét dong va khi dong hoc, khi tinh bén cdc chi tiét va moi
ghép ciia nhing mdy nay phi dé ¥ t¢i kha nang rung dong va va dap. Mat khic phai
chon phuong phép diéu chinh va diéu khién tu dong, déng thoi phai thi€t ke cac hé
thdng nay. Cling céan phai xdc dinh cic dac tuyén chia méy s& c6 khi van hanh, xay dung
cdc dac tuyén nay déi véi cic mdy mdi thudng dua trén nhitng nguyén 1y chung va dua
vio thi nghiém & loai may tuong t.

22 CAC THONG SO CO BAN CUA MAY NEN

Bat ké lam viéc theo nguyén 1y nao, cic may nén déu cd ba thong s6 co ban:
1. T} s6 nén €: 1a ti s6 gilia 4p suat khi ra p, va dp suat khi vao p, cua mdy nén:
g=Pd 2-1)
Pn

2. Nang suat Q: tinh bang khéi lugng khi cung cép bdi mdy nén trong mot don vi
thdi gian hodc thé tich khi cung cdp bing mdy nén trong mot don vi thoi gian quy vé
diédu kién hit.

3. Cong suat N: 14 cong sudt tiéu hao dé nén va truyén khi.

Ngoai céc thong s6 trén, can chi ¥ iz cdc hicu suit cia mdy nén, cdc hé sé luu
luong; dp suat va nhiét do khi vao p, va t, (hoacT,); 4p sudt va nhiét do khi ra py va ty
(hoacT,); dac tinh vat 1y cla khi nén gém ti nhiét, chi s& doan nhiét, van t6c am, khoi
luong riéng, tinh doc, tinh chdy nd, tinh an mon hod hoc, phuong trinh trang thdi, cic
hiing s6 khi va cdc thong s6 ing véi phuong trinh do.

7.3, CAC PHUONG TRINH TRANG THAI CUA KHi

Phuong trinh trang thdi cda khi 1§ tuong c6 dang:
pv=RT (2-2)
trong do:
R - hing sé khi, J/kg K:
v - thé tich riéng cta khi, m'/kg;
p - ap sudt tuyét déi, N/m’;
T- nhiét do tuyét doi, “K.

Trong thuc t&€ khong ¢6 khi ly tudng, nhung néu mot loai khi nao ddy c¢6 nhi¢t do T
cao hon nhiét do (61 han T,, rat nhiéu va & 4p suat thap thi c6 thé coi 1a khi 1y tudng.
Doi véi loai khi ¢6 nhiét do T gan nhiét do t6i han T, va c6 dp sudt cao thi khong thé
coi 1a khi 1y tudng, do d6 khong dung dugc phuong trinh (2-2) ma phai dung phuong
trinh trang thai cda khi thye. Phuong trinh trang thai cua khi thyc ma ching ta dung dé
tinh toan la:

p(v-b)=RT (2-3)
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hoac: pv=ERT 2-4)
trong d6:

£- hé s6 nén ép, d6i v6i khi 1y tuong £ = 1

b - hiéu s6 thé tich clia khi thuc va khi Iy tuong khi & ciing diéu kién nhiét d& ap suat.

Quan hé giita £ va b la:
pb
=1+-——":
5 RT
RT
b= —I;(g— 1) (2-5)

Ngoai ra, ngudi ta con dung chi s6 sai léch 4 nén &p:

_ b _ b T(&-1 (2-6)
pv, 2T3R 273

p
rit ra: b=273R};
- 273pP 1
T

Nhu véy thé tich riéng cha khi thyc duge xdc dinh theo cong thirc:

v= R[I +2T3RB]; m’/kg

Y
Cic gid ti clia & tra & d6 thi (hinh 2.1) theo 4p suét twong déi p=-2 va nhiét do
Pin
P — T Y - e . [l ar + ) » 2 -
tuong d6i T =-— . Ap sudt t6i han py, va nhiét do t&1 han T,;, clia cdc khi tra & bang 2.2.
th
Bang 2.2
o Khi Nhiet do t6i | Ap sudt 16i i Nhict do 16i | Ap suat16i
han T, °K | han py,at han T,,, K | han py,,at

Ammoniac 405.,4 111,5 Oxy 1542 51.35
Cacbonic 304,1 73 Khong khi 1323 38,4
Sunfuaro 430,2 71,1 M¢ tan 190,5 472
Oxit nitg 179 65 Eiylen 2827 50,9
Oxit cdcbon 134 35 Etan 305,1 48.8
Hydrd 33,1 12,8 Axétylen 309 62
Nitg 1259 33,5 Butan 426 36
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Hinh 2.1

2.4. MAY NEN THE TiCH

May nén thé tich dugc sit dung khi cin tao 4p sudt 16n ma nang sudt thi nho hoac
vira. Loai nay gém: mdy nén pittong va may nén roto (may nén truc vit, tdm trugt, vong
chat 16ng v.v...). Cic loai mdy nén thé tich cling dugc dung lam mdy hut chan khong dé
tao do chan khong cao gin nhu tuyét doi.

2.4.1. May nén pittong

Theo s6 l4n tic dung cé thé chia thanh: tic dung don, tic dung kép. Theo s6 cap
chia thanh: mdy nén mot cap, may nén nhiéu cip. Theo ap suat chia ra: mdy hit chan
khong, mdy nén dp sudt thap (p, < 10at), may nén trung 4p (p, = 10 + 100at) va mdy nén
cao ap (p, > 100at).

Theo nang sudt chia ra: mdy nén nhé (Q < 10 m*/ph), vira (Q = 10 + 30 m*/ph) va
16n (Q > 30 m*/ph).

Theo vi tri xilanh: mdy nén thang ding, nim ngang, chit V, chit L, hinh sao.

Theo loai khi nén: may nén khong khi, mdy nén cic khi cé tinh chat dac biét (nd,
chay, doc).

2.4.1.1. Nguyén ly lam viéc va cong nén trong chu trinh ly thuyét cia mdy nén
pittong mot cdp

Miy nén pittong lam viéc theo nguyén ly nén cudng biic, véi cac quad trinh ti€n hanh
tudn tu nhu sau: hit, nén, ddy khi. Toan bo cdc qua trinh nay dugc lap lai trong méi vong
quay ctia truc mdy nén va dugc goi 1a chu trinh ly thuyét cia mdy nén. O hinh 2.2a, b
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la so d6 mdy nén va do thi biéu dién chu trinh nén 1y thuyét (dudng 4 - / 1a dudng hiit
khi khi dp sudt khong doi; dudng / - 2 la nén khi tit p, dén p,; duong 2 - 3 1a ddy khi
khi dp suét khong doi).

L
( | [
P, b :_i
e ——— —— | !. — p
) %1 -
c I |
3 2p,V, :
v, E\ :
- !
a : ?ir I
4 . 1 1p,V, v
b) v o, dv ol 4 -
- T ; S | =V C)
4 2 v 1"
- 1
b,
7_
+
b, ]
b =" b
e

Hinh 2.2

Qua trinh hit va ddy khong phai 1a qud trinh nhiét dong, vi trong qué trinh nay khi
trong xilanh chi bién déi vé lugng chi khong bién ddi trang thai.

O chu trinh 1y thuyét, qua trinh hit chi xay ra trong ca khoang chay cta pittong.
thoi diém thay déi huéng chay (diém 1), xupdp hiit déng lai va qua trinh nén bét diu.
Qua trinh nay kéo dai dén khi ap sudt trong xilanh dat t6i dp suat day p,, xilanh diy m&
ra va qua trinh ddy Kkhi ra khoi xilanh bt dau. Khi pittong thay déi huéng chay lan tha
hai (di€ém 3) thi xupap ddy déng lai va xupdp hit bat dau mé ra.

Néu qua trinh nén tién hanh theo mot trong cdc qua trinh: dang nhiét, da bién, doan
nhiét thi ching ta c¢6 cdc chu trinh tuong tmg: dang nhiét, da bién va doan nhiét.

Cong tiéu hao dé thuc hién chu trinh Iy thuyét biéu dién bang dién tich 1-2-3-4
(hinh 2.2b) va bing téng cong clia cic qua trinh hiit, ddy, nén.

Cong do khi sinh ra trong qua trinh hit la cong am:

L,=p/Vi,

trong dé: V, - thé tich hit trong mot vong quay, m’.
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Trén d6 thi cong nay dugc biéu dién bang dién tich 4 - 1 - 1'-4.

Cong nén khi tir ap sudt p; =p, t0i Py =Py bidu dién bang dién tich 1 -2 -2" - 1"
Céch tinh cong nay nhu sau:

Cong tmg véi chuyén dich v6 cling nho clia pittong trong khoang nén 1 cong duong
(tiéu hao) va bang - pdV (cé dau &m vi dV <.

Nhu vay cong nén la:

Cong trong qué trinh ddy biéu dién bang dién tich2 -3 - 4' - 2' va bang:
L, =p,V,

trong d6: V, - thé tich day trong mot vong quay, m’.

Cong clia ca chu trinh:

2
L=-p,V, - jpdV +p2 V2
1

2
Mat khéc: V. -piYi = Jd(p\")
1

2 2 2
Vay: L= [d(pv)- [pdV = fvdp Q-7
1 1 1
Cong riéng dé nén 1 kg khi la:
2 2
Vdp
= [P _ fvdp, I 2-8
]j o= fdp ke (2-8)

i

==
G
trong d6: G - khoi lugng khi ddy ra trong mot vong quay, Kg.

Biét dugc quan hé gilfa v va p trong qud trinh nén ta ¢6 thé xac dinh dugc cong tiéu
hao riéng / mot cach dé dang.

Péi voi khi 1Y tuong v = vy
2
L= [vadp, ke 2-9)
l

P6i vdi khi thuc vi v = v, + b nén:

2

2 2
"'.'1 = I(Vr’t + b)dp = J-Vhdp“" Ibdp . kg (2-10)
{ 1 1
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S& hang thit nhat 1a cong trong chu trinh 1y thuyét nén khi ly tudng. S6 hang thit hai
12 cong phu gay nén su sai lech do nén ép clia khi thuc. Dai lugng cong phu bi€u dién
bing dién tich 1 - 2 - 2' - 1" (hinh 2.2d). Dién tich gach chéo (hinh 2.2d) biéu dién cong

2
phu Ibdp dugc tich riéng ra. Néu b < 0, thi cong phy ¢6 thé am (hinh 2.2e).
1

Tir céc cong thitc (2-9), (2-10) ta c6 thé tinh cu thé cong riéng trong cdc chu trinh 1y
thuyét d6i véi khi 1y tudng va khi thuc:

1. Chu trinh déng nhiét:

a) V&i khi 1y tudng cé:
pv = RT, =const;
hodc: PV =PV,

ve const RT, pvi P2V
Y P P p

Riit ra:

Thay gid tri ciia v vao cong thiic (2-9) ta c6:

2

2
d p
e = Ivdp —PiY) j_P =PV Inf2 - p,v, I~
1 1 p pi pl
I =RTyIn 2, Jike Q-11)
by

Trong trudng hop nay cong riéng d€ nén khi 1y tudng trong chu trinh 1y thuyét
doan nhiét phu thudc vao loai khi, nhiét do khi, vao ti s6 nén va khong phu thudc vao
ap sudl dau.

Cong khi nén G kg khi la:

L, =GRT, In22 (2-12)
Pi

b) Vi khi thue:
2 2 2 d 2
ly, = [vudp+ [odp=RT [-2+273R [Bdp =
1 1 1 p |

2
=RTIn P2+ 273R [Bdp. J/ke (2-13)
1

P

2 2 1
[Bdp= |Bdp— [Bdp=B, B, =AB,,
1

0 0
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trong doé:

B - dai luong vo thit nguyén, dugc goi la chi s6 du cla ning luong thé tich cta
khi thuc;

AB. - chi s6 du ciia cong trong chu trinh déng nhiét 1y thuyét va c6 thé xdc dinh
theo cong thiic trén hodc tinh gan ding theo cong thic Simson:

1
ABng(B]+4B’+B2)(p2_pI) (2-14)

Pt

B,,B’.B, -tra trén do thi (ing véi T,.p,, va py )

Céng riéng dé nén trong trudng hop ndy con phu thudc ci vao ap suat diu va cudi.
2. Chu trinh doan nhiét:
a) V§i khi 1y tudng: quan hé giita p va v khi nén doan nhiét duge bicu dién bing
cong thic:
pvk =const, (2-15a)
trong dé:

C
k = —P - chi 6 doan nhiét clia kh{ 1§ tudng;

C, va C, - ti nhiét ctia khi khi ap sudt va nhiét o khong doi.
Doi véi khi mot nguyén tir k = 1,66 - 1,67; voi khi hai nguyén tir k = 1,4 - 1,41; vdi
khi ba nguyén tirk = 1,1 - 1,33.
Déi véi hdn hop khi chi s6 doan nhiét xdc dinh theo cong thic:

1 a;
PEEd Jrmerd

L=l ™M

trong doé:
a, - thanh phan thé tich cha céu tr /;
k.k, - chi s6 doan nhiét clia hon hop va clia cau 1,
n - 6 ciu tir c6 trong hdn hop.
Tir cong thic (2-15a) ta ¢6 thé viét:
PV} =PaV3 (2-15b)

!
k
rdt ra: vV, =V, (p—']
P2
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Tuon Y V= (_p, ]I
gluco: v=v,
p

Dua vao cong thic (2-15) va (2-2) ¢d:

k-1
Tuong tucd: T=T, [ﬁj

v

Thay v, va v, theo p, va p, tacé:

k-! k-1

K K
: Pi P

Thay v vao cong thitc (2-9) ta cé cong riéng trong chu trinh doan nhiét cla khi 1y tudng:
!

' 21, L zjdp piv k k-1 k-1
L. = vdp:pkv —r _ K pk _pk .
Qi 1Yl 17k 2 1
; Jp k-1
Ll k-
K k
iq;t=kp‘vl Po | b S KRL P ] gk (2-16)
k-1[{p k-1[\ p .

~ trong do:
Py» P, - 4p sudt ddu va cudi, N/m?;
v, - thé tich riéng clia khi vao, m'/kg;
T, - nhiét do dau, °K.
O day cong riéng dé nén khi ly tudng trong chu trinh doan nhiét 1y thuyét cling chi

phuc thudc vao loai khi va nhiét do ddu, ti s nén, khong phu thude vao dp suat dau
hoac cudi;

b) Véi khi thuc: chi s6 doan nhiét thay ddi theo nhiét dé va xdc dinh theo cong thikc
A.M.Rosen:

k —L (2-17)
T =

dv
-l i)
P
| dT /,
Gi4 tri cha k- phu thude vao 4p sudt va nhiét do, thudng cho trong cac bang (bang 2.3).
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Bang 2.3

N Ap suat, Njcm? "
S s iét
Logi khi sk |10 [ 1000 | 2000 | 3000 | 6000 | 8000 | 10000
Ky
298 1410 | 1,416 | 1,400 | 1,379 | 1,345 [ 1.340 | 1,346
Nito 373 1406 | 1,419 | 1426 | 1419 | 1,377 | 1,342 | 1,373
473 1400 | 1,409 | 1,409 | 1,408 | 1,387 | 1,380 | 1,374
208 1404 | 1,407 | 1,408 | 1407 | 1,402 | 1,394 | 1,390
Hydro 173 1398 | 1399 | 1,400 | 1401 | 1,396 | 1,393 | 1,388
473 1396 | 1,397 | 1,398 | 1,399 | 1,396 | 1394 | 1,392
) 298 1400 | 1,433 | 1414 | 1,394 | 1349 | 1,344 | 134}
Oxit cacbon
©O) 373 1400 | 1,422 | 1424 | 1422 | 1395 | 1,390 | 1,390
473 1399 | 1,407 | 1415 | 1422 | 1408 | 1403 | 1,398
298 1,32 1,36 1,28 1,24 122 121 121
Métan 373 127 1,30 1,30 128 1,25 123 | 1,22
473 1.23 1,26 125 125 124 124 | 123
L 423 1271 | 1,355 | 1,086 | 1,073 | 1,079 | 1,083 | 1,094
Amoniac
573 1234 | 1252 | 1286 | 1,286 | 1216 | 1,187 | 1,119
) ) 208 1405 | 1,407 | 1,406 | 1,404 | 1397 | 1,398 ) 1,395
Hén hop khi
No + 38 373 1399 | 1397 | 1,402 | 1403 | 1,400 | 1,396 | 1,395
: ? 473 1308 | 1,400 | 1,402 | 1,407 | 1,403 | 1,398 | 1,395

Vi da s6 céc loai khi kco gid tri én dinh trong khoang nhi¢t do 16n, vi vay c6 thé

coi nhu k; khong ddi va bing gid tri tai diém trung binh ¢d py, = P

trinh nén. Do dé trong céc cong thiic tinh todn cho khi thuc ta thay k bang k.
Nhu vay cong doan nhiét cha khi thyc la:
2 2
Td
Ix =R j—pﬂ+273 fpdp, ke
1 1

Bién ddi s6 hang dau ta co:

Ky—L
2 _k-,_ K 2
L T
i P AN 2 PTG
Py P
kol Kyl Lo
T k-l P1 - .
" kr=1i\p
p*r (kp—1)
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DPay chinh Ia céng nén khi 1y tudng dng véi diéu kién nhiét d6 caa khi thue.

Bién déi s6 hang thi hai ta cé:

2 _ _(B|+4ﬁ’+52)(P2_P1)
fpdp=aB, = -

1

(2-19)

trong doé:
ABg, - chi s6 du clia cong trong chu trinh nén doan nhiét:

| )
2

3,.8.B, - xdc dinh tng v&1 T, va p,, va nhiét d6 tuong ng, p, va T,.

Cong riéng trong chu trinh doan nthiét cha khi thue la:

k=1

Ky
I =R m [P_z} —1|+273AB, ,J/kg (2-20)
ke =1/ p

3. Chu trinh da bién: 14 chu trinh nén ¢4 tinh chét téng quadt nht:
a) DGi véi khi 1y tudng khi chi s6 da bien khong déi (m = const) thi duge dac trung
bang cong thitc:

pv™ = const 2-21)
hoic: pivy =p,vy =pv"
L
tir d6 it ra: V=, (—?—Jm (2-22a)
P

Mat khéc cé thé xdc dinh duge nhiét dé & trang thédi bat k¥ trong qu4 trink:

m—l_

T=T, [ﬂ] ) | (2-23a)
Py

b) DBéi véi khi thue thay m = my:
pv™ = const

tir d6 c6: v=v, [E} '“"' (2-22b)
Pi
my =1
T="T, [—) (2-23b)
P
trong dé: m - chi s6 da bién nhiét o, xéc dinh theo p,, = WTP?‘- vi nhiét do tong ting.



Nhu vdy cong riéng dé nén khi trong chu trinh da bién c6 thé xac dinh theo nhimg
cong thitc tyong tng ¢ chu trinh doan nhiét nhung thay k va kr bang m va mr, nghia la
khi nén khi 1y tudng:

m—1

RT m
L [p-l) “1l, kg (2-24)

m=-=1{\p
P61 véi khi thuc:
my—l

I =R Timy [Bz_J ™ 14273AB}, Jkg (2-25)

my—1|\ Py

Tir nhiét dong hoc cho thay, cac qud trich nén dang nhiét va doan nhiét chi 1a hai
trudng hop dac biét clia qud trinh nén da bign khi m = 1 vakhim =k. V1 vay ta c6 thé
tinh cong trong chu trinh déng nhiét va doan nhigt bing cdc cong thic (2-24) va (2-23)
khi thay chi s6 da bién tuong g vdi cic qud trinh d6. Khi thay m = 1, mudn tim cong
riéng ta phai st dung quy tic Lo Hopitan.

Né&u bidu dién cdc qud trinh nén lén cing d6 thi (hinh 2.2¢) thi thay véi su tang chi
56 da bién m thi dudng cong nén cang ddc va cong tiéu hao cang tang. Con cong riéng
dé nén khi theo chu trinh dang nhiét (m = 1) 1a nho nhit.

4. Luong nhiét duoc 13y di hoac thu vao trong cac chu trinh: nhiét dugc lay di hoic
cdp vao 1a nguyén nhan sinh ra cdc qua trinh nén khdc nhau va nhu vay la cdc chu trinh
clia may nén ciing khic nhau.

Theo nguyén Iy mot cia nhiét dong hoc thi lugng nhiét 1dy di hay cap vao cho khi
trong qua trinh nén duoc tinh theo cong thic:

Qn=1l,-Ai, Jkg (2-26)
trong d6: [, - cong ti¢u hao trong qué trinh nén, J/kg:
Ai=1, -1, - bién thién ham nhiét, Jikg.

Tir cong thic trén ta thay:

Khi nén khi Iy twéng & qué trinh dang nhiét T, = const thii, =1, va:

Qy=1,. kg (2-27)

Nghia la mu6n thuc hién chu trinh nén dAng nhiét d6i véi khi 1y trdng can phai lay
di khoi khi ngay trong qua trinh nén mot luong nhiét bang toan bo cong tiéu hao trong
qud trinh nén. Ciing co thé x4c dinh liugng nhiét d6 theo cong thirc:

Qnv =T, (Sl _Sz) ., kg

trong dé: S, va S, - entropi ctia khi & trang thai hit va trang thai ddy.

94



D61 véi khi thue khi nén ding nhiét & khu vuc 4p suat thap va trung binh thi i, < i
va Qy > I; & khu vuc dp sudt cao i, > i, va Qy < /. Nhur vay nhiét t0a ra ti khi ¢ trudng
hop ddu 16n hon cong tiéu hao, con & trigmg hop sau thi nhd hon cong tiéu hao.

Pa&i v6i qud trinh da bi€n ndi chung lugng nhiét 1dy di hay cap cho khi trong qua
trinh nén cé thé xdc dinh theo cong thifc:

k—-m
=t — [, Jk (2-28
Qn ( K —1 ] £ )
hoac: Qn =ﬂ(s, +S,),  Jkg

trong d6: k va m - chi s& doan nhiét va chi s6 da bién cua khi.

Nhu vay luong nhiét 1ay di khoi khi trong qud trinh nén cang 16n thi chu trinh cang
gin dang nhiét vd cong tiéu hao cang nhd. D6 1a nguyén nhan cdn lam lanh mdy nén
ngay trong qua trinh nén. '

Khi khi thu nhiét do ma sat thi chi s& da bién m > k va cong tieu hao dé nén khi 1a
16n nhat.

Chu trinh 1y thuyét chi dding khi: trd luc cha xupdp hit va ddy bang khong, 4p sudt
trong &ng hit va ddy khéng ddi, nhiét do khi trong giai doan hiit va day khong déi; cudi
qué trinh nén, t4t ca kh{ trong xilanh phai dugc ddy vao dudmg day; khong c6 t6n hao
khi qua khe xupip va xécmang. Cic may nén thuc hién duge chu trinh 1y thuyét goi la
mdy nén ly tuong.

2.4.1.2. Chu trinh thuc cua mdy nén pitténg

Cic mdy nén thuc t& déu thyc hién chu trinh thye. Chu trinh thuc ciia mdy nén dugc
bi¢u dién bang d6 thi chi thi (hinh 2.3).
D6 thi chi thi biéu dién su bi€n ddi 4p sudt khi trong xilanh theo khoang doi cua
pittong hay ndi cdch khdc 13 theo sur bién ddi ciia khong gian lam viéc.
Cic ky hiéu trén d6 thi:
V,. Vy, V, - thé tich khong gian c6 hai cha xilanh, thé tich quét dugc cua pittong
va thé tich xilanh, m’;

Vi, - thé tich cta khi dugc hit vao xilanh & diéu kién 4p suat p, va nhiét do
T,, m:

V{, - thé tich khi hit duge & diéu kién dp suat cda khi trén dudng hit p; va nhiét
do khi T,; m’; |

V, - khoang khéng gian do khi dan nd tir khoang hai chi€ém mit;

d, b - cic diém ting véi lic xupdp hit va didy md;
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a, ¢ - cac diém tng voi lic xupdp hit va ddy déng;

dudng ad - tmg v6i qua trinh hit;
dudng ab - tmg v6i qué trinh nén;
dudng be - tng véi qud trinh ddy;
dudng cd - ing Vi qud trinh dan;

Pr» Pq - 4p sudt hit va ddy trung binh trong xilanh.

Qua do thi (hinh 2.3) cho thdy chu trinh thuc cia mdy nén khac chu trinh 1y thuyét &
cic diém sau: khi pittong déi chiéu, qué trinh hit khong xay ra ngay ma con co qua
trinh dan cd; dudong hit va ddy 1a duong ngoan ngheo, c6 cuc tiéu (M,) & duong hut va
cuc dai (M,) & dudng ddy; cdc diém bt ddu va két thiic ctia dudng hit hoac ddy khong

nim tring véi dudng 4p sudt trong Ong
khong ting v6i chi s6 da bién m = const.
DT M,
C b

2

3 L -

4 NA 1 l_[
!
d M, y a a
| ———
g —— \:
V.q‘ I V‘H —
—V, v, -
e V,
a
91 )
3
m >k
m=k
'
b (mg v6i cac b
N thong s cudi m>k
N
- 1
6 4
b)
Hinh 2.3

9
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(6 su khiac nhau nhy vay giita chu trinh thuc va ly thuyét cita may nén la:

1. Xilanh ¢6 khoang hai V, : vi c6 khodng hai nén khi két thiic qud trinh day khong
phai 1at ¢a khi duge day khoi xilanh, ma con lai mét phan khi trong khodng hai, gom
phén thé tich gifta pittong (& vi tri chét cudi qua trinh day) va xilanh, & trong hop xupdp
vi & cdc ranh xupdp. Do cé khoang hai, nén viéc hit khi vio xilanh chi bat ddu sau khi
ap sudt cua khi con lai trong khodng hai giam xu6ng bang 4p suat hut.

Do sur ¢é mat clia khoang hai da 1am xuét hién dudng cong dén cd, lam giam thé tich
c6 ich ctia xilanh trong qud trinh hit, nhung khéng tang cong tiéu hao riéng d€ nén khi.

2. Xupdp hit va ddy c6 tré luc nén qua trinh hit va ddy chi x4y ra khi dp suét khi
trong xilanh thap hon 4p suat khi trong éng hdt p, va cao hon 4p sudt khi trong ong day
p, - Trd luc xupdp bién ddi trong ca khoang doi cia pittong vi van téc cla khi bien déi
va gid tri 16n nhdt cGa trd lyc xudt hién khi xupdp bat ddu mo. Chinh vi the, ngay ca
khi 4p sudt trong &ng hiit vd ddy khong dao dong thi dudng hit ad ciing khong phai
dudng thang.

Trd luc xupédp gy ra cht yéu do luc din héi cha 10 xo (dé dé diéu chinh va khong
gay ra su tiéu hao nang lugng vo ich). Xupdp cdn phdi déng kin va ma kip thoi. Khi 1o
X0 xupdp qud yéu, viéc déng s& cham va do vay dudng nén vi din chuyén dich theo
huéng chay cua pittong. Khi 16 xo qua manh, xupdp sé déng truéc va qud trinh nén bat
dau sau khi khi di dugc din né, qud trinh din bat ddu v6i 4p sudt khi cao.

Do 18 xo qud manh va do dao dong 4p sudt trong 6ng hiit, 6ng diy qud 16n nén 4p
sudt khi trén 14 xupdp déi khi khong di dé md hoan toan xupdp. Trong trudng hop nay 14
xupdp rat dé bi dao dong giita d& v bo phan gidi han. Dudng hit va day c¢d dang lan
séng khong 6n dinh.

D6 1a mot vai sai s6t do xupdp gay ra, anh hudng dén su 1am viéc binh thudng cua
may nén.

Do xupdp c6 trd luc nén cong riéng tiéu hao dé nén khi tang 1én, din dén ning suat
riéng (hodc nang suat) clia mdy nén ciing bi anh hudng.

3. Ap sudt trong &ng hit vi 6ng ddy thay déi (hoac dao dong) tuy theo vi tri cla
pittong: su thay déi dp suat gay ra do chuyén dong khong én dinh cta dong khi. Trong
may nén nhiéu cap, su hit va ddy khi & khong gian giita cdc cdp cla cap sau va cp trude
ti¢n hanh khong dong thai, diy ciing 1a nguyén nhan lam cho dp suét trong khong gian
gifra cdc cap thay déi (dao dong).

Vi vay trong thoi gian hiit va ddy, 4p sudt khi trong xilanh cling thay doi.

Bién do dao dong dp sudt ¢6 khi dat t6i 25% ap suat binh thudng va cao hon nira.

Dao dong chia dp suét trong dudmg hit va ddy anh hudng t6i ndng sudt cha mdy nén.
Anh huéng nay cang 16n néu ap suat & cudi dudng hit cang xa dp sudt p, (p; - dp suat
hiit khi trong chu trinh ly thuyét).
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Trong tinh toan, dé don gian ngudi ta ding cic dai lugng trung binh coa ap sudt khi
ddy p, va hit p,.

4. C6 su trao doi nhigt giita khi va xilanh cling pittong: do lan luot bi dot néng va
]am lanh nén nhiét do cla thanh xilanh va pittong cé gid tri trung gian giita nhigt do khi
hit va khi ddy.

Khi bi hit qua cic dudng din va doc theo thanh xilanh khi bi d6t néng (vi O gial
doan nay nhiét do khi thap hon nhiét do thanh xilanh va pittong). Luc bat dau qué trinh
nén nhiét do cha khi vin thap va khi vin thu phiét cla thanh xilanh, nhu vay qud trinh
nén ¢6 m > k. Nhung vi trong qud trinh nén, nhiét do ctia khi tang dan va 16 mot hic
nio d6 thi nhiét do cla khi bing nhiét do thanh xilanh (lic nay m = k), sau 46 cao hon
nhiét d¢ thanh xilanh nén khi s& cdp nhiét cho thanh xilanh vi nhu vy m < k. Vay thi
két qua clia sy trao déi nhiét la chi s6 da bién clia dudng cong nén bién déitrm >k
denm <k.

Trong giai doan ddy, su trao d6i nhiét van tién hanh va qud trinh dan no bat dau
khi nhiét do khi thap hon so v&i nhiét d6 & cudi qua trinh nén. Trong qua trinh dan chi
s6 da bién lai bién déi ngugc lai trm <k dénm > k.

3 hinh 2.3b 14 cdc dudng cong nén, dan thue va cdc dudng cong nén, dan doan
nhiét, da bién theo cic thong SO cudi.

So sanh cong cha dudng nén thyc va dudng nén doan nhiét trén d6 thi ta thiy c6 sy
bi trir vé cong. Nhu vay khi tinh todn ta c6 thé tinh theonén doan nhiét véi m = k.

5. C6 su rd khi qua xupdp, vong bit kin (xécmang) va hop dém: néu khi 1o qua
xupép hit, vong bit kin, hop dém thi dudng cong nén s& thoai hon va dudmg cong dan sC
d6c hon. Nhu vay chi s6 da bién biéu ki¢n ciia dudng cong nén s& thap hon va clia duong
cong dan s& cao hon chi s6 da bién thuc khi khong ¢6 sy rd khi.

Ngugc lai, khi ro khi qua xupap ddy thi duong cong nén déc hon, dudng cong dan
thoai hon va cdc gia tri clia chi s6 da bi¢n cling nguge lai.

2.4.1.3. Nang sudt ciia mdy nén piftong

Nang sudt cta may nén la thé tich kh{ dugc ddy ra khoi mdy nén trong mot don vi
thdfi gian quy vé dicu kién hdt:

Q= (p"T" 1\5 . m'/s (2-29)
Pth

trong do:
V, - luong khi ddy, m’/fs;
Py Py, - 4p sufit khi ra va vao méy nén, Nfem®;

T, Ty, - nhiét do khi ra va vao mdy nén, “K.
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1. Nang suét 1y thuyét cia mdy nén pittong xdc dinh tuong tu nhu nang suat ly
thuyét cita bom pittong:
FSniy

Q="

, m%/s (2-30)

trong do:
F - dién tich pittong, m?;
S - khoang chay cua pitténg, m;
n - s6 lan di lai cia pittong trong 1phiit hodc s vdng quay clia truc trong Iphiit, vg/ph;
1 - 56 lan tic dung;
v - he 56 ké dén anh hudng cla can pittong:
2F -f

I ¥
! F

f - dién tich can pittong, m’.

2. Nang sudt thyc clia may nén pittong khic v6i nang sust 1y thuyét. Nguyén nhan
sinh ra sy khdc biét d6 1a do ¢6 sy khéc nhau giita chu trinh thuc va chu trinh ly thuyét.
Nang suat thyc xé4c dinh theo cong thiic:

_ AyiFSn  AwyiVgn

=MQ, = 2-31
Q=2Q, c0 €0 (2-31)

trong do:

Vi - the tich quét dugc ciia pittdng trong mot 1dn Idi hoac thé tich 1am viéc ciia
xilanh, m";

A - h¢ s6 luu lugng (hay hé s6 nang sudt) va A < 1. He s6 nay ké t6i cdc nguyén
nhin gay ra su sai khdc giita nang suat thuc, 1y thuyét va duge xdc dinh theo cong thue:

A"
b= = R Ay = A (2-32)
H
Ay - h¢ s6 kin, la tf 6 giifa the tich khi duge ddy vio dudng ddy quy vé diéu kién
hit V, va thé tich hit thuc V,:

Vt!
Vhl

Ay =

g - h& 56 ddy, la ti s¢ gilta the tich khi hut duogc va thé tich 1am viéc chia xilanh,
dugc xac dinh theo cong thikc:
Ve Vi Vs

C= A AR,

A
R RRVEVRYS

Vi, - thé tich ciia kh{ hit duge & &p sudt hit binh thudng p, va nhiét do hiit binh
thuong T, & 6ng hit ca mdy nén.
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2.4.1.4. Cdc thanh phan cia hé so luu lugng

I. He s6 thé tich A,: phan dnh phén thé tich lam viéc cha xilanh (V; =V, —V})
khong sir dung dugc do sy din no ctia khi trong khong gian ¢6 hai (hinh 2.3a). Nhu vay

thé tich dé hit khi vao xilanh chi con Vy;.

Ti 6 gifta V|, va Vy; phan dnh anh hudng ctia khong gian c6 hai 1én nang suat ciia

méy nén goi 1a he so the tich:

Ve _Var(VamVa) ) VamVa
Vi & IVH

i

Vi khi 1§ tudng vi V,, =aVy va V, = Vg™ = aVue™ nén:
b =1z 1)
Vi khi thye vi qua trinh dan tuan theo phuong trinh:

™., m,
Pvy'  Pyvy

Ss Ga

Ifm,
nén: szl-—a[ﬁ———l]
&

Nhu vay 1a hé s& thé tich &, phu thude vao cic yéu 10 sau:

= const

(2-33)

(2-34)

a) Ti s6 nén €. He s6 thé tich gidm khi € tang, 161 mot ti s¢ nén nao ddy tat cd khi

nén duge déu niam trong khodng hai thi mdy nén khong ddy va hit khi.

¢} trén dé thi dudng nén va din c6 chung diém déau va cudi (duong 1 - 2" & hinh

2.3c), ltc nay A, = 0. Ti s6 nén nay goi 1a ti s6 nén gidi han £, .

Véi khi 1y wéng:

V61 khi thuc:

Eoh =|:§3 [l+ lﬂmT
¢ g, \2

Thutng chon my = my.

b) Hé so khoang hai a = %L cang 16n thi A, cang nho.
H

100
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Trong cdc mdy nén 16n va vira khi b6 tri xupdp & bén thi cé a = 0.08 d6i véi cép ap
sudt thap; a = 0,12 d6i véi cap 4p sudt cao. Khi ding xupdp nhém cdp dp sudt thap thi
gld tri cla a tang lén 0,15, Néu dung céc xupdp lién hop hiit va ddy cing lap chung vao
mdt cam b tri & dau thia = 0,05 - 0,07.

Néu khoidng hai tang thi van t6c khi di qua xupdp nhoé va tré lyc nhd, nhung may
16n; trudng hop nguoc lai thi mdy nhd nhung trd lue 16n va higu sudt nho:

¢) Chi s6 da bi€n tang thi A, tang, déng thdi cong tiéu hao dé nén khi ciing tang lén.
Chi s6 da bi¢n tng véi cic thong s& bién (ddu va cudi) chia qué trinh dan nd phu thudc
vao dp suat hit va chi s6 doan nhiét clia khi (bang 2.4)

Bang 2.4
Ap sudt hiit p,, Njem? - Gid trl m, -
Khi k bt ky Khik=14

<15 I+05k-D 1,2

15+40 1+0,62(k-1) [,25

40 + 100 1+0,75k - 1) 1,3

100 + 300 1+088(%k-1) 1,35

> 300 k 1,4

2. H¢ s6 4p sudt A,;: phan 4nh 4p suat khi trong xilanh & cusi qua trinh hit p, <p,.
Ap suat p, chi dat dugc trong qud trinh nén & diém 7, ldc nay thé tich xilanh khong sir
dung dugc 1a AV'=V{, —Vyi . Ti s cha Vj; va V;; phan 4nh 4nh huéng ciia dp suat
cudi qud trinh nén lén ning sudt (hoac sur chia ddy xilanh) goi l1a he s& 4p suat:

A, = _Pe (2-37)
Vi P
Lue 16 xo ctha xupép hiit va dao dong ctia 4p sudt trong 6ng hut anh hudng 16n t6i A,

Néu luc 16 xo qud manh thi xupdp s& déng sdm, nhu viy la p, giam xudng lam
giam A, .

Néu dp suat & cudi qui trinh hit nang cao do su dao dong ap suidt trong Sng hut thi
c6 the tang .. D6i véi 6ng hiit dai c6 thé ting nang suit t6i 10% va hon. Nhung néu do
dao dong dp suil trong 6ng hit ma dp suat giam xudng thi Ap lai giam.

O cdp dau tién néu dp suat hdt bing hoic gan bang dp suat khi quyén thi A, = 0,95 - 0,98.
Tri s6 nhé g véi xupédp c6 tiét dién nhé va luc 10 xo 1én. Dsi véi cép trung gian cé thé
14y &= 1.

3. He 56 nhiét do A, 1a ti 56 gitta thé tich hit V,, (img v6i 4p suat p, va nhiét do T)
va the tich hit Vi (ing v6i dp suat p, 12 nhiét do T}):
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po=w D (2-38)
T.F

trong do:
T, - nhiét do khi & 6ng hit, °K;
T, - nhiét do khi trong xilanh ing véi dp sudt p, va thé tich Vi, °K;
T, =T, +AT".

Nhiét do tang them AT’ do gidm dp sudt hiit ti 1& v6i sy tang trg luc clia xupdp va
van t6c khi. D61 véi cép 4p sudt thap nhiét d6 tang thém 3 - 10°C, d6i v6i cdp ap sudt cao
ting thém 1 - 3°C.

Thong thudng hé s6 nhiét do duge xédc dinh theo cic cong thuc sau:

- D6i v6i mdy nén ¢6 nang sudt 1én, chay nhanh, tré luc xupdp nhé va lam lanh t6t:

A, =1-0,01(e-1)

- D61 v6i mdy nén ¢6 nang suét nho, chay cham va lam lanh bang khi:
A, =1-0,02¢ =0,98-0,02(s ~1)

He s6 nhiét do A, phu thuoc vao dac tinh din nhiét cha khi va vao s6 nguyén tlf
trong phéan tir khi. D6i véi H,, NH; va hén hop khi c¢6 chita H, gid tri A, nho hon tinh
todn theo céc cong thic trén mot chit, vi cdc khi nay ¢6 hé s6 dan nhiét cao nén dé bi
dot nong hon. D6 vé6i cdc khi da nguyén tir cdn ldy A, cao hon, vi chiing ¢6 chi s6 doan
nhigt nho. :

D¢ tang hé s6 nhiét do khi thiét ké xilanh, nap, cic dudng ngan cdch phia hiit va ddy
can dugc 1am lanh dé tranh tod nhiét manh tir khi ddy t&i khi hit.

4. Hé s6 kin A, : 1a ti 56 giita thé tich khi dugc day vao dudng day (quy ve di€u ki¢n
hit V, ) va thé tich hit thuc V,,. He s6 nay thé hién anh hudng cda cic yéu t6 khong
kin hay néi cdch khéc 1a clia sy rd khi qua cdc chd khong kin 16i nang suét. Trong qud
trinh nén vi diy, khi ¢6 thé rd qua cic chdé nhw: qua xupdp rdo mat khoang
(0,01+0,04)V,,; qua xécming rd mat khoang (0,01+0,03)V,, v6i may nén tic dung
don va (0,003:0,015)V,, v6i mdy nén tic dung kép; qua hop dém rd mat
(0,0005 +0,001)V,, .

Hé s kin A, duge xdc dinh theo cong thuc:

V. -SbV
Ay = Vo V=25V _ 0,92 -0,97 (2-39)

Vhl Vhl

trong do:
b.V,, - tdng luong khi rd qua cdc ché khong kin, m';
i Yh g q g

b, - hé s6 10 déi vdi céc yéu to gay rd L.
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Mdy nén cé nang suit nhd va tac dung don thi 14y gid tri A, nhd. Véi trudng hop
ngugc lai thi lay gia tri 1én.

2.4.1.5. Cong va cong sudt tiéu hao dé nén khi trong chu trinh thuc

Cong va cong sudt tieu hao dé nén khi trong chu trinh thuc goi la cong va cong sudt
chi thi. Gi4 tri clia né cé thé xdc dinh duge nhd dung cu chi thi hoac tinh todn. Phuong
phdp nh& dung cu ding khi kiém nghiém thuc t€, con phuong phép tinh todn dung khi
thiét k&€ may mdi.

1. Xdc dinh cong suit nhd dung cu chi thi: nhd dung cu chi thi ta vé dugc d6 thi biéu
dién chu trinh thue clia may nén (hinh 2.3d). Tir d6 c6 thé xéc dinh duoc cic dai lugng:

a) Ap suét chi thi trung binh:

fc
Py = mp (8_1], Iq/Cﬂ'l2

ct
trong d6: m, - ti 1& xich dp suat, N/cm*/cm;
f., - dién tich dé thi chi thi, cm’;

S,, - chiéu dai dé thi chi thi, cm.
| b) Cong sudt chi thi clla mdy nén:
N, =10*p,FSn, Jfph

hoac: N,
6

. kW (2-40)

trong do:
F - dién tich pittong, m? :
S - khoang chay pittdng, m;
n - 4 vong quay cla truc may nén trong 1 phut, vg/ph.
D6i v6i may nén tic dung kép va mdy nén cé s6 lan tdc dung nhicu hon thi cong
sudt chi thi chung bing tdng cong suat chi thi cha cdc lan tdc dung.
2. Tinh cong va cong sudt tiéu hao dé nén khi trong chu trinh thyc: chia do thi chi
thi 1am ba phdn bing dudng dp suat hit p, va dp suéit ddy p, (hinh 2.3d).
Cong chi thi xéc dinh theo cong thic:
L,=L+AL, +AL, =L+AL, }
trong dé:
L - phdn cong img v6i chu trinh 1y thuyét biéu kién, J;
AL, , AL, - t8n hao cong & phia hit va phia ddy, J;
AL - t6n hao cong chung & cd hai phia, J.
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Cong L dugc biéu dién bing dién tich /-2-3-4 va duge xac dinh:
Dién tich (1-2-3-4) = dién tich (/-2-3'-4") - dién tich (3-4-3'-4"),
trong d6: dién tich (1-2-3"-4’) - cong dé dua khi vao viing dp suat cao;
dién tich (3-4-3'-4’) - cong do khi dén tra lai, nghia la:

2 4
L= jvdp - J-vdp,
i 3

Vi tri cdc diém / va 3 tuong Gng véi hai cén dudi ctia hai tich phan, phu thudc vao
4p sudt p,,p, Ocudiqua trinh hit va ddy, nhung chinh cdc 4p suét nay ciing rat kho xdc
dinh. Do d6 thudng 1dy cdc diém nay ting véi diém ¢6 p, va p, nhung cing nam trén
dudng thing ding v6i « va . Lic nay dudng nén va din tuong Gng véi dudng gach gach
vh cong tinh dugc 16n hon cong thuc khoang 2 - 3%.

Qua trinh nén va din thyc 12 qua trinh da bién ¢6 chi 56 da bi€én m # const, nhung vi
mat tiéu hao cong c6 thé iing véi dudmg trung binh ¢6 chi s6 da bién m = k thi:

( ]
p

4 4 p 17k whdp Vp ket ket
IVdp: I_VS [_i] = VaPs /K =3 31 pﬂk _pclk
3 p 3 p |

3

k-l
- 2_2._% ] — 8_'1(_
k-1

2 K-
p,Vik K
lrong tu: Vdp = -1
gl "J; p= k—l[

k— k-1
Nhur vay thi: L————pk‘v:(( k l}-——pliv”ktls k ]

Thay V, =V, +V, =(a+1)V,: V; =V, =aV, vadat p, =¢p, ta c6:

k-1
k - -
_ _ ik _ o~ Kk _
L=p, Ve[ 1-a(e 1):[}{_1[8 1],
Sir dung cong thiic (2-32) va (2-33) dong thai cot A, = | (khi p, =p,) tacd:

k-1
B JA/. S P R (2-41)
A (k=1)
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Cong riéng dé nén 1kg khi ly tudng:

v k k-1
p=— PV ek L1, Jkg
Ahy (K—1)

Cong suit dé nén khi 1y tudng cia mdy nén:

-3 ﬂ .
N, = 2ORRK 5y ew (2-42)
Aohy (k1)

Tuong tu ta c6 cong thiic xdc dinh cong suat d€ nén khi thuc:

= 273AB
N, =22 PIQ{ ky (ak1“""‘—1)+——~——Q},kW (2-43)
5.'11115: k'r_1 Tl

Tén hao cong AL = AL, + AL, xac dinh theo cong thic:
k-1
-Véikhily wdng: AL =p,V, (8, +84€ © );

k-1

- Véi khi thue: AL = E—%(Bh + SdaT)
1
bat: A—]f- = ij—N =AC, thi N, =(1+AC N, (2-44)
t

trong do:
V. - thé tich ddy dugc mot 14n tir xilanh vio dng ddy (quy vé diéu kién hut), m’;
v, - thé tich riéng ciia khi ddy vao dudng ddy (quy vé diéu ki¢n hut), m®/kg:
¢ - i sO nén, g=2,
P
8, - hé s0 ton thét 4p sudt & phia hit, 8, =0,38;
8, - gid tri t6n thdt trung binh cha 4p sudt & phia ddy, &, =0,78;
8 - gi4 tri tdn that twong d6i va duge xéc dinh theo cong thiic:
0,15

6= 0.25

(2-45)

p - dp suat hiit hodc ddy, at;

Z, - hé s6 nén ép cha khi & diéu ki¢n hit (tra & do thi hinh 2.1);

p, - 4p suat hiit, N/m?;

T, - nhi¢t do ht, °K;

ABg- chi s& du cha cong trong chu trinh nén doan nhigt, xéc dinh theo cong
thiic (2-19)
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AC,, - hé s6 tdn hao cong sudt chi thi, tra & d6 thi hinh 2.4 (duong lién nét ting
v6i t6n that trung binh, dudng dit nét ting v6i tdn that thap);
Q - thé tich ddy trong 1s quy vé diéu kién hit (nang suat cua mdy nén) tinh theo
cong thirc (2-31) hoac (2-29).
Ciing c6 thé tinh gin ding cong suit chi thi cho khi ly tudng va khi thuc theo cdc
cong thic (2-42) va (2-43), nhung thay ti s6 nén € B bang ti s6 nén thuc t€ trong

P
xilanh.

g =e(1+8, +8,) (2-46)

Céch tinh nay rat hay dung véi trudng hgp nén nhiéu cap.
y g g hop p

AC '
0.5 \ \ T
0,19 P\ N\ )
0.18 © N\ \\ \'\\ e \'
0]17 \\ \\ \\ \\ AN {:"
0 16 I\ \\‘ \ \ b \
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Hinh 2.4
2.4.1.6. Nén nhiéu cdp

Do trong mdy nén c6 ton tai khodng hai nén ti s6 nén chi dat t6i mot gia tri gi6i han
xdc dinh theo cdc cong thic (2-35) hoac (2-36). Mt khdc khi nén khong thé nao lay hét
nhiét nén cdc qua trinh nén déu gin véi doan nhiét. Vi vay nhiét do cta khi 6 cudi chu
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trinh nén ting 1én rat cao khi ti s6 nén tang lén. 2 ot o
Nhung nhiét do nay lai bi han ché boi nhiét do ]
lam viéc cho phép clia ddu boi tron be mat ti€p
xic gifa xilanh v pittong, do d6 ti 86 nén trong

mét qué trinh nén bi gidi han. Déng thoi dé tang AT 2
cao hiéu sudt cha qud tinh thi khi ti s6 nén .

P2
p

£>4-5 ngudi ta ciing ti€n hanh nén nhiéu cap. < v
Nén nhiéu cdp con giam dang ké luc pittdng vi -
lyc pittong & cdc cdp gn nhau trii chicu nhau, b} @—;
déng thoi lyc pittong trong mbi cdp nho Vi ti ] —F T
nén ctia timg cdp nhd. Pac diém chia nén nhicu
cap 12 nén k&t hop véi lam lanh dang 4p trun

P op - & @ 'rins Hinh 2.5

gian lién ti€p. Trong chu trinh nén O may nén hai

céip (hinh 2.5b) khi dugc nén tit dp suat hit p, dén 4p sudt trung gian p theo chu trinh
doan nhiét /-2 (hinh 2.5a), sau d6 dugc lam lanh ding 4p dén nhiét d6 ban déu, lic nay
thé tich khi giam di mot luong vng véi doan 2-1". Ti€p d6 khi dugc nén trong cap thit hai
tir 4p sudt p dén dp sudt p, theo chu trinh / "2’ Cong tiét kiém dugce khi chuyén tir nén

s

mot cdp sang hai cdp duge biéu dién bang dién tich 2-1%-2-2".
Phan phdi 4p sut cho timg c&p phai tuan theo cdc nguyen tac sauw:

1. Cong toan phan ciia may nén phai nhd nhat (cling ¢6 nghia 1i cong trong timg cap
phai nhu nhau).

2. Nén khi trong tat ca céc cdp phai tuan theo mét dinh luat.
3. Nhiét d6 khong khi khi bit ddu nén & mdi cdp phéi bing nhau.

Can ctt vio nhitg nguyén tic dé ngudi ta di tim duoc ti s§ nén cua timg cdp trong
may nén khf ¢6 z cdp dung dé nén khi Iy tudng tr 4p sudt p, dén p, nhu nhau va xdc

dinh theo cong thiic:
£=y z’p—z 2-47)
Py

trong dé: y - hé s& ké dén tén that trung gian, y = 1,1- L15.

Két luan trén ciing c6 thé ding cho khi thuc. Chi khi nén cdc khi da nguyén tlr c6
nhiét 46 téi han cao va khi nén céc hoi trong khu vuc dp suat trung binh thi ngudi ta moi
giai bai todn phan phdi dp sudt theo con dudng chon dp sudt trung gian, do la do hé s6
nén ép & c6 gid tri rat khic nhau. Nhu vay trong trudng hop khi thyc, su bing nhau cia
ti s6 nén ¢ & cac cdp s& din dén sy khac nhau vé cong ti¢u hao. ) cdp cao 4p cOng sudt
tiéu hao s& 16n hon. Mat khéc t8n thét trung gian tuong doi § cap 4p sudt thap nho hon &
cAp &p sudt cao. V1 vdy cin chon ti s6 nén giam ddn vé céc cip phia sau theo cong thic:
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g = z/p—2~ + 8y, +8y; (2-48)
P

g; -tisdnénclhacdpthii, véii=12;

trong do:

By, vi 8 - hé so 1én that 4p sudt & phia hiit va phia day.

Khi ting s& cap, chu trinh nén nhiéu cip 1y thuyét s& gin véi chu trinh déng nhiét
(nghia 1a céng nén tiéu hao s€ it nhat). Nhung cong tiét kiém thém duoc do dua thém
mot cip mdi vao s& cang gidm khi s6 cap ting, mit khéc cdu tao cang phifc tap va tn
hao cong trung gian cang 1én. Vi vay khi chon s6 c4p clla mdy nén nang sudt trung binh
vi 16n phai xudt phit tit diéu kién ti s6 nén trong mdi cip khong 16n hon 4 dé dam bao
nhiét d6 trong xilanh khong cao, thuin 1gi cho su bdi iron. Chi & nhitng méy nén nho ¢6
diéu kién lam lanh thuan lgi va trong mét vai may nén dac biét méi duoc phép dung ti s6
nén cao hon.

Tuong quan giifa s cdp thich hop va ti s6 nén clia cdc mdy nén cho & bang 2.5

Bang 2.5

Sa cdp z 1 2 3 4 5 6 7

Ti s& nén 7 5-30 [ 13-150 | 35-400 | 150-1000 | 200 - 1100 | 450 - 1100

Viéc xdc dinh s6 ¢dp thich hgp 13 mét vin dé rit phic tap vi cdn phai dé y dén nhiéu
yéu t6 mau thuin Jan nhau: tiéu hao nang lugng, chi phi dé ch€ tao méy nén, tinh diéu
chinh khi lam viéc, th&i han khau hao.

Dé xé4c dinh anh hudng cla s& cdp lén cong sudt ¢6 thé dung higu sudt chi thi
dang nhiét:

Fy

Ndn _ Ldn

2-49
N L (2-49)

MNedn =

el ct

trong dé:
N, . N, - cong suit chi thi va cong suat dang nhiét, kW;

) . V, 273AB
L, -cong nén dang nhiét, L, = [—)lz—h—‘(lns +—-7T]

1

4

L - cong chi thi trong mdy nén nhiéu cap:

k~1 k—
= g 2 273ABy,
Ld:ﬂmk— (g'])k -1 +l§:(8;)k 1+ Ql}};
&l (k-1 T a3 T,

ol
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€ - ti s6 nén cua may nén;
€] - ti s6 nén ctia mbi cip;
V,, - thé tich hit dugc clia mdy nén & nhiét do T, va dp suat p, ;
T, - nhiét do cu6i qua trinh 1am nguoi trung gian, T{ =T, +5-10°K;
A, - hé s6 nhiét do;
k - chi s6 doan nhiét;
ABp va AB, xdc dinh theo cong thic (2-14) va (2-19).
~ Su phu thudc clia hiéu suat chi thi dang nhiét vao ti s6 nén ¢ khi sé cap khac nhau
cho ¢ dé6 thi (hinh 2.6)

Tloldn
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0,74 <
0,73 ik
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S
oy
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)
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Ty

Hinh 2.6
Né&u chi dé ¥ dén tiéu hao nang lugng thi tir d6 thi (hinh 2.6) ta thay khi ti s6 nén
£ < 4,512 nén mot cap, khi € =4,5 + 11 - nén hai cép; khi €= 11 + 24 - nén ba cap; khi
¢ =24 + 50 - nén bon cép; khi € =50+ 100 - nén nam cép, khi € = 100 = 180 - nén sau
cép va khi € > 180 -nén bay cap.
Dua vao d6 thi dang nhiét (hinh 2.6) ta c6 thé tinh dugc chi phi nang lugng khi giam
s6 cap theo cong thirc: '

R = (M} NMBG, dong (2-50)

Netdn
trong do:
M - s6 ngay lam viéc trong mot nam;
B - s6 gior lam viéc trong mot ngay;
G - gid tién 1 kWh, dong;
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N - céng suat dién tiéu thu cho may nén, kW,
Newn - NiéU sudt chi thi dang nhiét khi s6 cip la z;
Niagn - Ni€u sudt chi thi dang nhiét khi sé cdplaz- L.
Chi phi kh&u hao khi gidam s& cap mot don vi ¢6 thé xdc dinh theo cong thiic:

m .
D=(K-K)—.dén 2-51
( )100 g ( )

trong dé:
K - gid mdy cé z cép;
K'- gid may c6 (z - 1) cap;
m - sudt khau hao hang nam, %.

Néu D > R thi dung s6 cdp nho hon.
2.4.1.7. Céng sudt va hiéu sudt cia mdy nén

1. Céng sudt ciua mdy nén duoc xdc dinh nhie sau:

Cong sudt chi thi cia mdy nén duge tinh theo cong thiic:

N, =Y N, kW (2-52)
i=1

trong d6: N, - cong suat chi thi cha cap thit i hodc cha ldn tdc dung thit i tinh theo cong
thic (2-44), kW.
- Coéng sudt cia truc may nén xdc dinh theo cong thic:
N

= kW (2-53)
Nk

N

trong dé: m, - hiéu suit co khi, phu thudc vio loai mdy nén, dic diém cdu tao, chat
lugng ché tao, trang thdi lip ghép va trang thai clia may.

Déi véi mdy nén hang trung va 16n kiéu dimg c6 con trugt n, = 0,9 - 0,95; déi véi
mdy nén nho loai ding khong ¢6 con trugt n, = 0,8 - 0,85; d6i v6i may nén nam ngang
nhiéu cap 7, = 0,88 - 0,93.

Cong suit ma sat: N, bao gébm c& cong sudt dan dong cho bom dau boéi tron:
N« = NN, Néu bom duge dan dong tir dong co riéng thi cong sudt cla truc mdy nén
cling giam di tuong (ng.

Khi s6 vong quay cta mdy nén khong déi thi cong suit ma sit gin la hing s8¢ va
bang cong sudt ciia khodng chay khong tai khi khong cé xupdp. Vi vay hiéu sudt co khi
Ny £iam khi céng sudt chi thi cla mdy nén gidm. Diéu nay can chi ¥ khi xdc dinh cong
suit & ché do diéu chinh nang suat vdi sd vong quay khong déi.
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Trong hé thong mdy nén cd quat khong khi dé 1am ngudi thi cong suat dan déng
quat khoang 0,05 N .

- Cong suat dong co mdy nén xdc dinh theo cong thic:

N
N, =(L1+1,15)—mn (2-54)
Thy
trong dé: n, - hiéu sudt truyén dong. V4§i cdc mdy nén nho va trung binh thudng dung
truyén dong dai ¢6 1, = 0,95.
2. Hiéu sudt
a) Hi¢u suat chi thi ding nhiét n_,_:

Cong tiéu hao khi nén dang nhiét la nhd nhat, vi vay d6i véi may nén pittéong duong
cong nén ding nhiét 1a Iy tudng va mifc dé hoan thién cla ‘qud trinh nén dugc danh gia
bing hiéu suat chi thi dang nhiét tinh theo cong thirc (2-49).

Hiéu sust chi thi ding nhiét thudng c6 gid tri khoang 0,65 - 0,75.

b) Hiéu suat chi thi doan nhiét xdc dinh theo cong thiic:

Npwn
= 2-55
NcreN N, ( )
trong dé: Ny, - cong sudt trong chu trinh doan nhiét;
-3 k-1
: 273AB
o = PQ Kr gy, 27000 (2-56)
E.;lltlk kT -1 TI
N, - cong sudt chi thi, kW. N dugc xdc dinh theo cong thiic (2-44).
(ia tri cua hiéu suit doan nhiét chi thi khoang 0,93 - 0,97.
¢) Hiéu suat chung cia mdy nén xéc dinh theo cong thic:
N n
n= N: = Nurdn Mek (2-57)
trong d6: N, - cong suit dang nhiét, tinh theo céng thic:
-3 273AB
N, = M(m g +7QJ (2-58)
Sl [

Nhu vay la tir cong thic (2-57) ta c6 thé tinh dugc cong suat cla truc mdy nén N
roi can clf vao cong thic (2-54) s& xac dinh dwgc cong suat cia dong co N

m

2.4.1.8. Tinh todn dong hoc va déng luc hoc mady nén

Trudce khi tinh todn dong hoc can can cit vao diéu kién 1am viéc va dp sudt lam viéc
dé chon loai may, trén co s& d6 xdc dinh cic hé s6 A kp, Ay, A, sau do ti€n hanh
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tinh todn khi dong. Ti€p d6 ta chon trudc vin t6c trung binh cla pittong mdy nén
v, =3—-5m/s r6i kiém tra lai bang tinh toan.

Chon ti s6 % (S - khoang chay; D - dudng kinh pitténg) nhu sau:

V&i mdy nén nam ngang mot cap la 0,6 - 0,7 hai ¢ap 0,7 - 0.8; bacép 0.8 - 0.9.

Véi mdy nén thang diing: ¢é con truot 12 0,4 - 0,6; khong ¢6 con truot 0,6 - 1.

S6 vong quay clia mdy nén (s6 14n di lai cba pittong) tinh theo cong thic:

30
n= —S—" vg/ph (2-59)

D6 thi chi thi duge xay dung theo cac 5§ liéu & phén tinh toan khi dong.

1. Dong hoc co cdu tay quay - bién: d§ ddi, van t6c va gia toc cla pittong phu thuoe
vao géc quay ¢ vi ti so chiéu dai tay quay bién k. =% . Khi giam chiéu dai bi¢n s€ tang
4p sudt trén bé mat trugt clia con trugt hodc trén bé mat bién cna pittong (& mdy nén
khong cé con trugt). Nhung do khéi luong va kich thude mdy khong thé 16n vo han nén

1 1
ia tri k. thudng ldy khoang ——+—.
g LKy g lay g 35 6

D6 doi x cha pittong tinh tr diém chét ngoai (BN). Lic niy pittong va 6 dd cé dinh
nim vé hai phia clia ngdng truc quay (dc cla tay quay). Con diém chét nguoc lai 1a diém
chét trong (DT). *

Gi4 tri do ddi x (hinh 2.7a) xdc dinh theo cong thirc:

x=BO-BO=/+r- (Icosp+rcos®), m

sinf3

Sit dung tuong quan =T _k,,nghia B sinp=Kk,sing thico:

sin ¢

2502 ER
k;sin"¢o k;sin ¢

cosp = 1-kZsin*o=1-
B : ? 5 2

Cic 53 hang tht ba tr§ di c6 thé coi nhu khong dang ké va khi thay gid tri clia cos
vao cong thifc trén ta ¢6:

. 2
X= r(l + Eﬁ%—g— cosm} (2-60)

Vay van toc cuia pittong xdc dinh theo cong thic:

krsin(p}(icg

dx [
v=—=r1]| singp+

dt 2 dt
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B ke & - , d o .
Gia thi€t rang van toéc quay cua truc o = F(p- = const = — thi:
t

v:mr[sin(p+kr52mq’] (2-61)

Gia t6c cua pittong la:
a =10’ (cos@+k, sin2¢) (2-62)

2. Pong luc hoc mdy nén pittong: luc tic dung lén pittong (goi tat 1a luc pittong P)
dugc tinh theo cong thic:
P=P +J, N ' (2-63)

Luc do dp suat khi tac dung dugc xdc dinh theo cong thic:

P,=(p,-p)F, N (2-64)
Luc quén tinh tic dung lén pittong dugc xéic dinh theo cong thic:

I= msrco2 (cosp+Kk, cos’ ¢), N (2-65)
Trong cac cong thic trén:

p, - ap suat khi tdc dung 1én mat trdi pittong, N/m?;
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p, - dp sudt khi tdc dung 1én mat phai pitong, N/m’;
F - di¢n tich bé mat pitténg, m
r - ban kinh tay quay, m;
@ - vin 16c goc tay quay; s
m, - khoi luong tinh tién va duge xéc dinh theo cong thirc:
m, =My, + My + 0,7m,, kg (2-66)

My - khéi luong cla pittong va cin pittong, kg;
m,, - khéi luong con trugt va ic cha nd, kg;
m,, - khoi lugng ctia bién, kg;
Tiép do ta vé dé thi P=f(p) vaxac dinh gid tri P, (binh 2.7h).
Can o vao lyc pittong P sé& xdc dinh duoc luc doc tay bién By, luc Py, tic dung

vuong goc 1én bé mat xilanh hoac mat truot clia con trugt, luc tiép tuyén P, va lyc hudng
kinh P, tic dung lén 4c tay quay theo cac cong thirc:

p

p,=——,N Q-67)
cos P
P =PtgB, N (2-68)
p - Psin@rP) y (2-69)
cosB
r :Pcos((p+B)!N (2-70)
cosp
thnuﬂlxoéntécdungléntnx:khuﬁuxéC(ﬁnhthcocénglhﬁa
M, _py o PSP e 2-71)
' cosP

Nhu vay la dudmg cong M, (hinh 2.7c) hoan toan ¢ dang tring véi dang duong
cong P, viching chi khdc nhau mot hé s6 ti 1¢ bang r.

Moémem xodn trung binh & day bing dién tich f gi6i han dudi dudng cong chia cho
chiéu dai hoanh do /;

) fM.de
Mxib =—=-2

0 _ _ Nem (2-72)
/ 2n

Can ci vao d6 thi ta c6 thé tim duge phan cong du 1én nhat trong mot vong quay
(nghia 13 mot chu ky di lal) A -

A, Ung véidien tich gach gach ¢ phai trén dudng M, vacé gid i la
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A =kgf, J (2-73)

trong do:
f, - d6 16n cia dién tich gach gach nidm trén dudng trung binh, cm?:

kg, - ti 1¢ xich dién tich va duoe xéc dinh: kg, =k k,,, J/om?;

k, - ti 1¢ xich dai, k, =?, rad/cm;

ky - ti 1€ xich momen tiép tuyén, Nm/cm.
Cdc dac trung cha banh da duge x4c dinh theo cong thic:

MR?=10*A_ n’m,, (2-74)

trong doé:
R - ban kinh banh da, m;
M - kho6i lugng tuong duong cla banh da quy vé ban kinh R, kg;
n - s6 vong quay cta banh da, vg/ph;
My, - mifc do quay khong déu clia banh da:
o o ® 1 1

My = —5% min 2O = Denin) = ——— (2-73)
Oy, O yax O 40 80

[ EES min

Dong thoi can ¢t vao gid tri 16n nhat cda cdc luc tvong Gng tién hanh tinh bén céc
chi ti€t va cac don vi lap clia may nén theo cdc thong s6: than xilanh va nap clia né [am
viéc theo dp suat trong p,,,, ; con pittong tinh todn nhir bin mdng v6i dp suat p_,, phan
b6 khong déu; ac cha con trugt hodc dc pittdng tinh todn theo cit, chén dap, udn bdi luc
P .« bi¢n tinh theo nén va udn doc béi lyc P,_,, ; ac tay quay dude tinh theo udn cit
bai Iuc P,,...; 6 dF truc kKhuyu dugc tinh theo nén bdi luc P

T ITdx

: truc khuyu tinh theo’
X0@n v udn khi tdc dung momen xoin M

X ax t
2.4.1.9. Cdc so do cdu tao ciia mdy nén pitténg

1. Miy nén pittong mot cap: tuy thudc vao nang suit va cong dyng ma may nén
pittong mot cdp cé the thuc hién theo so d6 thing diing, ndm ngang vi géc.

Néu nang suat chi téi 5 n-:‘?x’ph trong mot xilanh thi mdy nén thudng thuc hién theo
0 d6 thang dimg (hinh 2.8a) hodc so d6 géc (hinh 2.8b). M4y nén thang diing cd s6 diy
tlr I dén 4 (c6 khi dén 6), (hi du loai mdy nén BBK-200 clia Nga c6 Q = 5m’/ph, p, = 6at,
n = 730vg/ph, N = 33 kW va s6 xilanh 14 2; hoidc loai BK3-6 ¢6 Q = 3m3/ph, p, = Gat,
n = 730vg/ph, N = 20,6 kW va s xilanh la 1. Loai nay ¢6 vu diém 1a chay nhanh.

Khi nang suat mot xilanh 16n hon 10m’/ph va 4p sust khoang 3 - 5at, ngudi ta
ding so d6 thang ding c6 con truot, thi du mdy nén loai 2CT-4 tic dung kép cé
Q =23,5m’/ph, p, =4at, n =365 vg/ph, N = 126 kW.
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M4y nén nim ngang tdc dung kép moét xilanh (hinh 2.8c) ding khi ning suit khodng
10 + 100 m?/ph, thi du loai 700K ¢6 Q =55 + 68 m3/ph, p, =4 at, n = 130 - 150 vg/ph,
N = 128 + 230kW. Ding lam médy nén tuin hoan, thi du mdy nén tuan hoan hén hop
nito hydré loai 5T-3-285/320¢6Q =3 rn3/ph, p; = 283at, p, =320 at, n = 125 vg/ph.

Miy nén nim ngang tic dung kép hai xilanh (hinh 2.8d) diing khi ning sudt 16n hon
100 m’/ph, thi du mdy nén khong khi loai 4BT (Q = 200m3/ph, p, = 2,5 at, n = 167 vg/ph,
N = 610kW).

Loai may nén thang ding khong c6 con trugt ¢6 tu hai dén bon xilanh véi cdc tay
quay lech nhau 108° dat duge can bang cdc lyc quén tinh khd t6t. Loai ¢6 tay léch 90°
dam bio momen xoin tuong dai déu nén chi can banh da nho.

2. Mdy nén pittong hai cap: mdy nén pittong hai cap thuong chi dung téi dp sual 8a¢
v6i cdc loai: thing ding, nim ngang va géc ¢hinh 2.8d, ¢, f, g, h, i, k, 1.

May nén hai csip khong c6 con trugt thudng thyc hién theo so do thang dimg hoic
g6e Khi ning sudt nhd hon 30 m'/ph.

Khi nang sudt cp thi nhat t6i 5 m'/ph thi thuong diing céc so d6 (hinh 2.84, ¢). pé
nang cao nang sudt cé the diing cic so dé kép, thi du may nén loai 160B-20/8 c6
Q = 20m’/ph, p, = 8 at, n = 720 vg/ph, N = 140kW va 6 xilanh (hinh 2.8¢).

M4y nén hai cap ¢6 con truot thudng ding véi nang suit cao hon 30 m’/ph trong
mot xilanh. Loai mdy nén thng dimg hai cap ¢6 con trugt c6 nang suat tir 20m’/ph dén
170 m’/ph, do it mon va d& bit kin nén dugc ding d¢ van chuyén cac khi doc va quy.
Mady nén B-200-2K ¢6 Q = 40m3/ph, p, = 8 at, n = 330 vg/ph, N = 250kW. Loai mdy
nén g6c ndim ngang, thing dimg ¢4 con trugt (hinh 2.8h) ding vdi nang sudt tir 10 m*/ph
dén 133 m*/ph khi ¢6 mot ddy va 16i 266 m'/ph khi ¢6 hai ddy (duoc san xuat nhiéu &
M5). & Lién X0 dd san xudt loai mdy nén BIT 10/8 ¢6 Q = 10m’/ph, p, =6 at,n =735
vg/ph, N = 60kW.

Loai may nén (hinh 2.8i, k) ¢6 wu diém: can bing luc qudn tinh, dé bo tri may va
bo truyén dong, truc ¢ ciu tao don gian. Vi loai nay c¢é may nén khong khi BY-22/6
(Q=21.7m%ph,p, =6 at,n="730+750vg/ph,N = 11GkW ).

Loai may nén nim ngang hai cap c6 con trugt vi cdc tay quay léch 90° (hinh 2.8g)
ddng véi nang suat 100 - 150 m*/ph. thi du mdy nén khong khi loai 2BI" (Q = 100 m’/ph,
p, = 8 at, n = 167 vg/ph, N = 565 kW) hoac loai mdy nén khi coc 3I-141/13
(Q = 141 m°/ph, p, = 13 at, n = 125 vg/ph, N = 1120 kW, duong kinh cdp thd nhat
D, = 1250 mm, duding kinh ¢dp thif hai Dj; = 700 mm). Loai may nén (hinh 2.8/} c6 can
bang dong t6t, chay nhanh va bé nho.

3. May nén pittong ba cdp: mdy nén pittong ba cap thuong thuc hién theo so d6
thing ditng (hinh 2.8m, n) hoic nim ngang (hinh 2.80, p). Loai mdy nén ba cap thang
ding khong ¢6 con trugt chi diing v6i nang sudt nhé. Loai may nén ba cip thiang ding
¢é con truot (hinh 2.8m) dung dé nén khong khi, thi dy loai 2P-10/20 (Q=10 m3/ph,
p, = 20 at, n = 425 vg/ph, N = 95 kW). Loai ba cip thang ditng (hinh 2.8n) thuong dung
dé nén cdc khi dua di hod long.
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Loai may nén ba cdp nam ngang (hinh 2.80) rat chac chin va chi ¢6 mot hop dem, thi du
loai may nén "Vortington" ¢¢ Q = 3,5 m3/ph,- p, = 63 at, n = 300 vg/ph, N = 37 kW.
Nhuoe diém cha loai nay 1a pittong nang né, néu treo pittong trén hai & d& (nhu hinh vé)
thi nang sudt ¢6 thé thuc hién téi 100 m?/ph. Loai m4dy nén ba cap (hinh 2.8p) c6 ning
sudt rdt 16n tng véi dp sudt cao, vi nd can bang duoc luc quin tinh va ¢6 thé quay nhanh.

4. Mdy nén pittong bon cap: loai nay thyc hién theo cdc so d6 thang ding (hinh
2.8q. r). ndm ngang (hinh 2.8s) va doi khi treo theo so do chix V.

Néu nang sudt nho ngudi ta thudng diing cdc so do thang ding. May nén (hinh 2.8q)
dng dung tuong déi it vi dp lyc lén thanh cha pittong cap tha hal kha 1én. Vdi loai nay o
Lien X0 da san xuat loal may nén khong khl SKI80{(Q=3m /ph p,= 200at, n = 365
vg/ph, N = 60 kW) va K — 65 (Q=1,1 m /ph, p, = 220 at, n = 500 vg/ph). Loai mdy
nén (hinh 2.8r) ¢6 thé can bang duge luc quin tinh mot phan. Néu bé tri dudng khi vao
ra hap 1y thi ciing c6 thé can bang duge luc pittong, thi du loai may nén 2P-3/220
(Q =3 m/ph, p, =220 at, n = 400 vg/ph, N = 52 KW).

Mady nén (hinh 2.8s) ¢6 thé can bing cic luc pittong va luc quén tinh.

5. Mdy nén pittong nam cap: loai niy thyc hién chi yéu theo so d6 nam ngang va it
khi theo so dé thang dimg.

May nén nam cdp thing diing cé con trugt (hinh 2.8t) chi dung v6i nang suat nho.

O Lién Xo di ché tao mdy nén nam ngang ¢é nang suit trung binh (hinh 2.8x)
59-14-220 v6i Q = 14 m’/ph, p, = 220 at, n = 167 vg/ph. Khi yéu cau nang suét 16n
hon thi ding may nén kép (hinh 2.8x), thi du mdy nén 3T — 100/200 ¢6 Q = 100 m /ph
n = 125 vg/ph, N = 1760 kW ding dé nén nito hoac hydro. Vi chiéu dai cia mdy 16n nén
it khi diing véi nang suat cao.

6. M4y nén pittong sau cip: ciing nhu mdy nén nam cap, mdy nén sdu cap thuc
hién chii yeu theo sg d6 nam ngang (hinh 2.8v) vh rat it khi theo so d6 thang ding
(hinh 2.8y). Loai may nén thang ding chi diing v&i nang sudt nho.

Loai mdy nén siu cap ndm ngang ludn ludn c6 hai diy va thudng ding khi nang
sudt vira va 16n (50 — 30 m3/ph). Hang Shcod da san xudt loai mdy nén khi ndm ngang ¢6
Q = 100 m*/ph, p, = 300 at, n = 125 vg/ph, N = 1800 kW.

2.4.1.10. Cdc loai mdy nén pittong thong dung

1. Mdy nén pitténg mot cap: cdc méay nén loai nay cé ning suat wong doi 16n khi dp
suat trong doi nhé (5 — 7at). Cic mdy nén pittong c6 thé [a ndm ngang, thang ding hoac
géc (hinh 2.8a, b, ¢, d) va téc dung kép hoac tdc dung don. Mdy nén pittong thang dimg
chay nhanh (200 - 750 vg/ph) vi gon gang hon mdy nén nam ngang, dong thoi sy mai
mon cla pitidng va xilanh & mdy nén thing ding ciing nho hon so v6i loai nam ngang.
nhat 12 khi mdy nén c6 dudng kinh 1én. Vo mdy nén thang dimg c6 cdu tao don gian,
ahc, khong chiu uén, xilanh ciing khong can gid 48, dé 13y pittong nén de lap rip va
stra chifa.
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Luc quan tinh cta bo phan truyén dong tinh tién tac dung theo phuong thang diing
nén mdy it chan dong, b¢ nho, chiém it dién tich. Do ¢6 nhiing wu diém trén nén may
nén mot cdp thang ding dugc dung phé bién hon.

V6i nang suét khoang 10+100m* /ph ngudi ta thuong ding mdy nén nim ngang.
S6 vong quay clia mdy nén nam ngang loai 16n khoang 100 +200vg /ph. O hinh 2.9 1A
so' d6 cta may nén nam ngang mot cap tic dung kép, gobm than mdy (khung) 1 va xilanh
2, pittong rong 3 bang gang chuyén dong qua lai trong xilanh. Xilanh cia may nén cé vo
boc 4 dé 1am lanh khi nén va c6 cic 16 5 dé dat cic xupdp hit, ddy. Pittong 3 duoc lip
chat vao can 6 lam bang thép, mot dau khdc clia can gan véi con truot 7 trugt trong than
mdy. Bong co dién truyén dong cho médy nén qua bo truyén dai, banh da (khong thé hién
0 hinh v€) bing gang dung lam banh dai. Mady nén dugc trang bi cdc dung cu diéu
chinh nang suat tu dong bang cich mé xupdp hit. Cdc dung cu nay sé dua mdy nén
vao trang thdi 1am viéc khong tai khi dp suat trong thung chita khi dat t6i gid tri 16n
nhat, r6i lai dua mdy nén vao trang thdi lam viéc binh thuong khi dp suat trong thiing
chia giam thap.
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Mdy nén pittong thing ding c6 nang suat tir 0,5 m*/ph dén 80 m’/ph. Mdy nén
pittong thang ding mot cip tic dung kép c6 hai xilanh / ciing trong mét than c6 vo boc
nuGe lam lanh (hinh 2.10). Day 1a médy nén tryc tiép c6 xupép hit 4 dat ngay & pittong 3
va xupdp ddy & dau xilanh. Khong khi duoc hiit vao xilanh khi céc 16 & phan duéi xilanh
n6i v6i 6ng hiit duge md ra (ldc pittong chay vé). Khi dé khong khi di vao phan giita clia
pittong, roi qua xilanh hiit dé vao xilanh. Nha dong khong khi di mot chiéu va it bi dot
nong nén mdy cé hiéu sudt cao. Ngoai ra may nén loai nay rat gon va khong c6é hop
dém. Dau béi tron dugc cung cip nhd bom dau 8.

2. Mdy nén hai cap: nhu trén da trinh bay, do ti s6 nén trong xilanh bi giGi han va
khi ti s6 nén tang thi hi¢u suat thé tich giam nhiéu, do d6 dé dat t6i ap sudt cao hon 8 at
nguoi ta phai dung mdy nén nhiéu cip.

Trong cic mdy nén nang suit nho va trung binh ngudi ta dung pittong bac. Daéi véi
mdy nang suat 16n, thi nhiing pittong loai nay rit cong kénh vi ¢6 thé bi ket trong xilanh
nam ngang.
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3 hinh 2.11 12 mdy nén hai cip c6 pittong bac. Trude tién khong khi duge nén
trong cip thit nhat bing bé mat nguyén cla pittong 2 dén dp sudt trung gian. Sau khi
qua thiét bi lam lanh trung gian 7 khong khi dugc dua vao cdp thit hai dé nén 161 ap
suat cudi cung.

Nudc
divao -
5 .
%
> ; I
et !
Cap ~ ) IR i
Tnhatk 1 W R 7 v /
thi nhats | 7% PR Sl i
SR i~ N\ [ /
F DRI N s 7
~ | Ve
\\""‘--. ’.//
Hinh 2.11

120



2.4.1.11. Tinh todn thiét bi lam lanh
trung gian cua mdy nén nhiéu cdp

Thiét bi lam lanh trung gian (hinh
2.12) c6 thé coi nhu la binh chita, cé tac
dung diéu hoa luu luong va ap suat

Thiét bi lam lanh trung gian ctia may
nén nhiéu cdp tinh theo phuong phap
dudi day:

Nhiét do cua nudc khi ra 6, (khi biét
nhiét do cua nuéc vao la 0,) tinh theo
cong thic: '

0, =0, +25+35°K (2-76)

Ta c6 thé chon so d6 lam lanh nguoc
dong hoac thuin dong.

Nhiét do cta khi 1am lanh sau thiét bi
lam lanh lay cao hon 6, khoang 5 — 10°K
khi nguoc dong hoac 1a cao hon 0,
khoang 5 — 10°K khi thuan dong.

Trong da s6 cdc truong hgp lam lanh
khi thuong dung nguoc dong.

Luu lugng cta nuéc W tinh theo
cong thuc:

Q1P Cy (Ty; — Tyisny)

b= T4(i1)

C,(0,-6))

trong dé:

Hinh 2.12

2-77)

Py - khai lugng riéng ctia khi & diéu kién hit cap I, nghia 1a khi & diéu kién p,,

va T,;, kg/m’;

C, - nhiét dung riéng ctia khi, J/kg do;
C, - nhiét dung riéng cta nudc, J/kg do;

T,; - nhiét do cua khi di vao thiét bi lam lanh dat sau cap thit i, °K;
Ti(i+1) - nhiét do ctia khi di ra khoi thiét bi lam lanh, °K;

Q, - nang sudt thé tich, m’/s;
W - lugng nude lam lanh, kg/s.

Hiéu s6 nhiét do trao déi nhiét trung binh (tuy thudc vao so dé lam nguéi) xdc dinh

theo cong thitc:
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Khi nguge dong:
_ (Tzi _82)_(T1(i+i) _8|) o

AT K (2-78a)
233@@ )
Ty =9
Khi thuan dong:
ar =L ‘91)‘?'%) =0) o (2-78b)
2,31g#
Tigieny =62
B& mat trao déi nhiét xc dinh theo cong thic:
C_ (T, =Ty,
F:le” p( 2i T g 1))’ m? (2-79)

kAT

trong d6: k - he s6 truyén nhiét, k = 50=70W /m?d6. Gid tri chinh xdc cla k cén tinh
theo cdc phuong trinh riéng.

2.4.1.12. Cdc chi tiét cia mdy nén pittong

1. Bo phan phan phéi: con chin va xupdp duge dung 1am bé phan phan phoi trong
may nén.

Con chin clla mdy nén pittong giong con chin clia mdy hoi va thudng ding trong
dudng hiit chia bom chan khong, nhung trong dudng day luon ludn dat xupdp dé tranh sy
nang cao 4p suét cé thé xay ra trong xilanh. Con chin thudng phing hoic tru, trong dé
¢6 rianh dé can bang ap suit.

Xupép trong da s6 trudng hop la tdm thép khong gi ¢6 chicu day 1 + 2Zmm. Khoi
lugng cta xupdp can phai nho dé gidm trd lyc. Xupdp déng dudi tic dung ctia luc 16 xo
hoac tinh dan hdi cta ban than. Phia trén 14 xupdp cé dat cdc con chin dé gidi han chiéu
cao nang.

Loai xupép t& hop va vong ciing nhur loai ban chit nhat duge dng dung nhicu.

Chiéu cao nang cta xupdp thudng vao khoang tir 4 + 5Smm. Hop xupap dugc lam
lanh bing vo boc ngoai. Déng thdi trong qua trinh 1am viéc cdc 1a xupdp cé thé gy, do
d6 phai bé tri sao cho dé dé 18y xupdp ra.

Cic yéu cdu cha xupdp: kin trong trang thdi déng, mé va déng kip thoi; trd luc nho,
6n dinh v&i su mii mon va bén; thé tich khoang hai nho.

S6 vong quay clia mdy nén cang Idn thi cing khé tao nén nhiing xupap dap ting yéu
cau (rén.

Luc 16 xo xupap cén tang theo s6 vong quay khi khéi lugng phan chuyén dong (1o
x0 + 14 xupdp) khong déi. Tuy nhién ting thém lyc 16 xo gay nén tiét luu phu cua khi,
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giam nang suat va tang cong suat. Vi vay cai tién su lam viéc clia xupdp khi s¢ vong
quay 16n khong nén bang cdch tang luc dan héi ma la giam t6i han khéi luogng céc
phan dong.

Xupdp tu tdc dung chi yéu 1am bang thép tim. Tuy thude vio dang ctia tim huéng
clia dong nguoi ta chia ra: Xupip dia, Xupap vong, xupdp 14 va xupap thuan dong.

a) Xupdp dia (hinh 2.13) tao v6i d&€ mot 16i hodc nhiéu 16i, tim Xupdp trong dang dia
va ¢6 cdc clra vong dé cho khi qua.

Hinh 2.13

b) Xupdp vanh khan hay con goi 13 xupdp cao ap (hinh 2.14) don gian va viing chic,
vi vy nguoi ta thudng sir dung nhiéu hon tuy thuoc vio tiét dién chdy céan thiét ma s6
vong ctia xupdp c6 thé tir 1 - 4 va doi khi nhiéu hon.

Dé hudng cdc xupdp ding cdc gan nho trong bo phan gi6i han chuyén dong
clia Xupap.

Hinh 2.14
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Lo xo ¢ thé 1a loai vong
déng tam (hinh 2.14a) hoac 3, 4
cai nho riéng 1é cho moéi vanh
(hinh 2.14b).

Loai sau dung trong cdc
xupdp hién dai, vi khai luong 10
xo nho. Khi céc 10 xo nhu nhau
cé thé dat dugc cdc luc khic a)

nhau nho do sau cta 6 10 xo va "

“,

L7

o T

s0 10 xo0.

¢) Xupdp li (hinh 2.15a), vl
phan chuyén dong c6 khai lugng nho. Cac tdm xupdp c6 dang hinh chif nhat va c6 tinh
chat 10 xo, nén & trang thdi tu do ndm sit vao d€, nhung dudi ap sudt cta khi thi uén
xuéng ding hinh ddng 16m clia bo phan gidi han.

D6i v6i cdc mdy nén tic dung don, ngudi ta dung cdc xupdp phéi hop ca day lan hit
dat & nap.
d) Xupdp thuan dong (hinh 2.15b) gém nhém d€ va la dan hoi déng kin t6i d€. Bé mat
lam viéc clia d& c6 céc ranh, ching duge tich boi cac vom va dung lam ranh di qua. O phia
sau ctia d€ bé mat triing vao va c6 dang nghiéng chur V dé 14 xupép ép vao d6 khi ma.

Loai xupdp ndy gidm tén that t6i 25% va c6 wu diém gidm khong gian c6 hai; 14
xupdp it bi mai mon va ép sét t6i d€. Khong c6 su xody cua khi, vi vay pham vat chdy va

can than it tich luy.
Ciéc kich thudc chu yéu cua xupap:
- Bé& mat ti 1 + 2,5mm; chiéu day cla ld xupap vong 1 + 3mm, trong trudng hop ép

sudt cao day dén 4mm.

Tam u6n ctia xupép l4 day 0,5 + lmm, con trong cdc Xupap tron tim bén ngoai co
chiéu dai ngin nén mong hon.

& céc xupép tron thuan vong (khi chiéu cao 60mm), chiéu day tdm cua xupap hut
cap I 1a 0,3mm; xupap ddy cap I va cic xupdp cap I 1a 0,4mm.

Nguyén nhan chinh lam héng xupdp la su va dap cta 14 xupdp vao cdi gidi han cua
dé. Su va dap tang 1én khi ddu thira va sy tich im x4u, 14 xupdp dinh dén dé€ va bo phan
gi6i han bi gir lai khi bat dau md va dong, nhu thé 1a xupép bi va dap khi déng va ma.
Va dap manh clia cic tdm cling nhu xody trong dong khi nay sinh trong 6ng hit va 6ng
ddy. Va dap gy ra gly 14 xupép, cdi gidi han va bu long git né vai dé.

Dé nang cao thoi han st dung xupdp ngudi ta han ché chiéu cao nang clia né (chiéu

cao nang thuong khoang 4 + Smm).
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Vit licu lam xupdp

Xupép gdy hoac khong kin ¢4 thé 14 nguyén nhan ndy sinh nhiét d6 nguy hiém va ap
sudl cao trong cdc xilanh. Vi vay vat liéu lam xupdp phai ¢6 yéu cau cao.

a) D& xupép: dp suit thip lam bang gang CY 24 - 44; dp sudt cao lam bang thép 35,
40, 45 hoic thép khong gi.

b) Cdi gidi han: Didc biang gang CY24 - 44 hoac thép.

Theo quy chudn déi véi xupdp vong clia Vién ché tao may hod thi cdc tam xupap
phai 12 thép 30 XI"CA hoiic 3X13 va do citng sau khi gia cong nhi¢t 1a HR48 - 52.

L4 xupdp dia va vong cla xupdp lam bang thép tim dugc cdn hai huéng.

L4 xupép duong kinh nho bang thép dai. Sau khi gia cong nhi¢t phai mai cha nhan
ching vé hai phia dé nang cao do bén va dap va dé€ sit dung phia thit hai cua dm.

L4 xupdp vanh vi dia duoc mai nhan déng tam, con 14 xupdp dai mai doc theo chicu
dai cua chiang.

Ciéc tdm 10 xo chia xupdp 14 va thuan dong ché tao bang dai thép da duge nhiét luyén
(thép Y10A).

Ld xo xupdp lam bang thép 1o xo 50X®A bing cdch cudn lanh sgi thép u ¢6 nhiét
luyén lién ti€p: thudng hod & 720 - 730°C, 1am lanh bing khong khi, t6i trong dau &
860°C va nhing vao bé mudi hodc chi & nhiét do 400 - 420°C.

Ung sudt xoan trong 1d xo xupdp khong cdn cao hon 15000 - 30000N/cm?.

Néu 1o xo xupdp giy dan 16i gdy xupdp, hong d€ xupdp va doi khi ca xilanh va
pittong cling bi hong.

2. Xilanh: hinh dang ciia xilanh phy thudc vao dp sudt, nang suat, loai my nén, nhiém
vu cQia may nén, phuong phap lam lanh va vét liéu lanh cta xilanh.

D61 v6i ap sudt 161 60at (khi kich thude rdt nhod va dang don gian t6i 220at) cac
xilanh 12m bing gang CU21-40; véi dp sudt tir 60at dén 150at céc xilanh lam bang thép
dic CT'35; v6i dp sudt cao hon lam béng thép hoac thép khong gi (dp suat 800 dén
1000at ding 30XMA).

Xilanh diic bing gang ¢é dang phifc tap hon thép.

bé don gian khi didc, ngudi ta ¢6 thé chia xilanh thanh ba phin. Xilanh rén déi khi
ché tao véi cac hop xupdp rén hoic dic tich riéng. BE mit lam vi¢e cla xilanh duge gia
cong can than, mai hoidc doa khi san xuat hang loat. D€ khong tao thanh cdc chd nho ra,
khi ché tao bé mat 1am viéc thi tan cing & hai ddu nén bng do doc nén phai bo tri
chiing thé nao dé vong bét kin dau tién va cudi ciing trong vi trf tdn cling cla pittong nho
ra khoi mép bé mat lam viéc khoang ! - 2mm.

Trong xilanh thuong dat bac khé bang gang peclit, loai nay c¢6 kha nang chong
ma sdt cao hon va 16 chifc kim tuong t6t hon so v6i gang diic thudng.
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DGi v6i ap suat thap dung gang CH21-40; véi dp suat cao dung gang CH32-52.

Sir dung loai gang nay chat luong bé mat 1am viéc duoc nang cao va yeu cdu cua cdc
phim vat dic giam xudng. Nhung truyén nhi¢t € khod khan hon.

Bac chi c6 dinh mot ddu bang géc lugn, con diu kia tu do d¢ dé din no.

Dé giam luc chiéu tryc 1on xudt hién khi bién dang nhiét do va tac dung lén gdoc
luon céc bac coa xilanh cao ap, ngudi ta cho sai l¢ch gitra kich thudc xilanh va bac véi

dung sai nho: ¢ % gan phin déc goc lugn bang (0,00015 + 0,0002)D; o % con lai cua

bac bing (0,00005 + 0,0001)D.

Pé tang do bén cla bac, viéc chuyén tir phan hinh try sang phan déc lugn theo mat
nén hodc béan kinh phai tr .

Xupap dugc b6 tri & than xilanh hoac & nap, con tryc clia xupdp dat hudng kinh,
nghiéng hodc song song voi truc cua xilanh.

Loai xupap c6 truc dat hudng kinh duge tng dung trong mdy nén nang suat t6n va
vira, n6é o6 kha nang bo tri xupdp vdi tiet dien di qua 16n. Song khoang hai 16n.

Loai song song Vv6i truc xilanh cé khoang hai 16n, khé 18y xupap & trong va khi hit
néng. Nhung cé uu diém 13 tdm xupap nam ngang.

B& tri xupap 3 nap xilanh tic dung don lam don gian céu tao cia xilanh.

Xupip dat nghiéng thudng dung trong xilanh téc dung kép v6i nang sudt trung binh
vi 160, ¢6 kha nang khong tang khoang hai ma ti¢t dién khi qua van 1én.

Cic nap xilanh, cic xupdp va cic hop xupdp dugc bét kin biang déem dong hoac dém
nhom. Trong cdp p suat thip ding paronit vi dém déng - amiang phdi hop. be déem
kim loai mém cd thé lam viéc thi dp sudt nén ricng phai 16n hon giéi han deo cla vat
liéu d6 (chon chiéu rong dém nho).

Ap sudt riéng cuc tidu gay nén sy mém cta dém nhom va dong do u la: 7000 -
10000N/cm?; véi paronit - 600N/em”.

Pé dam bao do bén chia vat ligu xilanh cin gidi han dp sudl ricng trén dém: véi gang
khong nén 16n hon 15000 Nfcm” va véi thép khong nén Ién hon 30000N/cm”.

(} nhilng may nén 1dn, thoi gian gan day ngudi ta bat kin nap xilanh, xupdp, nip hop
xupap bang sy mai nhin bé mat tiép xic ¢6 chd ti ti€p theo Chiéu rong cla bé mat mai
nhén chon trong khoang 2,5 - 25mm.

Trong 16 lam viéc clia mdy nén lén va vira ¢6 16 chi thi (tam ren) dé lap dung cy chi
thi (khoan & trong khoang hai).

Bat k¥ loai mdy nén ndo ciing phai lam lanh. Nudc dan vao lam lanh di tir dudi len.
Khi 1am lanh biing khong khi thi phia ngoai xilanh ¢4 gan:

Tiét dién 6ng din khong khi xdc dinh theo cong thitc:

126



g o Yof (2-80)
Vit

trong dé:
Sn L - s e
Vi = 30 van t6c trung binh cua pittong, m/s;

F - dién tich pittong, m*;
Vi - van toc trung binh cia khi trong éng. DG vi 4p suat thip; vy, = 12 + 18m/s;
dGi v6i ap suat vira v, = 10 + 15m/s; d6i v61 dp sudt cao vy, = 8 + 12m/s.
Tiét dién cha 6ng din trung gian chon bing hoac gip 1,5 + 2 lan gia trf tinh theo
cong thite (2-80).

3. Pittong gém cd 3 loai: ha, dia va bac:

a) Pittong hd duge ding trong cdc mdy nén khong ¢6 con truot. Khi lam vi¢e thanh
phin 4p lyc riéng hudng kinh tac dung theo bién ép pittong I¢n bé mat clia xilanh (gia tri
cuc dai khi bit ddu ddy) va duge xac dinh theo cong thic:

=5‘ﬂ<15+3s N/cm?® (2-81)

max r

trong dé:

D - dudng kinh pitténg, cm;

H' - chiéu cao pittong trir tdng chiéu cao cdc vong bit kin, cm. Chiéu cao hoan
toan cua pittong H = (0,8 +1,2)D;

Pamax - 1U¢ ép 10n nhat 1én bé mat xilanh tinh theo cong thic (2-68).

Pittong hd ctia cdp 1 va II thudng ¢6 bon vong, hai vong vé phia 16 1am viéc 1a vong

bit kin con lai hai vong la vong mang dau. Nhi¢m vu cha chiing 1a ddy khoi bé mat lam
viée lugng dau thira.

Ciing véi pittong bang hop kim nhom ngudi ta ciing ding gang cht luong cao de
ché 1o nhi; CHU24 - 44, CHY28 - 48.

Day pittong tinh nhu 14m phng tron, dng sudt udn 16n nhat la:

2
_ 088”5 (2-82)

° 82 uep

u

trong dé: p,.., - 4p sudt 16n nhat trong xilanh, N/cm?;
r - ban kinh vong bit cua pittdng, cm;
& - chiéu day day. cm

G, - Umg sudt uén cho phép cia vat liéu lam pittong, N/em?®.

P
bai vdi pittong gang ¢6 gan tang bén o, = 10000N/cm?; v6i pittong gang khong c6
gan tang bén o, = 3000 - 3500N/cm?.
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Khoang ha duong kinh &, giira pittong va xilanh & trang thdi lanh chon trong khoang:

0,8+1,2)D
= ! (2-83)
1000
Poi véi pittong nhom §,, tang 1én 2 lan.
Kich thuée cia dc pittéong duge xdc dinh tir diéu kién:
P
ma = 2, Nfem’ 2-84
p dl (2-84)

trong dé:
P, - luc pitténg 16n nhat, N;
d - dudng kinh ac, cm;
[ - chiéu dai thanh truyén, cm
Kepmax- (g sudt chén dap cho phép cla vat liéu lam Ac pittong, 1dy bing 1500N/cm?.

Ac pittong duge 1am réng v6i dudng kinh 16 dy = (0,6 + 0,7)d. Tiét dién cta nd kiém
tra theo udn giong nhu dam c6 hai ddu tra tr do va tai trong phan bd déu. Ung sudt cho
phép t61 9000 N/cm? d6i vdi thép céc bon va 15000 Nfem?” ddi vé6i thép khong gi. Ung
suat cho phép cit khéng qud 5000N/cm?.

Ac 1am bing thép 15X4, ISXMA hodc thép 45, 40XA;

b) Pitténg dia duoc ding trong cdc may nén c¢é con trugt. Cic ddy cla pittong gan
vdi nhau bang gan. Khi dic bang gang, cdc gan thudng khong dinh véi thanh truc cla
pittong dé trdnh ting sudt dan va co mit.

Cic pittong cia mdy ndm ngang treo trén can hodc dua 1én bé mat lam viéc cua
xilanh. Trong trudng hop sau ching cdn phai cé bé mit mang riéng, d¢ dam bao su din
n& nhi¢t cha pitténg (bé mit mang cé géc 6m bing 90° hodc 120°). Pham vi cia pittong
stra lai theo kich thudc xilanh va ¢é khoang hd 1 - 2 mm. D€ gidm sy mai modn cta bé
mat mang ngudi ta do babit b-16 hoic babit canxi. Loai nay dé gia thém, gidm mai mon
va c6 kha niang khoi phuc bé mat da bi mon.

Ap suft riéng trén bé mat mang clia pittdéng x4c dinh theo cong thic:

_Mg
bH'

k <k (2-85)

op?
trong dé:
g - gia toc trong trudng, m/s?
M - Téng khéi lugng cla pittdng va nira cén, kg;
b - chiéu rong mat mang, cm;
H' - chiéu dai cua mat mang, cm;

ke, - dp suit cho phép, Nfem’;
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Khi khéng ¢é babit k., = 5N/em” &€ tranh mai mon nhiéu. Khi ¢6 babit k=10 N/em?,

Phin 16n pitténg ¢é cau tao ¢6 dinh trén cdn nhd phan hinh tru (loai nén it ding),
chuyén tigp tir phan d& pittdng dén cdn ¢6 bdn kinh cong.

Vi tri chia pittong v6i bé mat mang dugc ¢6 dinh trén cdn bing chot hoac then.
Pittong lap chat trén cidn phéi cang dé loai trir khoang ha chiéu truc va kha nang va dap
gifta doan udn cong hoic 6ng can véi pittong. Oc pltai ¢6 dinh viing vang, vi néu tu md
dugc ¢ the dan i hu héng ning.

Vat liéu lam pittong cla mdy chay cham Ia gang CY 21-40 ¢6 HB 170-229. Pitténg cta
may chay nhanh va ¢6 dutng kinh 16n lam bang thép han.

¢) Pittdng bac duoc 1am ca khai hodc timg phan.

Trong céc xilanh phic tap phai dir dinh trudc kha nang ty lua cta timg pittong riéng
trong xilanh. Vi muc dich ndy pittong cap thép 4p lién hé vai ¢cap cao dp bing gdi ciu
€6 8 d&. Nhur vay con ¢6'thé dich chuyén pittong cao 4p véi thap ap.

Ngudi ta lam cic vong pittong ¢6 khe hd gidp méi. O trang thai tu do kich thuéc clia
vong 16n hon dudng kinh xilanh. Vi vay khi dat trong xilanh, vong tdc dung mét 4p suat
fén thanh cia xilanh. Ap suat tic dung theo chu vi (vdng) trong ciia vong gan dp suat khi
trudc né, cao hon 4p suat trung binh tdc dung theo vong ngoai va tao nén 4p luc phu ép
vong dén xilanh. Vong & trong ranh cua pitténg va cé mét khodng hd. Khi mdy nén lam
viéc, do hiéu s6 4p sudt vong s& €p chit vao mot mat dau cha ranh.

Néu cdc vong lam that 161, thi tén that chi yéu chi qua khe hd trong vong. Nguoc lai
néu lam khong cdn than thi t8n that chi yéu la gira vong va xilanh, giita vong va rinh
pittong. O day do chu vi 16n, nén ¢6 thé tao ra tiét dién I6n.

S6 vong trén pittdng phu thude vio ap suat (bang 2.6).

Bang 2.6
Ap suit, (N/em?) S6 vong ]
5 2-3
5-30 3-6
30-120 6-12
120 - 350 12 -24

Tén hao khi (rd) giam xudng khi tang s6 vong quay. Vi vay déi v6i may nén quay
nhanh ta Iy s6 vong pittong nho.

Réanh vong c6 thé thing, nghiéng 45°, 60° hoac chir S. Ranh chif S hodn toin khong
khac phuc duoc su rd khi.

Du6t téc dung cia lyc tiép tuyen cia dong khi, cdc vdng ché tao ¢6 khod nghiéng s¢
quay di va cdc khod sé& bo tri trén mot dudng. D¢ trinh diéu nay, ngudi ta lam cdc vong
¢6 khe khod nguge nhau va bé trf 14n luot lién tiép.
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Thoi gian lam viéc cua vong pittong phu thoc vae chat luong vat liéu lam vong, lam
xilanh va chét lugng gia cong ching. Ngui ta 1am céc vong bing gang peclit chat lugng
cao. D€ 1am cho sy mii mon déng déu thi vong va bac xilanh ¢idn ¢6 do cimg nhu nhau
HBI190-241.

4. Hop dém:
fgng 1o ri cua chat 1ong hoac khi qua hop dém dugce xdce dinh qua cong thiic:
V= -2-‘&%;“1@ , om'/s (2-86)
ke

trong do:
Oy, - khoang hd hudng kinh, cm;
d - duong kinh cin dugce bit kin, cm;
{, - chiéu dai hop dém, cm;
AP - @6 ha dp sudt, Nicm?;
1 - d§ nhét dong hoc, Ns/cm?.

Cong thite ndy diing khi ché do chay la chay tdng va cdn pittdng nim chinh giita hop
dém. Khi cdn nam léch tim khoang hd tang, 1am tang lugng rd 16i 2,5 lin. Khi bdi tron
bang chit long, do nhét 1on thi luogng 1o gidm va khi khodang hé tang thi luong ro
cling tang.

Trong cdc may nén, ngudt ta ding hop tw bit kin. Ap suat trén bé mat bén ngoai cua
dém bit kin tao nén dp luc hudng kinh trén cdn (I6n hon dp suat duge gidm trong khodng
ho gita dém va cdn). Do vay dém ép vao cén.

Vat ligu ding lam dém li cdc 6ng da va kim loai. Ong da chic chin va thuan loi khi
van to¢ cdn < Im/s con vong kim loai ¢6 thé 1a dang phing hoac dang nén. Trong ca hai
truong hop cic vong ¢6 theé chuyén dich theo chiéu hudng kinh 16i truc cta cdn. Vong
loai phang dung véi dp sudt nhd va vita (161 LOOON/cr™), vong lam béang déng thanh
hoac gang chong ma sit ACH-1 ¢6 do cdang HIB190-210, v6i trusng hop sau HB52-62.
Cé khi diing céc vong ¢é dé babit.

Vong loai nén ding véi dp suat cao. Khi dp sudt mdy nén p < 30at thi lam béang
babit ddc bi¢t. Khi p t&i 3000at va cao hon thudng ding hpOC8-12 véi HR635-73, loai
ndy on dinh véi bao mon hon babit.

Thanh phan dac bigt cla babit ¢6 do cung HB 20-35 ing dung 1am hop dém gdm:
Sn=355-6,5%; Sb=13- 15%; Cu=0,24 - 0,28%, con lai la Pb.

Theo thoi gian st dung, luong ro qua hop dém ting. Dé nang cao thoi han sir dung
cén dugc 161 va mai bé mat. Khi bit kin bang hop dém dp sudt cao thi phai mai nhén cén
than. D6 cing bé mit va do mai mon cha cdn cao hon khi nito hoa. Can dugc nito hoa
duge ché tao tir thép 35XMIOA.

130



2.4.1.13. Piéu chinh mdy nén pittong

Cac mdy nén lam viée trong cdc day chuyén sin xuit khic nhau thudng yéu ciu luu
luong bién doi khi dp suit khong déi. Vi vay muc dich diéu chinh mdy nén pittong trong
da s truong hop [a duy tri dp suat cudi khong déi.

Cédc phuong phép diéu chinh phé bién nhit 1a: bién déi s6 vong quay cla dong co;
dimg dong co tam thoi hoac tich mdy nén khoi dong co; ép cdc xupap hit; déng dudng
ht lai; lap thém cdce (hé tich phy; tié1 luu khong khi trong duong hiit.

1. Bién doi s6 vong quay: la phuong phép diéu chinh kinh t€ nhat khi déng co cho
phép bién déi timg bac hoic lién tuc s6 vong quay.

Hién nay chi ¢6 ding truyén dong mdy hoi [a bién déi sé vong quay tuong déi kinh
t& (vi cong riéng dé nén im’ khong khi khong déi). Qua s6 lieu thuc t& cho thay hicu
suat cia h¢ théng mdy nén truyén déng mdy hoi khong déi khi gidm nang suat (s& vong
quay) hon 3 fan.

2. Dung dong co tam thoi hodc tich may nén ra khoi dong co (loai diéu chinh gidn
doan): Trong trudng hop su bién déi phu tdi mang diic trung én dinh va lau dii thi dimg
dong co 12 hop 1y nhat, thudng st dung véi mdy cé N'< 50kW.

Viéc dimg va khéi dong lai duge diéu khién bing cac dung cu wr dong diéu chinh.

Uu di€m clia nd 1a ti¢t kiem dugc nang lugng, nhimg khéi dong lai gay nén bién déi
dong dién trong mach rat nhi€u va yéu cau thé tich thiing chtta 16n. Ngit may nén khoi
dong co thue hién bing néi tryc dién tir tiét kiém dugc it nang luong nhung khong gay ra
bién doi dong dién khi khai dong lai mdy nén. Vi vay né duoe ding khi ¢ong suat 16n.

3. Ep xupdt hiit (loai diéu chinh gidn doan va diéu chinh lién truc): 1a mot trong
nhimg phuong phdp don gian dé thuc hién nhat (hinh 2.]6a).

Viéc €p cdc tim / cha xupdp hiit duge tién hanh bang dia 2 néi véi pittong nho 3 ¢
trong xilanh 4 (chiu tai tir dudi bdi 10 xo0) va duge 10 xo nén tir dudi 1én. L6 trén cha
xilanh n6i bang 6ng 5 vdi thing chia khi (khi dp suat dugc nang cao). Khi dp sudt ca
thung chia Idn 16n hon dp sudt cho phép thi pittong va dia s& dich chuyén vi nén Ién
Xupdp. Xupidp hit mé dén khi nao ap suat trong thiing chita gidm 16i binh thudng. D6 la
s¢ d6 diéu chinh gidn doan. & hinh 2.16b 1a so dé diéu chinh dam bao md xupdp & mot
phan khoang chay.

Neéu xupap md thi khong c6 su nén khi va cong tiéu hao chil yéu d¢ thing ma sét.

Phuong phdp nay it fiét kiém nang luong hon phuong phédp dimg dong co v tich
mdy nén khoi dong co.

4. Dong dudng hat lat (1a loai diéu chinh gidn doan): vé kinh &€ phuong phéap nay
gan nhu phuong phdp trén va thi¢t bi diéu chinh trong truémg hop nay ciing tuong tu nhu
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trong truong hop trudce, chi khic la & day bo phan diéu chinh tdc dung 1én bo phan déng
cua truc hidt. Cong sudt ton tir 2 - 3% cong suit mdy nén.

I}
|
i
4
3
2 | '_
= Y £ ‘
1 YZRZ N {'
a) T
[
bT—q
3,i é
c) b)
Hinh 2.16

5. Lap them céc thé tich phu (1a loai diéu chinh timg bac): ¢6 thé gidm nang suat
nhd tang thé tich khoang hai va nhu vay 1a gidm hé s& thé tich A, giam khoang chay cé
ich. Tang thé tich khodng hai timg bac bang cich ngi vao xilanh mot hoac nhiéu 16 trong
(hinh 2.16¢). V§i cdch néi nay nang suat 1ap tic bi gidm xudng.

Thé tich phu V, can n6i thém vao thé tich xilanh d6i véi khi 1y tudng:

a) Khi ty s6 nén va dp suat khi thay déi:

VA - SRirhy
vV, = _Pih (2-87)
(€)’'™ -1
b) Néu dp suat hit khong bién déi:
Vihy - T
o T (2-88)
(€)™ -1
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¢) Néu ty s6 nén € khong thay déi:

VAl (-
v, = Uz0) (2-89)
(EP) ny, __1
trong d6:
m;- chi 86 da bien phy thuse vao sy lam lanh I8 phu, trong tinh todn liy m, = k
(k - chi $6 doan nhiet);

o- mitc do giam ning suat (ty 80 gilta nang sudt khoi lugng da bi giam va nang
sudt toan phin clia mdy);

s A - hé s6 nhiét do tng véi diéu kién cii va méi:
Ays Ay~ hé $6 thé tich tmg véi diéu kién cii v méi;
€, £- ty s nén ¢l va mdi.

D3i v6i khi thue, thé tich phy néi them durgc xde dinh theo cong thiie:

v, (1; . zé&k._kv_]
vV - 3

(t:! f kf
P toes Ulk.l.)l : L (2-90)
SET
&
khi € = const, p, = const thi:
v, =————V”)ﬁ',9_*°) , m’ (2-91)
SE
&7

trong d6: &, &,, &'\, &', - cdc h¢ s6 nén ép khi twong tng véi dp sudt hidt va day khi ning
suat thiét k& vi khi nang suat di didu chinh.

Chit y 13 nang suat cia may nén nhiéu cdp duoc xdc dinh béi cap thi nhat, Vi vay,
dé gidm nang suat ta néi them cac 16 phu chi & cap 1. Viéc phan phéi nay chi g4y nén su
phén phoi lai 4p suat & cic cap sau. Néu bing cich néi 16 phu vao cap I, thi khong nén
diéu chinh trong khoang rong, vi trong cic cdp sau ty s§ dp sudt tang lén, do d6 ¢ thé
nay sinh nhiét do cao khong cho phép.

Diéu chinh ning suat bang cdch them cic 15 phu 12 phuong phap diéu chinh kinh &
ca khi trumg hop 16 phu chi & cép [, su phan phoi lai ap suat khong gay nén sy nang cao
ticu hao nang luong riéng. Khi giam nang sudt tir 100% xudng 70% s& tang khéng [6n
hon 2% cong suat chi thi hoan toan,

L6 phu ¢6 thé dat truc tiép & xilanh hodc ¢ binh riéng ¢ thong véi xilanh

bé diéu chinh nang suat tir tir hon thi dang loat 16 phy ¢6 pittong chuyén dich.
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6. Tiet luu ren dudng hat (loai diéu chinh lién tuc): khic véi truong hop diéu chinh
bing dong kin dudng hit & chd la tict di¢n dudng hiit chi bién ddi tir tir. Phuong phép
niy chi hop 1y khi ty s6 nén l6n (¢ >3,2). Loai diéu chinh niy it kinh & nhat, vi lam
ting ty s6 nén va tang nhiét dé cudi. Vi thé, dé dam bao an toan cho may khong nén
di€u chinh trong khoanh rong.

2.4.1.14. Vdn hanh mdy nén pittong (khéi déng va sit dung)

1. Thir mdy nén sau khi lap rdp va dai tu: chia 1am hai giai doan:

Giai doan mot: Thir khong ¢6 xupdp va nip cita hop xupdp (thu lanh - thir khong 1ai)
véi thoi gian 5 phiit, 15 phiit, 30 phit va 6 gid. Trong khodng thoi gian giita cac 1dn khoi
dong phai xem x¢t cdn than may nén, ki€m tra su d6t néng cdc chi tiét lam viéc va khac
phuc cdc nhuge diém. Khi phat hién tiéng dong khong binh thudng hogc tiéng va dap,
thi tir tir dimg lai kiém tra va khac phuc. Lan khéi dong ti€p theo chi bat ddu khi da khac
phuc dugc céc nguyén nhan gay ra tiéng dong hoic va dap.

D6 kin cia xupdp di 1dy khoi may nén duge kiém tra bang nude.

Sau khi chay khong tai ngudi ta thay ddu trong hé thong boéi tron va chuan bi mdy
nén dé thir ¢6 tai (thir néng).

Giai doan hai: Thir néng véi thoi gian 30 phiit, 6 gity va 48 gidy, sau d6 far thay dau.
Lan thir 6 gio, thir & 4p suat thap hon (gidm lat khi ap suat lam viéc p;, <10at), con lin
thir 48 git ¢ dp sudt 1am viec. Néu trong lan thir 48 gid mdy nén [am viéc binh thudng vi
khong ¢6 sai st gi thi tram mdy nén ¢ thé dua vao lam viéc lau dai.

Khi thir méy nén c6 thé xuat hién nhig hi¢n twgng bat thudmg chi yéu sau day:

a) Céc b¢é mat [am viéc bj dt néng: Néu dot néng tat ca bé mat dong déu thi chinh 1a do
luu luong ddu khong di. Néu chi mot phan bé mat bi dét néng thi do lap ghép khong ding
(lap cang qud, déng cdc chi tiét khong chinh xdc);

b) Tiéng dong khong binh thudng khi méi bit ddu khdi dong 1a do lap ghép khong
diing. Néu tieng dong khong binh thudmg xudt hién trong thi gian lam viéc thi do xiét
bulong & cdc mdi ghép yéu hoac do c6 vat la roi vao;

¢) Phan phéi dp suat theo cic céip khong diing 1a do xupdp khong déng kin, 1ap ghép
xupap khong ding va xupdp bi gay.

Cén chii ¥ néu mdy nén lam viéc vdi cdc khi dé né, chdy thi can phai day hét khéng
khi bang khi tra (N,.v.v...) sau khi thir.

2. Khéi dong mdy phai thuc hién nhu sau;

a) Trude khi khai dong can quan sat cdn than mdy nén, kiém tra céc buléng, xem hé
thong dau va dé dau dén muc can thiét.

b) Mo cdc van truyén ddu vao cdc bd phan may nén;

c) Hoan toan m& van déy;
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d) Chuyén mdy nén vao trang thdi khong tai;

d) Cap nuée lanh vao;

e) Néu may dimg mot thai gian dai thi c¢an ding tay quay hai ba vong dé xem c6 bi
vudng khong;

f) Déng dong co va dua mdy nén vao trang thai 1am viéc.

3. Ding mdy nén: Dé dimg mdy ngudi diéu khién mdy cin phai x4 cdc thiét bi 1am
lanh va thing chita khong khi. Chuyén déng co qua phia khong tai va quay tay quay cia
bo phan cung cadp dau khoang ba, bon vong dé truyén dau vao xilanh.

Dimg déng co va ngit hé thong ddu tuan hoan, déng van ddy va ngimg dua nudc 1am
lanh vao (ngét bing van chung)

Néu mdy nén dimg lau thi phai thdo 4t ca cdc van x4 va van an toan. Con nhiing
phén chuyén dong va xilanh thi boc md.

4. Céc diéu cdn chii ¥ va quy tdc sir dung: Trong thoi gian van hanh cin dinh k¥ xem
xét cdc moi ghép va cdce chi tiét cia hé théng mdy nén, r6i dat thoi han sira chita cdn
thiét twong ung véi nd.

Khi xem xét mdy nén can chi ¥ dic biét t6i trang thdi clia cdc xupdp mdy nén, tat ca
cdc chot ché cé con khong (dac biét 1a & trén cdc buléng cia bién), khoang hd trong céc
6 dd, do sach cla cdc 16 bén trong mdy va clia cdc ludi & thist bi loc déu, su ving mat
cua cdc khe nift & cdc mé cia truc khuyu, sy ving mét cGia muoi than & xilanh- pitong va
xupdp. Bom dau cin truyén di lugng ddu dé c4c thanh xilanh va pittong tao thanh mot
mang dau mong, néu khong s€ 1am thanh xilanh va vdng pitténg mau mon. Néu lugng
dau thira sé tang luong tich chita mudi than & xilanh, & pitténg va & thiét bi lam ngudi,
dén den diéu kién 1am viéc kém, hu hdng va bi nd.

Can dinh ky lam sach thiét bi loc ddu, khi khoi ban va bui. Lam sach cdc xupdp, éng
dan, thiél bi lam lanh, thimg chita khoi mugi than. Lam sach thiét bi lam lanh, vo boc
nudc khéi cao canxi cacbonat va trong thdi han xdc dinh phai thay diu trong hé théng
tuan hoan dau.

Quy tdc sit dung

Mady nén can khéi dong khong tai véi van xa cha thiét bi lam lanh duge md ra va he
thong lam lanh nudc cdn cho chay truée khi khoi dong. Dau trong thing clia bom dau va
trong cdc te mdy nén phai di.

Trong thdi gian lam viéc can:

a) Theo ddi lugng dau cua bom déu;

b) Theo d&i dp suat diu trong hé théng tudn hoan;

c) Theo dbi su phan b dp sudt theo cic cdp cua may va 4p sudt & sau cip cudi;
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d) Theo dai nhiét do khi, dau va nudc;

d) Dinh k¥ xa thi€t bi 1am lanh va thiing chita khi;

¢) Dinh ky d6 ddu vao bom dau;

f) Hang ngay kiém tra xupdp.

Khi van hanh h¢ thdng mdy nén:

a) C&m nang ap suat ddy cao hon dp sudt lam viéc cho phép;

b) Cam lam viéc néu nhiét do cudi qué trinh nén & mot cip bat ky nao d6 cao hon
200°C khi boi tron bing dau "may nén 127 va cao hon 210°C khi boi tron bang dau
"mdy nén".

¢) Cam 1am viéc néu trong méi ghép bat k¥ ndo ¢ tiéng dong;

d) Cam xiét bulong bé khi chay va xict cdc bulong mat bich cé dp suat,

d) C4m kéo hoiic nén xupdp an toan;

¢) Khong cho phép méy nén lam viée khi he théng lam lanh khong ding;

f) CAm bdi tron may nén bang dau ban hoic chit luong khong thich hop;

g) Cam vi pham quy tic chung clia ky thuat an todn;

Khi cdn dimg mdy nén phai tuan theo cdc diéu da chi dan ¢ trén.

5. Cac sai s6t co ban nhat gom:

a) Dong co qua 1ai, cd thé do dp suat khi nang quéd mic (do xupip an toan sai) hodc
lam lanh khi khong du;

b) Nang suat cha mdy nén bi gidm xudng khi giam ddng thoi 4p suat cudi va ap sudt
trung gian. Nguyén nhén la do supap hiit cip dau tién sai;

c) Giam nang suat khi chi giam dp suit cudi. Nguyén nhan 1a do bo phan diéu chinh
dp suat 1am viéc khong ding.

d) Giam nang sudt khi giam dp suat cudi va cic ap sudt trung gian, dong thoi hop
xupdp ddy cap thit nhat bi dot néng. Nguyen nhan 12 xupép ddy cip dau khong dang.

d) Tiéng 6n Ao va ti€ng dong khong binh thuong trong xilanh. Nguyén nhan la do
vong pittong bi vudng, 6¢ bi yéu va nudc vio xilanh hodc cdc vat la roi vao (thi du mot
phan xupip bi gay);

e) Tieng dong khong binh thuong trong cécte. Nguyén nhén ¢6 thé do su lam viéc
khong binh thudng clia cic & 43 hoac khoing hé giita con trugt va mat trugt 1an.

Cic sai s6t xuat hien khi van hanh mdy nén khong nhimg lam hong cic thi€t bi mdy
méc ma con c6 thé gay ra nd. Vi vay phat hién kip thoi, tim ra nguyén nhan va c6 bién
phap khic phuc chiing ia rat quan trong.

Cic thidu sét chii yéu clia médy nén pittong va cach khic phuc cho & bang 2.7.
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Bang 2.7

Nguyén nhin

Phuong phdp khic phuc

Nhiét d6 khi nén bi
1. Nuéc trong thiét bi lam lanh trung gian tuan hoan
khong tot, do d6 su 1am Janh cua xilanh khong di.
2. Thiét bi loc khi bi bin, khong khi bi nung néng khi
di qua né
3. Xupdp ddy khong diing
4, Lugng dau boi tron khong da hodc khong co

ndny cao

1. LAm sach v6 boc xilanh, kiém tra v 1am
sach thiét bi tam lanh trung gian

2. Lam sach thiét bi loc

3. Kiém tra xupip ddy va sira chifa
4. Kiém tra ong dan ddu, binh diu, bom dau
va lam sach ching

Nidng sudt bt giam

1. Cic vong bit kin bi hong, pitténg va bac cia Xilanh
mon do boéi tron khong diing, do d6 cé khoang hd 1dn.
2. Xupdp hit m& khong kip thoi va khéng tudn hoan
vi lo xo cling

3. Xupdp ddy va hit déng khong kin va khong kip
thdi, do bi vénh cham déng hodc chiéu cao nang cia
Xupap rét [én

4, Lurdi hoac thiét bi loc khi bi bén

5. Cac vong pittdong bi mai mon

6. Khong khi lot qua cdc 16 khong kin trong 6ng dan.

. Hop dém cho khi lot qua
. Bo phan diéu chinh dp sudt hoat dong kém
Gidm dp swdt cudi cu
. Céc vong bit kin bi hong
. Lo xo cic supdp cling
. Bo phén diéu chinh lam viéc khong ding

1. Kiém tra vi thay thé vong bit kin
2. Thay thé 15 xo

3. Kiém tra xupap, lam sach mudi than va
ban. Mai nhan va diéu chinh, vin va thay
16 %o,

4. Lam sach ching

5. Lam sach vong hoac thay thé cdi mai

6. Kiém tra cic méi ghép va khic phuc cic
sai sot

7. Kiém tra dém va van bulong

8. Biéu chinh lai bd phan di€u chinh dp sudt

a khong khi

1. Thay thé vong mdi

2. Thay thé 156 xo

3. Diéu chinh lai

Ap sudt cuél cao hon

. Van an toan sai
. Lo xo cic supdp cing

3. Van tdm chén giita mdy nén va thiing chifa khong
mdo dil

1. Sla chita hodc thay thé

2. Diéu chinh tai trong clia 1o xo. Néu 1o xo
citng qué thi thay the

3. Kiém tra va lam sach van tdm chan

My nén va ddp ki lam viéc

1. Va dap manh bét ngd xay ra, ¢6 nghia la cic miéng
Xupap gay rdi vao xilanh
2. Lo xo supap bi yéu hoac bi giy

3. Bac cla cac ngbng truc bi hong

4, Vong pittdong hong

5. Pittong bi ket - do bi boi tron kém hoac do tao
thanh muoi than (1iéng dong phdt sinh din ddn)

6. Bac cia 6 d@ hodc ngdng truc bi hong

7. Khoang chét nho (xudt hién tiéng dong khi méi bat
ddu khéi dong sau khi sira chita may nén)

1. Dirng méay va ldy ra

2. Tang tai trong hoic thay th€ 1o xo méi.
Thay xupap méi

3. Thay thé bac

4. Thay th& vong méi

5. Lam sach piténg

6. Thay thé bac méi va van bulong
7. Tang thém chiéu day dém gilra nap va vo
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2.4.2. May nén roto vi may théi khi roto

Trong may nén pittong luc quan tinh gidi han t6c do chuyén dong cua pittong, nhu
vay s& giéi han s6 vong quay va ngin can viéc néi truc tiép dong co vi mdy nén. Ngoai
ra, may nén pittong céng kénh, ddi hoi bé 16n, luu lugng khong déu va muon deéu thi
phii ¢6 nhitng bi¢n phdp déc biét.

Mady nén vad may chan khéng roto khong ¢4 cic nhuge diém nay, khong cd cic
xupdp va pittong thong thudng ma vai tro cia pittong duge thuc hién bang réto ¢6 bicn
dang nhat dinh quay lién tuc, Do cac may nén roto khong cé co cau chuyén dong tinh
tién nén roto mdy can bing dong va tinh t6t, khi s6 vong quay 16n c6 thé ndi truc tiép
v6i dong co. Loai nay bé nho, nang sudt 16n khi kich thudc nhd (nhé hon 5-6 lan). L
luong déng déu, khong c6 cdc xupdp hodc chi ¢6 & phia ddy neén it tic. Loai nay diéu
chinh don gian va ¢6 cdu tao don gian, nén ing dung rong rai trong nhimg khu vuc can
tuu Luong 16n, kich thude nho.

Nhurge didm cia loai nay 1a: t6n that ma sdt 1dn (ny = 0,85 - 0,92). Kho bit kin khi
ap suat cao nén hiéu suat thé tich nho. Cic phin chuyén dong bi bao mon nhiéu. Gia cong
va ldp ghép yéu céu chinh xac cao. Ngudi sir dung phai ¢6 trinh d¢ chuyén mon cao.

Do ¢6 nhimg nhuoc diém trén nén cén gidi han van téc tuong d6i cao cla cdc bé miit
chuyén dong (khéng nén 16n hon 15-20 m/s) d€ trdnh mai mon va tiéng én. Dong thoi ti
s& nén phai nho hon 3-4.

2.4.2.1. Phdn logi may nén réto

Khi ty s6 nén cao Gng v&i dp sudt ddy (12at) va ¢6 1am lanh xilanh goi 14 may nén.

Khi 4p suat ddy cia mdy nén dén 2,5at goi la mdy théi khi hoac mdy day, thudng
khong 1am lanh bang nudc.

M4y chan khéng (dp suat hdt am) c6 cdu tao khéc rdt it so v6i mdy ddy nhumg lai c6
dac diém clia médy chan khong.

Theo ki€u chia mdy nén gdm c6: mdy nén roto tam trugt mot tryc; may nén roto lac
mot truc; mdy nén roto hai truc hai canh hoac ba canh: roto dang hinh sao; mdy nén hai
hoic ba truc vit; mdy nén vong chat 1ong.

2.4.2.2. Nguyén tdc lam viéc

Khi quay mot hodc hai réto ¢6 hinh dang xéc dinh thi cdc khong gian kin tudn hoan
dugc tao ra va thé tich cha khi & dp suat thap dugc hit vao dé. Khi roto chuyén dong tiép
tuc khong gian ndy duge thu hep lai, khi duoc nén va dugc ddy vio dudng day.

M4y nén réto duoc tmg dung rdng réi trong cong nghiép hod hoc dé van chuyén va
nén cic khi, khong khi. Cic may nay duge ché tao v6i nang suit 16i 100m’/ph va 4p suét
nén dén 4at. D6i véi 4p sudt cao (dén 8at) thi ngudi ta ding may nén hai ¢4p c6 lam lanh
trung gian.
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1. Méy nén roto tam truot (hinh 2.17) gém ¢4 vo truc 4 va nip 9 duge lam lanh bang
nude. Roto 7 duge Jap vao truc 6 dat léch tam trong vo. Roto ¢6 mot diy khe trong dé
dat cac tam chuyén dong 8 1am bang thép c6 chiéu day 0,8 - 2,5mm.

Khi réto quay cdc cdnh s& vang ra ép vao bé mat bén trong cta hai vong gang ty do
3 vi kéo chiing quay cling. Do ¢6 khoang hd giita vo va cic tdm nén ching s€ khong bi
mal mon.

Khi réto quay (theo chiéu mii tén trén hinh vE) cdc tdm chia khong gian lam viéc c6
tiét dién hinh ludi liém thanh cdc phdong nho va thé tich clia ching giam tir phia hidt dén
phia day. Truc ctia mdy nén quay trén é d& 2 duge bit kin bang bac nhin / cé réng den
va duoc ép bang 10 xo i nip mdy nén. O phia ddy cé dit xupdp mot chiéu. Mdy nén
truyén dong truc tiép tir dong co. Déi véi cdc may nén ding dé nén cdc khi khong cho
phép dé lot ra mai truong xung quanh (khi doc, chdy, né) thi truc duge bit kin bing cac
vong dém grafit.

Cdc mdy nén da duge ché tao véi dp sudt 4at va nang suat 160 - 4000 m>/h. D6 véi
4p sudt cao hon ngudi ta dung mdy nén hai cip. C6 thé sir dung mdy nén tdm trugt lam
mdy hit chan khéng v&i do chan khong t6i 95%, néu néi hai mdy lién tiép thi do chan
khong s€ t61 99%.

Mdy nén roto tdm trugt ¢é uu diém chéc chan, lam viéc diéu hoa va it xupdp. Nhung
phdi ché tao v6i do chinh xdc cao, yéu cdu lp rdp cdn than va ngudi sit dung phai co
trinh d6 chuyén mon cao. Khi ti s& nén £ > 3 - 4 thi t6n that khi qua cdc chd khong kin
tang 1én. Loai nay d& nhay cam v6i do bin nén & 6ng hit phai dat bau loc va 6ng day
phai ¢6 thiét bi phan ly dau.

Nang sudt (khi s0 tdm z > 20) dugc tinh theo céng thirc:

_ henl(nD - 82)
- 30

\Y , m/s (2-92)

trong dé:

7. - hé 56 luu luong phu thude vao t s6 nén;

e - do léch tam cha réto v4i truc vo, m;

n - s6 vong quay, vg/ph;

D - dudng kinh trong cia vo, m;

{ - chiéu dai roto, m;

& - chiéu day cua c¢dnh, m;

z - 83 tdm.

H¢ s6 Tuu lugng c6 thé xac dinh theo cong thic gan ding:

(0,05+0,1)p,

A=10-
' Py

(2-93)
Véi mdy c6 nang sudt 1on ldy gid trj 0,05; v6i mdy nang suit nho lay gia tri 0,1,
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Trong cdc mdy hien dai lay %=0.87+0,89; é=1,6+2; %=0,06+0,0’;’;

% =0,25+0,28 (d- dudng kinh réto, m; b- chiéu réng tam trugt, m),

Thudng ldy sé tim z =20 + 30 van = 200 + 300 vg/ph.

Che do lam viéc cha mdy nén réto t4m truot thuén lot khi ti s6 nén dugc x4c dinh

theo cong thic:
e=t2_ [—2—] , (2-94)
ol I+cosa

trong dé :

m - chi s6 da bi€n, cao hon chi s doan nhiét k mot chit. Vi khi ludng nguyén
trm = 1,5;

o - gbc nén, o = 1,57 +1,9 rad = 90 + 100°.

Py

Khi nén khi ludng nguyén tir thi: (
P

] =3 va khi € > 3 + 4 thi nén ding nén
1 vu

hai cap dat & hai phia cda dong co .
Cong suét clta mdy nén c6 thé xdc dinh theo cong thitc:

2,3.107°Qp, 1g 2

N = P yw (2-95)
T]dn

trong dé:
Q - nang suat clia mdy nén, m’/s;

Ngn - Bi€u sudt déng nhiét toan phan phu thudce vio kich thudc cia mdy va
ti s6 nén . D6i v6i may nén cé ti s6 nén P2/p1 = 2 + 3 va nang sudt dén 35m”/ph thi
Ndn = 0,55 + 0,65 (do rd ri, ma sat 1dn).

Ciing ¢6 thé tinh cong suat mdy nén r6to theo cong thitc may nén pitténg nhung
trong truong hgp ndy chi s6 da bién m 16n hon chi s6 doan nhiét k va khong ké t6i 18n
hao cong suat AN,

2. Mdy théi khi roto hai truc (hinh 2.18a, b) gom vo quay / v hai réto gang quay &
trong. Khi quay, cic roto nay tiép xic kin véi nhau va ti€p xuc voi vo, tao ra trong vo hai
phong riéng biét : hit va ddy. Sau khi ngan cach v6i khi hit, roto chuyén dong ticp tuc
cang khong xdy ra nén khi (do khong bién déi thé tich va 4p suat) cho 161 thdi diém ket
hop khong gian d6 véi phia ddy. O thai diém nay khi dugc nén ép béi roto va durge day
vao ong day. Truc dén quay dugc a nhd truyén dong tir dong co qua dai truyén hoac hop
gidm téc. Tryc thit hai lién hé véi truc dan qua truyén dong binh rang 6 ti s6 truyén i = 1.
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Loai nay c6 céu tao don gian, gi6i han nang suat rong trong khoang 2 + 800m>/ph khi ap
suat t6i 0,8at. Hé s6 luu lugng trung binh A = 0,8 va hiéu suat co khi Ny = 0,65 +0,85.

~ N
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Hinh 2.18

Nang suat dugc xdc dinh theo cong thiic:

Q=——"", m’/ph (2-96)

trong do:

n - s6 vong quay, vg/ph;

D - duong kinh vo, m;

I'- chiéu dai vo, / = (1+1,5)D, m;

Y - hé s6 phu thudc vao hinh dang; y = 0,49 + 0,53 d6i véi roto hai canh (hinh 2.18a),
¥=0,53 + 0,59 doi véi roto ba canh (hinh 2.18b);

A~ hé s6 thé tich, A, = 0,75 + 0,85. Gi4 tri 16n dung khi d6 chinh xac cao va van

toc vong ctia roto v = 40 + 50m/s.

Khoang hd giita roto, vo va gilta hai roto phu thugc vao nhiéu yéu t6: dai luong din
nG nhiét, do chinh xdc ché tao roto va banh rang, do uén va xoan cua truc. Khoang ho
gitia hai roto trong khoang 0,25 + 1,5mm.

Ti s6 giita khoang hd va khoang céch hai truc 1a:
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i =0,001+0,002
2a

Cong suat cua mdy duge xdc dinh theo cong thikc:

Khi 22 <15 thi:
P

-3
N:ML} , kw (2_97)
Nk

trong do :
. P1s Py - dp sudt hut va ddy, N/m?;
Q - nang sudl, m’/s ;
Nk~ hiéu suat co khi.

3. Miy nén vong chit long: 1am vige theo nguyén tic tuong tu mdy nén roto tim
trugt, nhung khdc vé cau tao. C6 hai loai mdy nén vong chat 16ng: loai tic dung don
(hinh 2.18c) va loai tic dung kép (hinh 2.18d).

Roto cua mdy nén thudng duge rén lién khéi v6i canh, dong thai tat ca cdc cdnh cé
clng chieu dai. Su bién doi cde the tich clia cic hop nhé & loai tic dung don xay ra dugc
nha roto dat lénh tam. Duéi tic dung cta luc ly tdm nudc vang ra thanh mdy nén bit kin
diu cde cdnh vi tao thanh cdc khong gian cé thé tich bién déi. Khi duge hit vao khong
gian tréng cia may qua 16 hinh ludi liém / & mat dau, sau d6 x4y ra qud trinh nén do thé
tich bién doi, réi khi duge day vio 16 hinh Iui liém khéc 2 cling & mat dau.

Cic ddu cdnh chuyén dich trong nudc gay ra ma st gira canh vi nuée. Gitta nudc
véi vo lam ton hao ning luong. Vi vay hiéu suit cita mdy nén vong nuéc kidng cao
(40 + 45%). D khong xédy ra su dun néng nuéc ngudi ta truyén moét lugng nhéd nude
lanh vao (vi 1l s6 nén gidi han phu thudc vio nhiét dé clia nuée). Mic du hiéu sudt thap
nhung loai mdy nén ndy van duge dung rit phd bign [am cic hé phu tro vi ché tao rat
don gian va van hanh vimg chac. Thi du bom chin khong ding dé tao nén chan khong
trong cdc bom ly tim d¢ méi nudc khi khéi dong.

Uu diém cta loai mdy nén vong chat 1éng 1a ¢6 kha ning n6i truc tiép véi dong co,
luu luong khi déu, khong ¢6 cdc xupdp va céc co cdu phan phéi nén it bi tic.

Thir tu chay may nén vong chat 1éng nhu sau:

4) Cho chat [6ng diy tdi van héi luu;

b) Déng van dan chat 16ng vao;

c) Thong dudng hut véi khi quyén nhd van phu (dé khong tai);

d) Mo van tuan hoan chdl long qua bom va van day chat 16ng t6i hop dém (cé chat
long ro qua hop dém);
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d) Déng cau dao;

¢) Khi dat i s6 vong quay cén thiét phai ddn ddn déng van phu va khi dat t6i chan
khong céan thiét thi mé van hat ;

f) Kiém tra su 1am viéc cha hop dém va céc dung cu do.

Thuc hién dimg médy nén vong chét 1ong theo thit tu nguoc lai :

a) Béng van hit ;

b) Péng van tudn hoan chat long;

c) M& van khong khi;
d) Dimg dong co.
Thé tich chat 1ong di qua tiét di¢n AB (hinh 2.18c) la:
In
W =| n(e? —12)-8z(r, —1,) |=— ; m/s 2-98
[ (s =)~ — 1) | = (2:98)

Nang suat cha mdy phu thudc vao kich thude hinh hoc ctia v6 va réto, sO vong quay
va dang cla vong chat long.

V6i may tic dung don nang suat ctia mdy duge xdc dinh theo cong thiic:

Q=[n(y2—r§)—8z(y —rz)]% ; m'/s (2-99) -

trong dé:

n - s6 vong quay cua roto, vg/ph;

r, - ban kinh 161 réto, m;

! - chiéu dai réto, m;

X - hé s6 luu lugng, A = 0,5 + 0,65;

& - chiéu day canh, m;

z - s0 canh;

y - khodng céch tir tam roto dén mat phing vong chat 1ong theo truc cua 16 c6 thé
tich 16n nhat, m.

Khodang céch y tinh theo cong thic:

2
y = E (_53 +r3+@(R_r]+2)—-EE—2fr| , m
2m A 27 T onn v

trong dé:
R - ban kinh vo, m;
r, - ban kinh ngoai chia roto ké ca cdnh, m;
f - khoang cach hd hudng gita vé va roto & noi gan nhat, m; = 0,001+ 0,004m ;

v - van 16¢ vdng cha chat 1ong trong 16 c6 thé tich 16n nhat, m/s; v =8 + 10m/s;
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n - s6 vong quay nhé nhat ciia réto:
10

n=—{3p, —2p,, vg/ph (2-100)
Iy

P2 Py - dp suat khi day va hdt cta mdy nén, N/cm?.

Qud trinh nén trong may nén gin vdi qud trinh ddng nhiét nhung tén that thuy
luc do ma sit khi quay vong chat 1ong rit 1én (hién nay chua tinh duoc).

Mdy nén vong chat long tic dung kép ding dé chuyén clo kho va hydro. Cau tao
mady nén gom vo ellip 7 c6 chtta mét phin axit H,S0, diam dic va roto 6 ¢6 gin cic cénh
duoc quay trong vo. Axit duge cdc cinh quay kéo theo vi duéi tic dung cua lyc ly tam
axit s€ vang dén thanh v6. Vi v ¢6 dang ellip nén vong chat long ciing ¢6 dang eltip.
Thé tich tao ra giita cic cdnh va vong chdt long khong déu nhau. Chat [éng 14n lugt duoge
vang ra (& diem a) va ddy vio & (diém b) hai lin trong mét vong quay cua réto. Khi chat
long vang ra, trong phong nho tao thanh chan khéong va khi clo duge hiit vio qua clra 5
va cdc 16 4 cha vo. Khi axit duge ddy vao trong roto thi clo qua 16 2 réi vao clra ra 3 cla
may nén. Vong axit thirc hién vai trd cla pitttong long. Mot phin axit kéo theo bdi clo
duoc tach riéng trong thiét bi phan ly qua thiét bi [am lanh réi tré vé mdy nén. Trong qud
trinh lam viée axit duge b6 sung vao va thii di. Biéu chinh sy lam viéc cua mdy nén nhd
dudng hoi luu néi duo’ng day véi duomg hit. May nén tao ra dp suat 161 2,25at va ning
suat khoang 600m” / h (tinh theo khong khi).

4. May nén truc vit: gém cdc chi tiét chit yéu 1a vo 1, cac truc vit 2 va 5, 6 d& 7, bo
phan bit kin, cic banh rang an khép 4 (hinh 2.18d).

Khi cde tryc vit quay s& xdy ra qua trinh hit khi & ddu hit (do cic vit giai phdng
khong gian da an khép), ti€p d6 1a qu4 trinh nén khi (nhd thu hep khéng gian do céc vit
vao dn khdp). Qua trinh ndy két thiic khi khong gian chifa khi néi ti€p vdi ddu day va lic
nay xay ra qud trinh day khi vao ong ddy.

C6 hai loai mdy nén truc vit: kho(ning sudt 63 + 400m> /ph) va 4m (nang sudt
10 =40 m /ph) G loai may nén khe, viéc lam lanh khi nhd vo boc ngoai va nhe thiét bi
lam lanh trung gian hodc thiél bi lam lanh sau mdy nén. V6i cdc mdy nén loai im ngudi
ta cho dau hoac nudc truc ti€p vao khong gian 1am viec cla may vit. Chi ¢ trudng hgp
lam lanh bang ddu mdéi cho phép céc vit tiép xic truc ti€p véi nhau (nghia 1a khong diing
bo truy€n banh rang). Cdc truc vit 1a nhitng banh rang xoin c6 médun rat 16n m bing
thép, con vo mdy nén ché tao tir gang xdm. Do mdy nén truc vit ¢6 rat nhiéu vu diém
nén gan day né duge sir dung kha phd bien dé thay the cho mdy nén pittong.

My nén tryc vit mot cap loai kho c6 thé tao duge 4p suat 0.3 = 0,4MN/m? (3 + 4at).
loai hai cdp c6 thé tao dugce dp suat 0,9 = 1,15MN/m? (9 = 11,5at).

May nén tryc vit loai 4m mot cap cé thé o duge dp suat 0,8MN/m?(8al).
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2.4.3. Tinh toan va ciau tao may hit chan khong

2.4.3.1. Pdc diém lam viéc cua mdy hit chdn khong va dnh huong cua cdec ddc
diém nay lén cdu tao caa mady

Trong cong nghiép hod chil ¢é rat nhiéu qua trinh can ti€n hianh dudi dp suat chan
khong. Muén vay cdn phai ding nhimg may hit chan khéng (bom chan khong).

My hiit chan khong ¢6 thé chia ra thanh hai nhém chinh: kho va udt.

Vi loai khé chi hit duge khi, con loai uét ¢6 thé hiit ca chat long va khi. Vi vay cdu
tao clia hai loai khac nhau,

Ca hai loai may nay déu cé thé 1a loai pittong hodc roto (c6 trudmg hop 1a loai ludng
hoi va ludng khi).

C6 thé nghién cttu mdy chan khong nhur mdy nén, nén Khi tir dp sudt chan khong dén
ap sudt khi quyén va trong mot 6 trudng hop téi dp suat cao hon ap suét khi quyén - cic
mdy nhu vay goi 13 mdy hidt chan khong - nén. Cong cén thiét dé hit khi ¢6 thé tinh theo
cong thitc cha may nén. Cong nay bién doi trong qua trinh khdi dong cua mdy hit chan
khong lam viéc lién tuc hodc bién doi trong qud trinh lam viéc cha mdy huit chan khong
lam viéc gidn doan. N&u coi qué trinh hit 13 da bién thi cong cin dé hat Im® khi ly
thuyét (d6i véi chu trinh 1y thuyét) xdc dinh theo cong thie:

ml

L= M [&] " _1J , Im?. (2-101)
m-1[{p,

Khi bt ddu lam viéc néu mdy hit chan khong huit khi tlt binh ¢ &p suét khi quyén
thi Iic nay cong ly thuyét bing khong vi p,= p, =lat = 10°N/m”. Khi hdt hét (it ca khi
trong binh thi dp suét p, = 0 nén coéng cling bang 0. Nhu vay khi bién doi clia cong tiéu
hao theo dp suat hit p, sé dat cuc dai & mot gid tri nhat dinh cha ap suét hat.

Ap sudt ting vdi cong tiéu hao 1dn nhat dé nén 1m” khi ¢6 thé xdc dinh nhu sau:

Im ml
dL —_ m pl;-nnuxPZm ~1i=0
dp, m-—1 m
m-1 m
m _m
rit ra: [P_z} = m, nghia la P!
P1max P max
Nhu vay ap sudt hit dng vdi cong cuc dai la:
Plms = —12—, at. (2-102)
mm-l
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Néu hut khong khi co m=k = 1,4 thi:

3
P2 14 233 VA Py = 2
P1max 3’3

Néu dp suat & phia hit nho hon pj .. (P < Pymay) thi dOng co clia mdy hit chan
khong phai chon ting v6i cong sudt cuc dai mac dii cong sudt yéu cau nho hon. Nhu vay
thi may hit chan khong méi ¢o thé di cong sudt tao ra chan khong ting v6i cong tiéu
hao cuc dai.

Néu mdy hiit chan khong tao ra chan khong 16n thi ti s6 nén cta no rat 16n va nhu
thé hé s6 thé tich A, s& rat nho. Thi du khi h¢ s6 khoang hai bing 0,03 + 0,05 thi h¢ s6
thé tich giam chi con 0,4 + 0,6, dan t6i nang sudt cling nho va nhiét do cudi lai rét cao.
Pé khic phuc hién tuong nay nguoi ta ¢& 1am khoang hai nhé (khoang hai cho phép
a=0.01 = 0,03) va iing dung phuong phép can bang 4p sudt.

Phuong phédp can bing ap

sudt thuc hién theo céc cdu tao 91

khic nhau. Mot trong céc (R A S

ohuong phip ndy 3 lam 6 + 8 11} EN %—A
ranh, m6i ranh sau 3 + 4 mm ‘B +HE—=—=—= === o

va rong 10 + 12 mm thong 'R dz3 TJ L)
trong xilanh (6 cic may dung LT 3 ?‘ \lpm Vo
xupip hinh 2.192). O hinh i T g

2.19b 1a d6 thi chi thi cia mdy et

hit chan khong loai nay. b)

Loai mdy hiat chan khong
nay c¢6 thé c6 ti s6 nén €>50.
Véi phuong phdp can bing dp suat s€ tang A, (A, =1)va A (A =08 +0,9), nhung lai
giam hiéu sudt vi tang cong tiéu hao va khong str dung dugc cong dan.

Hinh 2.19

Hé s thé tich A, duoc xdc dinh theo cong thc:

1
(a+al)[p—2]m +(1+a+a))
P
1+2a+2a,

Ao=1-a

-1 (2-103)

Vcb .

Vy |

trong dé: a, - hé so khoang hai can bing: a, =

V., - thé tich khoang khong hit khi khi ¢6 ranh can bang; m’;

V,, - thé tich quét cua pittong, m’.
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Vi i 6 nén 16n, nhiét do cudi s& cao nén nhat thiét phai lam lanh xilanh bang nudc
hoac déu nhd vé boc hodc cho ddu trye tiép, khong thé lam lanh bang khong khi.

Khi sir dung mdy hiit chan khong can chd ¥ la: do dp sudt hit thap nén ton that ¢
xupap hit anh hudng tdi nang suat rat nhay. Vi vay phai theo ddi chiéu cao nang clia 14
xupap, chidu day va tai trong & céc 14 (tir phia 10 x0) ¢6 tuan theo nhitng quy chudn clia
nhi mdy khong.

¢J cdc nba mdy ding con chan phan phdi ngudi ta lam céc ranh can bing 4p sudt
ngay trong con chan.

Ning suit khéi lugng clia mdy hit chan khong giam theo dp sudt hit vi vay khi chon
bom chéan khong theo katalo can chii ¥ ca hai yéu 16 trén.

Mady hiit chan khong nam ngang chay nhanh mot cip tdc dung kép c6 cdu tao khic
rit it so véi mdy nén pittong. Mdy hiit chan khong nay c6 thé tao nén chan khong
700mm Hg. D& nang cao do chan khong 16 720 + 730mm Hg mdy ¢6 thé chuyén tir mot
cdp tac dung kép sang hai cdp tic dung don, nhung nang sudt giam di mot nira. May hit
chan khong 4m loai pitténg c6 khic chiit it so v6i loai kho. Vi vén t6c chit 1ong nho hon
khi nén c6 xupap 16n hon, do d6 khoang hai 16n hon. M4y hiit chan khong am tao ra chan
khong 80 — 85%, thap hon so v6i may hit chan khong kho (96 + 99,9%). Ning suat cla
mdy hit chan khong khi tao chan khong cho mot thigt bi duoc xdc dinh theo cong thite:

Q= Yip ln(p—zl, m'/s (2-104)

mt Py

trong dd:
V,, - thé tich thict bi. m’:
t - thoi gian hat chan khong, s;
P.. P, - 4p sudt ddu va dp sudt cudi trong thiét bi, N/’
m - chi 6 da bi€n: m = 1 v6i bom chan khong vong nudc; m = 0,9k voi bom
chan khong 1am trugt; m = k véi bom chéan khong pittong (K - chi s6 doan nhiét).
2.4.3.2. Cong sudt cua mdy hat chdn khong
Cong suat cdn thiét ciia méiy hit chan khong tinh nhu cong suat clla mdy nén pinong:

_107'Q,L
l *

N KW (2-105)

Q, - ning suat clia may hit chan khong, m'/s;

- he s& luu lugng xédc dinh theo cong thic (2-32);

L - cong nén lm® khi. xdc dinh theo cong thic (2-101) v6i p, =p, néu
P > Plmax VA VO Py = Proax DEU P < Pimax (P - 4P sudt chan khong tuyét doi can
tao ra trong hé théng, N/m’; p; ... - dp sudt theo cong thikc (2-102), N/m’.
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Cong suét dong co may hiit chan khong duge xdc dinh theo cong thiic:
Ny =— N w (2-106)
Mo Mek Nig

trong dé:
Ny, - hiéu sudt da bién, M, =0,5 + 0,6:
TNy - hiéu suat co khi, 1, =08 = 0,95;
Ny - hi€u suat truyén dong, n,,=0,9 + 0,95;
k - h¢ s6 dy trit cong suit, k= 1,1 = 1,15.
Cong suat cia mdy hut chan khong c6 ranh can bang ciing c6 thé xdc dinh theo
cong thc:
N 107QC, (T, - T))
Vaprrhy g

, kw (2-107)

trong dé:

T, T, - nhiét d6 dau va cusi ciia khi, °K.

C, - nhiét dung riéng cta khi, J/kg °K;

V., - thé tich riéng cta khi & thoi diém can bing, m/kg;

Arid,, A - hé s6 nhiét do, thé tich, kin:

Gia sir qud trinh can bing tién hanh dang nhiét (nghia I3 Ty =T,) thi:
axajp,  (Lrarap;
T, T

= T» N/cm?
Peo 1+2a+2a, b

Nhu vay: Vi :—1-=—'&p2—, m’ /kg
Pev  TaP2Pus
trong dé:
p, - ap sudt ddy, N/m?;
P, - 4p suat hit, N/m?;
Py - khoi luong rieng cta khi ¢ thoi diém can bing, kg/m'";
P, - khéi luong rieng clia khi ving véi p, va T, kg/m’;
T, - nhiét d6 khi & thoi diém can bing, °K.

2.4.4. Hé théng may nén va heé théng may chan khong

Thudng thudng cdc mdy nén khi, may théi khi va mdy hit chan khong duge dat
trong cic phong riéng véi nhiing thiét bi phu kém theo hop thanh h¢ théng mdy nén hoac
h¢ théng mdy hdt chan khéng.
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O hinh 2.20a 12 so d6 hé théng mdy nén. Sau méay nén / trén dudng Sng ddy ngudi ta
dat thing chia khi 2 ding dé gidm bét sy dao dong clia luu luong khi, 1am cho huu lugng
khi t6i not tieu thy dieu hoa, dong thdi ciing d¢ phan rieng khi vi 1éng (nudc ngung,
ddu). Nude vi dau lang trong thiing chifa khi dugc xa (thai) qua van 3. O phan trén clia
thung chia dat xupdp an toan 4 va dp k&' 5 (dé do 4p suit & thing chia). Xupap mot
chiéu 6 duge ding d€ ngin khi & thing chita quay tr& lai khi mdy nén dimg dét ngoét, khi
v& dudng Ong gitta mdy nén va thing chita khi va khi ¢6 nhiing sai sét tuong tu,

Thimg chira khi lam vigc giong nhu bau ddy & bom, thé tich ciia né duge xdc dinh
theo cong thic:

V=—-m (2-108)

trong d6: m,, - mitc 4o khong déu cla thung chia, 1ay nhu véi biu ddy m, < 0,02;

U - bi¢n déi thé tich khi gid thiét ring dp sudt trong thitng chita khong déi. D6i
v&i mdy nén tac dung don U = 0,55FS, m*; véi mdy nén tac dung kép U =0,21FS, m*:
v6i mdy nén tdc dung ba U= 0,09FS, m’; véi mdy nén téc dung bon U = 0,042FS, m®
(F - dién tich cha pittong, m*; S - khoang chay cia pitténg, m).
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Hinh 2.20
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Ciing ¢4 (hé xédc dinh thé tich cla thling chita theo niang suat mdy nén Q (m'/s) nhd
cong thirc:

V=(6+12)Q, m (2-109)

H¢ 56 16n trong cong thic (2-109) dung cho mdy nén ¢d nang sudt nho. Trong
trudng hgp mot s6 mdy nén ¢é cing mot thing chita, thi trén dudng ong gilta may nén
va thung chia phai ¢6 van va mdy nén cdn dit xupdp an toan dé tranh su ¢6 khi m& mdy
ma khong m& van ddy. Thung chifa khi [ thiét bi c6 dp sudt, dé an toan ngudi ta thudng
dat né & ngoii tron.

Khéng khi duge hit vao mdy nén thuong 1dy & ngoai phong may va tai vi tri cao hon
mit dat dé khi dugc lanh, sach hon. O ddu 6ng hit ¢6 dat luéi hoic ddu loc dé ngin cdc
vit la va bul.

Cach dat mdy huit chan khong c6 khac déi chiit so véi cach dat may nén. O hinh
2.20b 1a so d6 hé thdng mdy chan khéng. D€ tranh an mon cho céc vong pittdng, xupap
va nhimng chi ti€t khac khi dung bom chan khong tao ra chan khong trong thiét bi ¢6 chit
hoat dong hod hoc can thiét dit thiét bi thu héi 2 sau thiét bi hod hoc /. Déng thoi sau
thiét bi thu héi phai ¢é thiét bi phan ly 3. Day 13 thiét bi ¢6 cdu tao va nguyén tac lam
viéc nhu thiét bi ngung tu khi quyén. Trude khi vao bom, khi di qua thing én dinh 7 dé
on dinh dp suét. Thé tich clia thing én dinh tinh nhu biu hiit theo cong thic (2-108) v6i
m, <0,025 hoac theo cong thic (2-109).

2.5. MAY NEN DONG HOC
2.5.1. May nén ly tam
2.5.1.1. Nguyén tdc lam viéc cua mdy nén tuabin va img dung cua chiing

Maiy théi khi loai tuabin va mdy nén tuabin thudc loai mdy ly tam. O day qua trinh
nén va diy khi x3y ra dudi tdc dung cla huc ly thm sinh ra do sur quay clia guéng dong
trong vo kin.

Nguyén tic lam viéc cla loai mdy nay tuong tu nhu véi bom ly tam, chi khéc 1a do
su bién déi 4p suat cha khi khi qua gudng dong nén dén 16i su bicn déi khai luong riéng
cha khi. Khi gudng dong quay, khi s€ vang tir tam ra xung quanh dudi tic dung cua luc
ly tam. Do dé xay ra su ting khdi luong riéng cua khi va tao ra dp luc tinh. Dong thoi
van t6¢ cla khi cling tang I1én va nhu vay tang ap luc dong cta khi.

D6i véi 4p sudt nho nguoi ta ding tuabin théi khi mét cdp ¢6 mot gudng dong quay
trong vo bt dong. Loai nay sinh ra dp sudt khong cao qui 0,15at. V& ban chat day chinh
la quat cao ap.

Dai véi dp sudt trong khodng 1,3 + 4at ngudi ta ding tuabin théi khi nhiéu cap, ¢6
cic pudng dong kich thude nhu nhau va khong ¢é 1am lanh khi trung gian.
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Tuabin thoi khi dung dé ddy khong khi goi 13 mdy théi khong khi. Trong tuabin
nhicu ¢ap giifa cdc cap c6 dat cde guéng hudng dé bien dong nang thanh finh nang.

D61 v6i dp suat khoang 4 + 10at va & nhimg may dac biét c6 dp sudt téi 30at ngudi
ta ding may nén tuabin.

Mdy nén nay c6 rat nhiéu guéng dong xé&p theo nhém va mdi nhém kich thude cic
gudng dong nhu nhau. G cac nhém khéc nhau thi kich thudc cdc gudng déng khac nhau
giifa cdc nhém 6 céc thi€t bi 1am lanh trung gian. '

2.5.1.2. Uu, nhuoc diém cia mdy nén ly tam

Mady nén ly tam c6 hiéu sudt thap so v6i mdy nén pittong, dac biét khi niang suat nho
va s6 cap 16n (nghia 1a khi 4p sut cao).

May nén ly tdm cé cau tao don gian, thuan Igi van hanh, viing chéc khi 1am viéc.
kich thude va khéi luong nho, mdy can bing, khong 6 luc quan tinh, bé nho va ¢d kha
ning ndi truc ti€p véi dong co quay nhanh. Khi truyén lién tuc va déu, khi nén khong bi
ban vi dau boi tron. Nhd ¢6 cée wu diém trén nén dung mdy nén ly tdm khi nang suat 16n
hon 100 m3/ph va dp sudt nhd hon 12at néi chung kinh € hon may nén pitténg mac di
hiéu suat ¢ thap hon. |

2.5.1.3. Phuong trink co bdn cia mdy nén ly tam (chiéu cao dp luc)

Mady nén vi may théi by tam c6 ciu tao va nguyén tic 1am viéc tuong tu bom ly tam.
O méi mdy ly tam, bo phan co ban cia né 1a guong dong. Nho guong dong, ning luong
clia dong co duge truyén cho khi, nghia 11 khi guong dong quay khi s& tang tinh ning va
dong ning dudi tdc dung cha luc ly tam. Tir trudce ta d3 ¢ (phan bom ly tim)
leo = = =
T e g g

(1-64)

Néu B, cang 16n thi o, cing nhd, lam cho H 16n lén. Nhung thuc t€ van ldy 8, < 90°
vi va dap 1am t6n hao thuy luc 16n. Ciing nhu ¢ bom ly tam, trong méy nén ly tam lay
o = 90°. Khi nay chiéu cao 4p luc 16n nhét goi 1a chiéu cao tiéu chudn duge tinh theo
cong thic:

UCo
Hltao = 2
g
Gid trj cla ¢, dugce tinh theo céng thiic:
u,t
€y, =C, COSUL, = _uateb; y,
tgo, +tgf,

trong do: y - hé s6 chiéu cao 4p luc.

Thay gid tri cla c,, vio cong thic tinh H,_ ta c¢6:
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Hy,, = 2

lien —

DPay la chiéu cao dp luc 1y thuyét xdc dinh duge véi hai gia thiét: chat 1ong 1y tudng
v gudng dong cé vo cling cdnh. Trong thic t€ 88 cdnh 1A ¢ han va thuong 14 16 + 28,
do dé van t6¢c chay trong ranh gitta hai canh gudng bién doi va van t6¢ twong déi sé di
v6i géc nhod hon B, mot it. Vi vay van tSc tuyét déi cling bién d6i hudng va giam tri sd
tuyét doi. Nhu vay thi:
Hj, =KH;,, m
trong dé:
H,, - chiéu cao ly thuyét cha guéng cé s& cdnh gidi han,;
K - hé $6 tudn hoan.
Chiéu cao thuc t€ (hoac chiéu cao hiéu qua) duge tinh theo cong thitc:

K u’
H=H;n, =Kn,H,, = _,D_I.Lqi,&, m
g

\PFUZ

hoac la: H= 2. m
2g

trong dd: y ' - hé s6 chiéu cao dp luc thue €. Déi v6t canh cong vé phia sau y' = 0,5 = 0,7,
d&i vai canh cong phia trude ' = 0,8 + 1; v6i canh lhéng tanclng ' =0,6 + 0,8.

2.5.1.4. Nén nhiéu cdp

Guong dong ciia mdy ly tam tao ra dp luc cang cao khi van t6c vong cang cao.
Nhung gia tri u, bi han ché bai diéu kién siic bén.

Hién nay cdc gudng ché tao bang thép khong gi tao ra dugc ti s6 nén:

g=r2-125:1,5
P

Mudn ¢6 ti s6 nén nhiéu hon phai nén nhiéu cap. Ti s6 nén trong moéi cap xdc dinh
theo cong thire (2-47):

E=yzl——
Pi

trong d6: - he s6 dé y dén tén that giita cac cap, w = 1,03 + 1,05.
2.5.1.5. Ndng sudt va cong sudt mdy nén ly tam.

1. Nang suat 1y thuyét cia mdy nén ly tam duoc tinh theo cong thic:

Qh=5ﬁl~—ll—, m®/s (2-110)
k, k,pu,

trong do: k,, k, - cdc h¢ 30 va xdc dinh theo cdc cong thic:
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2
L
k, = Y2 cotgf, + Geotgh, :
vify f,
ViV, - the tich riéng clia khi khi vio va ra, mkg:
fi.f; - diéntich cha tiét dién tu do cia gudng dong & clra vao v clra ra, m?;
p - khoi lugng riéng clia khi khi vao gudng dong, kg/m®;
Q) - nang suat khi trong diéu kién hdt, m"/s:
p - ap suat khi, p=pgH v6i H la chiéu cao 1y thuyét.
2. Nang suat thyc t€ clia mdy nén ly tam xdc dinh theo cong thiic:
Q = Qllnv * m3/s ;
trong d6: m, - hiéu suat thé tich ctia may nén, n, = 0,97 + 0,99.

3. Cong sudt ¢ ich clia mdy nén ly tam x4c dinh theo cong thic:

QHpg kW
1000

trong dé:
Q - ning suit cha mdy nén ly 1am, m'/s;
H - chi€u cao dp luc thuc & cha may nén ly tam, m c6t khi;
p - khoi lugng rieng clia khi, kg/m™

p =-F¥2—, kg/m®; *

Py P - khoi luong riéng & clta (miéng) vao va cira (miéng) ra cha gudng dong, kg/m’.

4. Cong sudt chi thi: cong tiéu hao thyc t& cho khi Idn hon cong cé ich do c6 tén that
thé tich va thuy luc:
N, =%, kw 2-111)
nct
trong dé: M, =n,n, - hiéu suat chi thi.
5. Cong sudt trén truc tinh theo cong thirc (2-53)
N,
N, = —%, kW
rlck
trong d6: My - hiéu sudt co khi tinh t6i tn that ma sit trong cic ¢ d& va ma sat cia
guong dong véi khi.
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Thay gid tri cha N, & cong thite (2-111) viao cong thitc (2-33) cé:
X kw,

T]clnck n
trong dé: n - hiéu sudt chung va xac dinh theo cong thic:

N=NM M = NNk -

N =

m

6. Cong suat déng co:
N_K

m

N

trong dé:
Tt - hi¢u suat truyén dong;
K - hé s6 du trix, chon nhu véi bom ly tam.
Khi khong c6 céc s6 lieu, cé thé xdc dinh cong suat tryc mdy nén theo cong thifc sau:
k-1 k-
107kp, (l_’z_]"__l o, 107GRTk (gz__] <
k-1 |{p, 0 k-1 P,

NonNek NonNek

107.2,303RT,G1g P2

- Piyw (2-112)
NanNek

trong daé:

Nun - hi€u sudt doan nhiét, Npn = 0,66 = 0,78:;

N, - hi¢u suat thé tich, n, = 0,97 + 0,99;

G - néng sudt khéi luong, kg/s ;

R - hang sé khy, J/kg®K;

Tgn - hicu sudt ding nhiet, n, =05+ 0,7,

T, - nhiét do vio ciia khi, °K.

Chi s6 da bién m = 1,6 + 1,8. Do ma sit lai khong duge 1am lanh nen ¢ong ma sdt

bi¢n thanh nhiét 1am tang chi sé da bién. Néy 1am lanh, nhiét do ma sat duoc 12y di thi

m=13.

2.5.1.6. Lam lanh mdy nén tuabin

Trong mdy nén tuabin do ti s6 nén 16n nén can phai 1am lanh khi nén. Viéc lam lanh
khi nén thuc hien & trong cdc thiét bi 1am lanh trung gian sau khi khi da nén ¢ trong mot

nhém gudng dong.
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Qua trinh nén trong may nén
tuabin dugc bi€u dién trén dé thi
T-S (hinh 2.21).

Khi di vao guéng dong cha
cdp thir nhit c6 dp sudt p, va
nhiét do t,. O trong nhém guodng
ddu tién khi duge nén t6i dp suat
p' va lic nay nphiét do clha khi
tang 161 t'. Sau dé khi duoc dua
vao thiét bi lam lanh trung gian
va dugc 1am lanh tdi nhiét do t
gan nhiét do t,. Khi t0d ra mot
lvong nhiét (biéu thi bang dién
tich gach gach duéi duong t' -t .

Trong nhém guéng thit hai,
dp suét va nhiét do khi ting t6i

Hinh 2.21

p" va t". O trong thiét bi 1am ngudi trung gian phiét d6 khi gidm tSi 1] . Sau nhém thi
ba nhi¢t d¢ khi tang t6i t” va p” . Nhu vay cong tieu hao dé nén khi bing téng cong ciia

cac nhém riéng:

L=C(t'—t))+C (t" -1 )+C (15—t ), Jkg.

Céng nay s€ cang nhé néu cang lam lanh trung gian 5t. Néu khong 1am lanh trung

gian thi cong ticu hao s& 1a:

Jikg.

Hinh 2,22
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Cong tiét kiém duge do lam lanh biéu
dién bing phin gach ngang trén da thi.

2.5.1.7. Ddc tuyén cita mdy nén ly tam

Trong cdc mdy nén ly tam ciing nhu
trong cac may quat ly tam luu lugng bién
d6i theo dp suat & 6ng ddy.

Khi s6 vong quay khéng doi (n = const)
néu dan dan m& van diy va do Q, p thi dng
v6i méi vi trf nhit dinh s& v& dugc dudng
cong p —Q (hinh 2.22).

D6 1a dic tuyén p - Q clia mdy thdi khi
ly tdm, né tuong ty vdi dac tuyén clia bom
ly tam.



Diém K trén dudng cong p — Q 12 diém t6i han. O phin trudc K khi tang Q thi p
cling ldng, con ¢ phan sau K khi Q tang thi p gidm. Néu Q < Qg thi mdy sé lam viéc
khong 6n dinh (vi & mot chidu cao ¢6 hai luu luong Q, va Q ). Do dé may bét ddu 1am
viee khi thi 6 trang thdi nay, khi thi & trang théi khdc, dong s€ dut doan nén rung dong
cuia mdy rat manh va cang manh khi dp suat, thé tich ciia ong din va khéi lugng riéng
cua khi cang I6n. Nang sudt binh thuong hoéc tinh todn clia mdy Q = Q,, O phia phai
diém K (trong phdn én dinh cia dudng cong va hiéu suat cuc dai).

Ap suit day cla mdy théi khi ly tim giam khi giam 4p suat hiit. Do ¢ nhuoc diém
cd ban nay nén mdy théi ly tam c6 hi¢u suét thap. Mdy thdi khi ly tam cé thé lam viéc
ndi ti€p, song song giéng nhu bom ly tam.

2.5.1.8. Diéu chinh mdy thoi khi va mdy nén ly tam (tuabin)

Do dic diém céu tao 1a c6 diém lam viéc khd gin di€ém 181 han, nén cén phai ¢ hé
théng diéu chinh phiic tap dé bao vé may khoi hién tuong rung dong.

biéu chinh cdc mdy nay dua vao mot trong cdc nguyén tic (hodc phéi hop giita cdc
nguyén tic) sau;

I. Bién déi s6 vong quay: ¢6 thé coi mdy nén ly tAm tuén theo dinh luat ti lé:

QW[ g g_[i“
Q n H n/ N n
Vi vay, n€u truyén dong cho phép bién déi s6 vong quay clla truc may théi khi thi

khi gin diém 161 han ¢6 thé bién ddi s6 vong quay dé dua mdy vido nhanh én dinh. Cich
diéu chinh nhy vay rat kinh té.

2. Tiét huu trén dudng hat: bang cich gidm ap sudt hit cla guéng dong, ching ta
tang thé tich riéng ca ching lam cho dac tuyén clia may van giit nguyén, diém lam
viéc van & phan 6n dinh va chi ¢6 luu lugng khéi lugng cha khi bi giam di. Hiéu sust
cua mdy giam vi mat hiéu s§ dp sual trudc va sau van tiét luu, Phuong phdp nay
khoéng kinh t&, '

3. Cho lwong khi thira tré lai dudng hut: khi gidm ap suat dén diém t6i han thi xupap
chdng rung dong md ra, lugng khi thita quay nguge lai 6ng ddy hoac vio khi quyén.
Phuong phap nay ciing khong kinh & vi mat cong nén khi.

4. Gan cho mdy nén tuabin mot tuabin khi: khi thita qua xupdp chong rung dong di

vao gudng dong cha tuabin khi. Nang luong d€ nén khi sé dugc tra lai & day. Nho do
hi¢u suat khi lam viéc v6i luu lugng nhd khong b giam.

5. Biéu chinh bang cich quay cdc cdnh clia guong hudng: quay cdc cinh cia gudng
hudng c6 the bién déi dic tuyén cla mdy va giam vung lam viéc khong én dinh k&m theo
giam hiéu suat khéng nhidu. Géc guong hudng cang nhé thi liu lueng cha khi cang nho.

157



2.5.1.9. Vdan hanh mady

Mic diy rdt nhiéu bo phin cia mdy théi khi vd mdy nén tuabin ¢6 cdu tao gidng
nhau nhung méi may déu c¢é dac diém riéng va duge phan dnh trong cdc quy tic van
hanh (do nha méy ché tao dinh ra). Vi vay, tuan theo cdc quy tic ndy la rat can thiét. Tu
c4c quy tic ndy c6 thé rit ra nhitng diém chung d6i véi tat ca cic mdy nhu sau:

1. Mdy (héi khi tuabin vd mdy nén tuabin khoi dong khi déng van hut. Trude khi
khdi dong can phai cho chay bom ddu khai dong va cho nudc vao hé thong lam lanh
bang nudc.

2. Van diy cdn phai m& néu sau né ¢6 mot xupdp thi mdy cin phai ndi véi dudng
khong tai. Sau khi dat ducc dp suat binh thudng cén tit bom dau.

3. Trong thoi gian van hanh dp sudt khi va ddu phdi & trong gidi han da chi ra (trong
cdc ban 1y lich mdy). Ap sudt ddu phai khong nho hon lat va nhiét do cia dau can thap
hon 50 = 60°C. Nhiét d6 ciia nuée 1am lanh & cira ra khoang 35 + 40°C. Ngudi phuc vy
cdn quan st ding din trang thdi cta cdc thi¢t bi an toan va diéu chinh phai lién tuc, mo
van xa @ cac thigt bi 1am lanh va & vo may théi tuabin dé ddy nude ngung ty ra.

Trong thoi gian van hanh ¢6 thé 6 nhimg sai s6t xdy ra nhu:

a) Nhiét do cudi cing cha khi nén qua cao, d6 la do bun hoac cao canxi lam bdn bé
mat tam lanh. Khic phuc bang cdch lam sach khi sira chifa;

b) Nhiét d6 di ra cha nudc 1am lanh qua cao, d6 1a do fuu lugng nudc bi giam hoac
nhiét d6 nude vio bi ning cao. Khac phuc bang cdch tang lugng nudc;

¢) Xudt hién khi nén & phia trudc (16 ra hoac vio cha nude) do cdc bit kin bi hg. Can
thi€t dimg mdy va khic phuc;

d) Rung déng & céc 8 d& va mot vai nok cia vo mdy. Phin 1én trudng hop 1a do tang
khodng hé do mai mdn bac cha 6 d& va mai mon tryc. Rung dong cting ¢ thé gay nén
do cdc nguyén nhan khdc: 4p sudt dau khong du, noi truc dit léch tam, roto guong dong
khong can bing;

d) Nhiét do 8 d& bi nang cao: do boi tron khong ding, bom dau lam vi¢c khong 16t
may loc bi bén, c4c 16 ddu dan bj bdn, sy lam lanh dau trong thiét bi lam lanh dfu khong
t6t v.v... Khi d6 cdn thiét phii dimg ngay may vi ¢6 thé 1am néng chdy hop kim babit
clia bac va lam hong may.

D€ dimg mdy cin: déng van hit; m& bom dau khéi dong; dimg mdy sau d6 cin dong
van trén dudng ddy; déng van nuéc lam lanh; sau 15 + 20ph thi dimg bom dau khai
dong, m& van xa & vo mdy théi tuabin va § cdc thi€t bi lam lanh trung gian. Théo hét
nudc 4 cac 16 1am lanh.

Khi ditng do hu héng thi truéc hét ngat dong co, sau d6 chay bom diu khéi dong,
réi 1am cdc cong viéc con lai nhu thuong,
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2.5.1.10. Cdu tao cia mdy nén khi va mdy thoi khi

Trong cong nghiép str dung cic loai mdy théi khi tuabin v mdy nén tuabin khac
nhau vé ki€u va ciu tao.

My théi khi tuabin (ly tam) loai mot guéng (hinh 2.23) ding dé van chuyén khong

khi va céc khi (SO, ...), tao ra chiéu cao 4p luc 2000 + 3000 mm c6t nudc khi nang suat
la 1100 m*/ph va hiéu sudt n = 0,85.

.-’/'
. P
.J ki
3 ey ﬁ
\\ N 5 A
y ] ;I )
/ v
1 —
N et *
s £
l ;4 7 v 77e
72N N AL
Hinh 2.23

Miy gém guéng / quay trong vo 2 ¢6 dang xodn 6c. Khi vao qua 16 hit 3 va day
vao miéng day 4. Dan dong clia may thdi khi truc ti€p tir dong co dién. Bit kin giita truc
va vo la loai bit kin khiic khuyu.

Loai mdy théi khi tuabin nhiéu guéng (hinh 2.24) dugc sir dung rong rii. O nhiing
mdy nay, khi qua 6ng hiit /2 vao guéng dong déu tién ctia cic gudng dong /3 dugc dat
trong v6 6. Khi bi nén trong guéng dong nay réi dugc ddy vao gudng dong thit hai. Nhu
vay la khi di qua tat cd cdc guong dong 3 r6i di qua v xodn 6c 8 vao ong ddy /0. Giita
cdc guong dong dat thiét bi (guéng) huéng 4 c6 cic canh nguoc 5 dé dam bao cho khi di
vao gudng dong sau khong bi va dap. Gita truc / va vo 6 ciing nhu gilta cac tdm ngan 7
va gudng dong c6 cdc tam bit kin khiic khuyu 2 (gém mot day chan ngan). Khi r6 qua
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cdc cho khong kin di qua cac chan ngan d6 s€ giam t6i 4p suat ddy clia gudng trudc hoac
ap suat khi quyén. Ap luc chiéu truc sinh ra & may thdi khi tuabin dugc khir bang pittong
thdo tai 9. Khi r6 qua né dugc dan theo 6ng thai 9 vé lai 6ng hit /2. Trong cidc mdy
nang suat nho, dp sudt chiéu truc dugc khir bang cic 6 d& chiu luc chiéu truc. Cho dau
vao may théi khi phai ding 4p suat.

W RaRma

BT

SENSNw————

Nl o -

Hinh 2.24

ACT

1
Hinh 2.25
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2. Mdy nén ly tam (hinh 2.25) ¢6 cdu tao tuong (v nhu mdy théi khi tuabin nhiéu
guong, nhung s8 gudng nhiéu hon (16i 12). Pong thoi cdc gudng duoc chia thanh bdn
nhom c6 kich thuée khdc nhau goi 1a bén cép. Gilta cdc nhom ¢6 dat thiét bi lam lanh
trung gian //. Ap sudt chiéu truc duoc khir bing pittong théo (i 8. Guong cudi cung clia
moi ¢dp c6 gan véi thiét bi (gudng) hudng chuyén déng S, con cic gudng khéc chi ¢6
thiét bi (gudéng) hudng bit dong 6.

Nang sual clia mdy nay khodng 5000 + 40000 m*/h tng v6i 4p sudt 7at. S6 vong
quay bién déi tir 3000 vg/ph dén 6000 vg/ph va cong suit khoang 5300 kW.

2.5.2. May nén dong hoc khac
2.5.2.1. May nén hudng truc

O trong loai mdy nén nay, dong ning cung cép cho khi nho luc hudng truc thong
qua van t6c chiéu tryc. May nén ¢6 luu lugng rdt 16n 10*m*/h khi 4p sudt t&i 6at. S6
gudng nén co thé tir 1 téi 20.

2.5.2.2. Mdy nén luéng chdt chdy (tuye)

1. May nén khi 1am viéc
nhd nang lugng cha ludng
hoi, ludng khi hoiic ludng
long thudng goi 1a tuye va
dugc s dung rong rdi trong
cong nghiép hoa hoc.

Nguyén tac 1am viéc cha
cdc mdy nay la: khi bi luéng
long, ludng khi hoac ludng

hoi chuyén dong véi vin t6c
16n kéo theo nhé luc ma sit
bé mit cung cap cho khi mot

Khi
{khong khi)

phian dong ndng cla minh.
Sau dé dong nang s& bién

thanh thé nang dé nén khi.

C6 hal loai tuye: hit va
ddy. Tuye hai va tuye nén khi
dung holt duge 1ng dung
nhiéu nhit.

2. Tuye hoi va tuye nén
khi ding hoi (hinh 2.26a) c6
nguy¢n ly lam viéc nhu tuye

X X X X X X X ¥ X X X X X X xX %

b}

Chét long
lamvigc

Hinh 2.26
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hit va ddy chat 16ng (xem myc bom ludng & chuong thi nhat), chi khic 1a & trudng hop
sau chat khi bi nén ¢p.

Hoi lam viéc di ra khéi miéng voi lavan / véi van tdc rat 16n (1000 + 1400 m/s). Viu
phun lavan / khdc véi vdi phun ding nudc 1a trong vol phun lavan xay ra qué trinh dan
né doan nhiét va sinh cong L. Cong nay lam tang van téc cla hoi va lam né phut ra véi
van tdc rat én kéo theo khi di vao phong trén 2. Tai day, hoi truyén dong nang cho khi
nhér luc ma sét, rdi ¢4 khi tan hoi vao loa md rong 3. Trong loa md rong s& Xdy ra qua
trinh bién dong ning thanh thé nang (ap sudt tinh).

Van téc phun cia hot ¢6 thé tinh theo cong thife:

v=p.2gh, ms (2-113)
trong do:
L - cong dan, J/kg;
i - hé s6 tdn that van t6¢ trong voi phun, thudng lay p = 0,95.
Cong din duge xdc dinh theo cong thie:

L=Ai Jkg (2-114)

NE&u & trude voi lavan hoi di chuyén dong véi van tée v, thi:

vy =4 V; +2gL, m/s (2-115)

Vin t6c 161 han dat duge & tiét dién hep nhat cGa voi lavan tinh theo cong thitc:

Vlh:\ngkpzvl :\ngRT 2.116)
k+2 k+2

Nhu vay 12 n€u hinh dang cta voi chi giong nhu loai voi thong thudng thi van toc
chi c6 gid tri nhu & cong thic (2-116). Van téc t6i han tuong ng vdL tl sG dp suat téi
han, lGc d6 luong khi qua voi trong mét don vi thoi gian s€ khong déi khi ting ap suat

hoi vao p,. Ti s6 ap suat t6i han v6i khi khik = 1,4 1a [p—?‘] = 0—‘1;-2—8:; doéi vl hoi bao
P/ >

hoa | P2 =# va doi v6i hoi qua nhiét Ll :#.
P, 0577 p, ), 0546

Nhu vay 1a s& khong st dung dugc hoan toan dong nang cua ludng khi cling nhu
khong dat duge do chan khong cao. Vi the, véi voi lavan su ddn n& clia khi con tiép tuc
trong phan hinh nén (¢6 do nén 10 + 12°), Jam cho ti s6 dp suat tang cao hon 151 han,

nghia 12 van tdc phun cao hon tdi han.
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Hiéu sudt cha tuye hoi tinh theo cong thikc:
_GL
1" Dai’
trong dé:
G - luu lugng hdn hop hoi va khong khi dugc nén, kg/s ;
L - cong nén doan nhiét riéng, J/kg ;
D - luong tiéu hao hoi lam viée, kg/s ;
Al - do giam nhiét doan nhiét, J/kg.

Tuye hoi ¢6 hiéu sudt thap hon may nén pittong va ly tam rat nhiéu. Khi nén doan
nhiét n,_., khodng 5,7%. Tuye hoi chi tng dung hop 1y trong trudng hop st dung duoc
nhi¢t clia hoi dé dun néng, lic nay higu suat dat 161 90 + 95%.

Pac diém cia tuye hoi 1a khong c6 cic bo phan chuyén dong, cau tao don gian va
chic chan nén c6 thé lam baing cic vat lieu bén hod hoc (sd, sanh, ...) dé hdt cdc hoi
axit. Tuye hoi c6 thé dat bat ky & dau vi khong yéu cau co be va khong ¢é bo phan
truyén dan dong. Uu diém dac biét cla tuye hoi so véi bom chan khéng vong nudc va
bom chan khong khéc 1a ¢6 thé thuc hi¢n duge do chin khong cao. Cic tuye dung hoi
thuy ngan sit dung & cic phong thi nghiém ¢6 thé tao ra do chan khoéng tng véi dp suat
tuyét déi [a 107 at.

Céc tuye hoi hat ding hoi nude tao duge d6 chan khong img véi dp sudt tuyét doi la
0,3mmHg, trong khi d6 tuye nudc, bom chan khong pittong va bom chan khong vong
nudc chi tao duge d6 chan khong c6 dp suat tuyét dsi téi 20mmHg (mudn tao duge do
chan khong cao phai diung bom pittong nhiéu cdp c6 ciu tao rat phifc tap).

Nhuge diém cla tuye hoi la tiéu hao hot nhiéu, khdi dong cham va trén lan khi duoc
hit vao hoi.

Do tuye hoi tiéu hao hoi nhi€u nén chi sir dyng ¢6 101 khi do chan khong nho hon
30 — 40 mmHg. Dé tiét kiém hoi thudng phdi hgp voi tuye nude. Vi khoi luong cla
khong khi dugc hat rat it bien déi theo sy bién déi cua dp suat khong khi, nén trong
thoji gian bat ddu khoi dong khi dp suat cta khi con 16n thi thé tich khong khi duge hut
nhd va nhu the 13 nang sudt giam di (nhugc diém nay khong ¢6 & bom pittong va bom
vong nudc).

Thdi gian gin day tuye dugc tmg dung rong rii dé tao chan khong trong cic noi
chung cat, thiét b bdc hoi va thi€t bi sdy. Ngoai ra, con ding trong qud trinh két tinh
chan khong, trong cdc thiét bi lam lanh nude va 1am nude dé, trong cdc thiét bi ngung tu
cua tuabin hol.

Loai tuye hol mot cap thuong chi tao ra do chan khong 90%, muon c¢6 d§ chan
khong cao hon 95% nghia la dp suat tuyét d6i nho hon 30 mmHg cdn phai ghép ndi tiep
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nhiéu tuye hoi (hinh 2.26b). D€ cho tuye sau khoéng nén hoi thai cla tuye trudc ngudi ta
dat cdc thiét bi ngung tu trung gian 2, 4, 6 dé ngung tu cic hoi thira ctia nude. Ham
luong cua hoi nudce trong hén hgp khi va hoi duge hiit bing tuye dat sau thi€t bi ngung
tu xdc dinh theo dp sudt hoi bdo hoa cla nudc ng v6i nhiét do ngung tu cta né.

Tuye hoi hiit phu trg 8 ghép song song véi hé thong chinh ding dé€ tang nhanh qua
trinh khai dong ban ddu. Khi da dat t6i d6 chan khong cdn thiét né sé ngung hoat dong.

Ti 6 nén trung binh & moi cdp coa thiét bi nay khoang 3. S6 cap phu thudc vao do
chan khong yéu ciu, thi du ba cdp cho do chan khéng 30mmHg thi bon cap cho do chan
khong la 10mmHg.

3. Tuye nudc nén khi (hinh 2.26¢): ¢6 cdu tao tuong tu nhu tuye hoi trir vo1 phun.
Nguyén 1y 1am viéc clia tuye nuéc nén khi nhu tuye huit va ddy chat long.

2.6. VUNG LAM VIEC THiCH HOP CUA CAC LOAI MAY NEN

Tuy theo luu lugng va dp suat ma

chon loai may nén thich hgp véi diéu 1§§ 1

kien lam viéc. O hinh 2.27 1a dé thi 40 |2+ N

mo ta ving lam viéc thich hop cla . 2T T % 5

céc loai mdy nén: ving 1 - mdy nén 2 b l|

pittong mét phia; ving 2 - mdy nén = $ Y B B
pitténg d6i ximg; ving 3 - may nén 2 A y 2 '__1_ e
pitténg thing ding; ving 4 - mdy nén o 4 A 6 i
gdc; ving 5 - mdy nén cich mang; gi T T8

viing 6 - mdy nén truc vit; ving 7 - may 0.2 |

nén tdm trugt; ving 8§ - may nén vong 0 2 4610 2040 100 400 3300
chat 1ong; ving 9 - mdy nén ly tam; Q, m'/ph

vung 10 - mdy nén hudng tryc. Hinh 2.27
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Chuong 3
QUAT

Quat 13 nhitg mdy dung dé van chuyén khong khi hoac cac khi khdc khi dp suat
(chiéu cao 4p luc) khong 1én hon 1500 mm cot nudc.

Ti s6 nén ctia khong khi (khf) trong quat khong 16n va khong ¢6 anh huéng thyc t&
lén qud trinh & trong quat. Vi vay khi nghién citu sy lam viéc va tinh todn quat ta c6 thé
coi riing khi khong bi nén, nghia la coi khi nhu chat 1ong. Do dé cdc thong s6 co ban va
moi tinh toan d&i véi bom ciing ding truc ti¢p cho quat.

3.1. QUAT LY TAM
3.1.1. nguyén tac lam viéc va cac bo phan chinh clia quat ly tam

Quat ly tam (hinh 3.1} lam viéc theo nguycn tac clita bom ly tAm. Nhimg bo phén
chil yéu clia quat la: '

1. Guéng dong: dé tao nén 4p luc va chuyén khi vao trong mang. Guéng thutng
duoc ché tao bing thép tim, han hoac tdn dinh.

Hinh 3.1

Ciing nhu & bom ly tam, néu gudng dong cé cdnh cong vé phia trude s&€ co dp lyc
cao hon gudng ¢6 canh thing va cdnh cong v€ phia sau khi ¢6 cung sG vong quay, song
hiéu suit thuy lyc thip hon mot chit. Trong quat thudng dung cdnh cong phia trudc
hoac thing canh, chi trir quat cao 4p. Gudng gém ¢6 dia sau /, dia trudc 2 va cac cinh 3

165



gén 1én hai dia (véi s6 canh khodng 6 - 64), bac (moayo) 4 dic hoac tién dugc che tao
rieng va diing dé lip gudng 1én truc 7. Bac dugc lap cung véi dia sau bang han, dinh tdn
hodc bat bulong.

Ciu tao cla loai gudng dong do X. A. Ruxin d¢ ra rdt thuan lgi cho san xuat hang
loat vi ch¢ tao don gian va nhanh chéng. N6 chi gém ba chi tiét: dia sau, bac va vong
thép trén dé cé udn cac canh. Dia trude duge thay bang mép uén cong cha vong thép.

2. Vo: dung dé tap trung dong khi va bién d6i dong ning thanh tinh ning nén bién
dang cua vé 12 dudng xodn &¢ va c6 6ng vao 6 dé dan khong khi di vao gudng dong vdi ton
hao thuy tinh nho nhat. Khodng hé giita éng vao va guéng khong nén vugt qud 0,01 Dg
(D - dudng kinh guéng). Khi khoang ha I6n, lugng khong khi bi ton hao qua khe s& Ién.

Vo duge han tir thép tam, déi khi tdn dinh hodc ddc (& quat nhd). V4 cua quat nho
c6 thé gin truc tiép vdi gid quat. V6i quat 16n (do khéi tugng 16n) phai dat ngay 1én bé
d@ rieng cha né. Dé tang 1iép tuc dp sudt khi sau khi ra khoi vo, ngudi ta dat thém mot
loa m& rong, loa nay doi khi con diing lam doan 6ng chuyén tiép.

3. Truc: truc 1am bing thép t6t, & nhitng quat nhd truc duge gén ngay 1én dong co.

4. Gid may: dic hoic han.
3.1.2. Phan loai quat ly tam

1. Theo dp luc: dp luc thip < 100 mm ¢t nudc; ap luc vira 100 + 400 mm ¢ot nudc;
dp luc cao > 400 mm cdt nude.

Tuy nhién c6 thé thay déi s6 vong quay clia quat dé chuyén tir loai nay sang loai Kia,

2. Theo hé so cao tdc: quat mau & day ¢6 dp luc 30 mm c6t nuéc, téi ning sudt
1m’/s ta hop Iy nhat. Nhu vay cong thitc dé tinh hé so cao téc clia quat Fa:
1

11,3nQ?
:731
[HJZ
p

n - $6 vong quay clia quat trong mot phut, vg/ph;

ve/ph (3-1)

13

trong doé:

Q - nang suat, m'/s;
H - ap lyc, mm ¢dt nudc;
p - khoi luong riéng cta khi, kg/m’.
Tuy thuoc vao hé s6 cao t6c ngudi ta cdn chia quat ly tdm ra quat cao toc (huéng
tryc) ¢6 n, > 1500 vg/ph; quat c¢é van téc trung binh véi n, = 800 + 1400 vg/ph; quat
¢6 van t6¢c cham -n, = 500 + 700vg/ph; quat rat cham ¢6 n, < 500 vg/ph.

3. Theo muc dich: gobm cé quat khong khi va quat khoéi 10 (hit khi va bui).
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3.1.3. Phan tich su lam viéc cila quat ly tam
3.1.3.1. Ap luc toan phdn cia quat ly tam
Ap luc toan phan cua quat gdém 4p lyc tinh hoc h, va dp luc dong hoc hy:

H = h, +h,, mm cot nudc.

Tugng tu nhu & bom ly tm ¢6:

h, =hy, +h,y, mmcot nudc (3-2)
trong do: h,, - 4p luc du khi ddy, mm cot nudc

h,, - 40 chan khong khi hit, mm ct nudc.
Pong thoi cling ¢b:

2

h, = [l , mm cOt nudce. (3-3)
2g
trong dé: ¢ - van toc khong khi & miéng ra clia quat, m/s

g - gia t6c trong truong, m/s’.
Ap luc dong hoc c6 khi chiém t6i 50% dp luc toan phin, nhu viy:

2
H=hy +hg+ 527;3 , mm cot nudc (3-4)

Tix cong thiic (3-4) c6 thé phan chia quat theo déc tinh va noi dat:
1. Néu khong c6 &ng hit, nghia 1a quat hdt khi tryc tiép tlr khi quyen thi:
hy, =03

2
C .
H=hy, +E—, mm c§t nuac.
2g

Trong trudng hop nay cong sual tiéu hao chi dé ddy Kkhi, vi vay goi la quat day.

Néu khong c6 ong ddy hodc ong ddy rit ngin so voi Ong hat thi hy =0 va
pc’
H=h, +E—, mm cOt nudc.

¢ day quat tiéu hao cong suét 4& huit khi, do dé goi 1a quat hut.
2. Néu quat khong c6 6ng huit va ddy thi hy, =0, by =0:

2

C -
H= Pe , mm cot nude.
2g

& trudng hop nay cong sut tieu hao chi dé van chuyén khong khi nén goi la quat
khong ap suat.

167



3.1.3.2. Su phu thuéc caa chiéu cao dp luc gquat vao dang cdinh cia gudng va
dinh ludt & I¢ doi vdi quat

L. Sy phu thugc cla chiéu cao 4p fuc quat vao dang cdnh guéng: vi ti s6 nén khong
16n nén c6 thé coi cdc két Juan déi v6i bom ly tam cing ding v6i quat ly tam (xem phédn
bom ly tam):

_U,C, cosa,n,K

H, ., m cot khi.
g
. L U, sin N e .
Thay the c, theo dinh Iy sin: ¢, :_'z—ﬁz vAo cong thic trén ta cé:
sin(ay +P,)
| uj sin B, cos a,n,K

gsin(a, +pB;)

sinf3, cosa, MK

Pat
¢ gsin{a, +B,)

=y, , thay vao ta ¢é:

H, = \pquz, m cét khi hay H, = 1|;qu§p, mm c¢{t nuGe (3-5)
trong doé:
p - khoi luong riéng chia khi, kg/m’:
y,, - hé 56 chiéu cao 4p luc clia quat. Véi quat cé canh cong vé phia trude thi
W, = 0,9 + 1,1; cinh thing y, = 0,7 + 0,9; cdnh cong vé phia sau w, =0,5+0,7.

2. Dinh luat ti 1¢ d6i véi bom ly tam cling ding véi quat ly tam:

3
Q _n H _n} _N_H

; (3-6)
Q, n; H, "% N,

3.1.4. Cong suit can thiét cia quat va cong suit ciia dong co
Neéu bo qua su bién ddi khdi luong riéng chia khi thi cong suit can thiét ciia quat xdc
dinh theo cong thic:
-3 -3 -3
N = 10 QpgH, _ 10" QHg _ 107°QAp kW
n n n

(3-7)

trong do:
Q - nang suat cla quat, m%/s;
H, - chiéu cao dp luc, m cot khi;

p - khoi fugng riéng chia khi, kg/m?;
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n - hiéu sudt chung, n = 0,4 + 0,6;
H - 4p luc tinh bang mm cot nudc;
g - gia t6c trong trudng, m/s”;

Ap - dp luc cla quat, N/m’.

Hiéu suit chung 7 tinh t6i tn that cong sudt quat vi ton that cong suat dé thang trd
\yc co khi truyén dong va 6 dd:

M="gNgMa (3-8)
trong dé:
n, - hiéu sudt chung cfia quat khong ké tén that co khi (tra bang);
T - higu sudt & d&, khoang 0,95 + 0,97, tuy thudc vao loai, s6 va trang thii cha & do,
N = 0,9 + 0,95 déi véi truyén dong dai truyen.

Cong sudt clia quat ly tam c6 thé tang lén rdt 16n ca khi nang sut tang lén khong
16n, vi vay phai c6 du trit cao (do thi€t k€ khong chinh xic, thay déi thiét k& khi lap rdp,
h¢ théng ong din khong kin va mot s6 nguyen nhan khdc).

Cong sudt cha dong cd tinh theo cong thirc:

N, =kN (3-9)

Gid tri ca hé s6 du trit k tra & bang 3.1, tuy thudc vao cong suét N.

Bang 3.1
Cong suat N, kW X
Ly tam Hudmg truc
0,5 1,5 1,2
0,51 + 1 1,3 1,15
1,01 +2 1.2 11
2,01 +5 1,15 1,05
>5 1,1 1,05

3.1.5. Su lam viéc cia quat trong hé thong
3.1.5.1. Pdc tuyén ciia 6ng ddn, ddc tuyén ciia quat va diém lam viéc cia quat
1. Bac tuyén clia 6ng din: ton that 4p luc trong c”):ng dan duoc tinh theo cong thirc:
H_ =H, +S/Q*, mm cot nudc (3-10)
trong do:
H, - chiéu cao tinh ctia khong khi, mm ¢t nude;

Q - luu lugng khong khi qua 6ng dén, mY/s;
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S - trd lue riéng cta 6ng, mm cot nude/(m Gng: m®/s%);
! - chiéu dai 6ng, m.
Dai véi ong dan nhit dinh, ta thay thé S/ = k thi:
H, =H, +kQ’ (3-11)
Pudng cong (hinh 3.2a) 1ap theo cong thitc (3-10) hodc (3-11) 1a dac tuyén cha 6ng
dan (con got 1a dic tuyén clia hé thdng ong - thiét bi).
2. Dic uyén cha quat tuong tu nhu & bom ly tam (hinh 3.2b).

3. Phéi hop dic tuyén caa dudng Ong va clia quat thi diém cét nhau A cua hai dudng
cong 12 di¢m lam viée ctia quat (hinh 3.2¢) véi céc gid tri Q,, H,, N,, n,.

H

Hinh 3.2
3.1.5.2. Su lam viéc ciia quat mdc song song va noi tiép
Néu quat khong di ap suat hodc tuu lugng thi ¢é thé méc ndi 1i€p hodc song song.

1. Noi song song: dung khi nang sudt cia mot quat thi€u nhiéu. Khi néi song song
thuong dung hai quat c6 kich thude nhu nhau hoidc 13 dong nhat dang hinh hoc. Khong
khi tit hai quat truyén vao trong mot &ng dén hoac ¢a hai quat hit song song khong khi
tir mot the tich. Trong cdc hé thong ndi hoi ¢6 cong sudt 16n, thudng dung cic quat khi
hat hai phia, day chinh la hinh thifc gian don cla hai quat ndi song song.

Pac tuyén ciia hé quat néi song song duge thé hién & hinh 3.2d. Cic doan OE, ED,
BE, lan lugt tmg véi nang sudt, hiéu sudt va dp luc cha mot quat khi lam viéc song song.
Con céac doan OG, GF va IG lan lugt ting v&i nang suat, hiéu suat va dp luc cha mot quat
khi lam viéc riéng r& mdt minh.
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Nhu vay 1a néu hé théng chita mét quat thi nang suat OG > OE mot it nhung kém
kinh t&€ vi hiéu sudt giam xudng FG < ED, c¢on dp lirc IG < BE.

Tir hinh 3.2d cho thiy n6i song song chi cé hiéu qua khi ndo dic tuyén clia 6ng dan
la mét dudmg thoai thoai (dudng licn nét OIC), hic nay nang suit cha hai quat 16n hon
nhiéu niang sudt cia mot quat (OG, > OG). Néu dac tuyén clia 6ng dan doc (duong dit
nét) nghia 1a trd luc 16n thi khong c6 hiéu qua vi nang suat Q, = Q, ratit.

2. N&i ndi tiép: ding khi dp luc khong di. Lic ndy miéng day cha quat hit khi néi
viio miéng hit clia quat ddy khi viao 6ng ddy. Chi khi dac tuyén cla dng dan doc (dudng
lién nét OAB & hinh 3.2d) thi n6i néi ti€p méi c6 loi. Néu dic tuyén ny thodi (dudng
diit nét ODE) thi néi ndi tiép khong ¢6 1oi.

Khi n6i néi ti€p, luu lugng qua mdi quat 16n 1én va dp luc chung cing tang 1én.

3.1.6. Chon quat

C6 hai phuong phdp chon quat: theo cic bang trong catald, quy chudn va theo cic
dac tuyén.

1. Theo bang: diing ning sudt va 4p luc tinh di cho réi dya theo bang dé xéc dinh s6
li¢u va s vong quay cua quat tuong ung.

Nhugc diém cha phuong phdp nay la khong thé xic dinh chinh x4c ché do lam viéc
thich hop clia h¢ thong quat.

2. Theo cdc dac tuyén téng hop cha quat (hinh 3.3a): trén cdc dic tuyén tdng hop cé
cac dudng cong H - Q ing véi » khic nhau va cdc dudng cong hiéu suat n—Q (img vdi
mot s6 higu quat).

Ta dua cdc gid tri yéu cdu H, va Q, 1én céc truc toa do va dong cac duong song
song vét truc toa do di qua H, va Q, cit nhau tai A. Diém A 1a diém lam viéc cha quat,
dya vao dé ta c6 thé xdc dinh chinh x4c s6 vong quay va hiéu suit clia quat.

Néu gid tri H, vd Q, itng v6i nhiéu s§ hiéu quat thi ta chon loai nio c¢6 hiéu suat
16n nhat.

3. Theo dac tuyén khong thit nguyén (hinh 3.3b):

a) Dac tuyén khong thit nguyén xay dung cho cdc quat ¢é dong dang hinh hoc gém

¢ cic dudng cong H—C, (ta thay th€ s6 vong quay bang van t6c vong u = n]gén , m/s),
céc dudng cong hiéu suit n—C, va cic duong u = const.
Van téc ra C, duge xdc dinh theo ¢cong thiic:

G, =F2, m/s (3-12)
2

trong d6: F, - dién tich miéng ddy clia quat, m’.
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Ngoai ra cdn c¢d bang
kéem theo didc tuyén, trong

100
bing ¢6 tri s& duong kinh

ngoal cita guong, dién tich
clia ti€t dién miéng day F, va

cong suit quat tuong ng;

b) Chon quat theo dac
tuy€n nay nhu sau: xdc dinh 50
sd bo C, theo gid tri H' va
hiéu sudt n_,,; xac dinh gid
tri so bo cha dién tich 16 ra 25

H, mm ¢dt nudc

theo cong thiic:

F =§, m’ (3-13) 0
2 3000 5000 7500 10000, 12500
- N .- Qm/h
Néu F, khong tring vdi 4
gid tri trong bang thi ta chon
e s 3 ) 150 F o
gid tri gn nhat F, tuong img AN
‘, . QQ“A w Iy & ‘:3\ Q;?
v6i s6 hiéu quat di duge xdc 125 R o
. Iy s . N ~ ’ //Q~
dinh. Pong thén xdc dinh van 2 100 | p N
- Q g //! 0-\ Q;?
toc thuc: C, =F~, m/s, dua E 5k ; ’ 2
F
= . E- - 4 Is o\\
thco H vi C, xdc dinh lai = 50 £ *‘c’s’,,)/
, 0\\ 73
hiéu suat n; dua theo van tdc 25 % % T %
-
u va dudng kinh D, xdc dinh —
n theo Cﬁng thirc: 0 5 10 15 20 25 30 35 40
C,. mis
b)
60u
n= ,veglph  (3-14)
aD, Hinh 3.3

3.1.7. Ldp ghép quat va ndi quat véi dong co
Khi quat nhé thudng 1ap gudng dong clia quat truc tiép ken truc cia dong co (hinh 3.4a).
Nhu vay hé théng dam béo, viing chic, 1am viéc khong ti€ng dong va kinh 1€,

Khi quat 16n, guéng dong dugc lap 1én truc riéng (hinh 3.4b, c) va ¢6 & d& riéng.
Truc cla gudng ndi véi dong co qua ndi truc dan héi (hinh 3.4d, e). Tryc cua quat
thudmg ti trén cédc 6 d3 bi. Gudng lap vao truc nhd then hodc cic bulong giang.
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Khi hit hai phia hodc khi khéi Iugng 16n thi gudng dugc méc trén try giita hai & bi
(hinh 3.4d, e, g). Diéu nay dam bao cho quat lam viéc ém nhung cu tao lip ghép va
viéc ndi quat vao hé thong ong bi phiic tap.

Ngodi ra, cdon ¢ thé dan dong qua truyén dong dai, qua hop giam toc hodc ¢6 khi
bang tuabin hoi dit trén cling truc v6i gudng (trudng hop nay dé diéu chinh s6 vong quay).

Quat c6 gudng quay theo chiéu kim déng hé (nhin tit phia gid d&) goi 1a quat phai
(hinh 3.4i, k, 1, m). Con chiéu nguogc lai goi 1a quat trdi (hinth 3.4n, o, p, q). Vi tri cua
(cdc) vo khi quat 1am viéc binh thuomg 14y theo ky hiéu chit cai ghi trong hinh, vi du: miéng
ddy quay phia trdi ky hiéu T, quay phia phai ky hiéu P... (hinh 3.4, k, 1, m, n, 0, p, q).

Hinh 3.4

3.1.8. Dieu chinh quat
Ngudi ta diéu chinh quat bang cdc phuong phdp sau day:

1. Thay déi s& vong quay: diing hop gidm t6¢c vo cdp (N > 25kW); ding bo truyen
banh dai v6 cap (N nho): thay dong co cb vo so vong quay khac; dung dong ca c6 thé
thay déi s6 vong quay.

2. Déng dan van ddy din dén thay d6i dac tuyén mang, nhung phuong phdp nay
khong kinh té. ~
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3. Thay ddi géc thiét bi huéng, do d6 s& thay d6i o, dan dén thay déi dp luc va nang
suit. Phuong phap nay kinh t&¢ hon.

4, Poéng dan van hut.
3.1.9. Tinh toan thiét ké

3.1.9.1. Tinh guong dong

1. Duding kinh vong trong clia gudng dong tinh theo cong thuic:
D, =k<j%,m. (3-15)

trong do: _
n - s6 vong quay coa quat, vg/ph;
Q - ndng sudt cla quat, m'/s;
k - hé s6, k = 3,25 + 4. Ding gid tri k 16n khi n, (heé s6 cao 16¢) nho.
2. Pudng kinh ngoai ciia gudng xéc dinh theo cong thic:
D]

D,=—L.m (3-16)
m

trong dé: m - h¢ s&, m = 0,85 + 0,90 va1 quat thap 4p; m = 0,4 + 0,5 v6i quat cao 4p.
3. Chiéu dai cha cdnh dugce xdc dinh theo cong thic:

= M, m (3-17)
2
4. Buée cla canh: t=2z,m (3-18)
5. S8 canh ctia quat tinh theo cong thic: '
nl = ZFP”; (3' 19)

t
Sau khi tinh & cénh clia quat theo céng thic trén ngudi ta lam tron va ldy trong
khoang 6 + 64 canh.
6. Chién rong gudng cha quat dugc tinh theo cong thiic:
Q

b= — , m (3-20)
(ﬂDl"SrH) C1 —Py iy

trong dé:
S - chiéu diy canh, m;
C, - van t6¢ & clia vio clia khong khi, m/s;
u, - van toc vong & cira vao;

@, - hé 56 xody ca dong, ;=03 +0,3.
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3.1.9.2. Thiét ké' vo

Hinh dang vé clia quat duge xay dung theo phuong phdp "hinh vuéng" nhur sau:

1. Chon &p lyc déng hoc hy khoang 15 +

2. Xéc dinh van t6c & miéng ddy:

30% ap luc chung.

c= 28 3-21)
Iy
trong do: p - khéi luong riéng cita khi, kg/m’. . f )
3. Xdc dinh di¢n tich clia miéng ddy: D, L

Q

b 2
:‘E’ mn

F

4. Xdic dinh kich thudc clia miéng ddy:

a) néu miéng day tron:

(3-22)

4

=

d= 4 o (3-23)
s
Hinh 3.5
b) néu miéng diy vuong
A=+F,m (3-24)

5. V& dudng tron ¢6 dudng kinh 1a D,
canh a = A/4 d€ v& ra cdc cung tao thanh vo

3.1.10. Van hanh quat

roi v& hinh vudng c6 tam 1a tam quat va ¢
xoan 8¢ (hinh 3.5).

3.1.10.1. Cdc thiéu sot cdn bdn xudt hién khi vin hanh quat

Van hanh quat ly tam dung din s& 1am tang thém thot gian sir dung cha quat cho
phep sit dung t6t va giam tiéng dong. Doéng thoi viéc phat hien nhanh chéng cac thiéu

s6t d€ dé ra cdc cdch khic phuc kip thoi 12 d

ieu hét suc can thiet d6i véi quat. Cic sai s6t

clia quat trong qud trinh 1Am viéc va céc céch khéc phuc cho & bang 3.2.

Bang 3.2

L Nguyén nhan

Cach khic phue

Quat khéng dam bd
C6 khodng hé 16n gifia gudng va 6ng vao
(hodc 1a khéng ¢6 6ng vio)

Guong ciia quat quay theo hudng nguoe lai

o ndng sudl dd dinh

bat 6ng vio cho khoang ho khong 16n hon
0,01 dudmg kinh gudng

Déi pha dong co dien

(xay ra sau khi lip ghép hoic sira chita)
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Bang 3.2 (tiép theo)

Nguyén nhén

Céch khéc phuc

Quat khong tao nén dp ligc cdn thiét

Cic tinh todn tr& Juc cia hé thong khong ding

Chon quat khong ding
Trd luc ciia hé théng cao hon thiet k&

Ong dan khéng kin
Ong din khi bj tic bdn do cic vat la va ric

S6 vong quay cla quat khong du

Kiém tra cc kich thudc cla ong dan va céc
trd luc cha hé thong

Tang s& vdng quay cia quat

Kiém tra xem tiét dien dng din ¢6 bi réc bin
khong. Quy dinh rd s6 lugng va Kiéu cdc
phan cong roi kiém tra cdch dat ching

Xiét bulong mat bich va thay the dém

Lam sach 6ng din. Noi bi tic ban duge xdc
dinh bing ti€ng dong

Tang s6 vong quay clia quat khi truyén dong
dai truyén biing cach bién ddi ti s& truyén.

Quat ring dong manh

Guéng khong can bé’mé
Cac mdi ghép 6 do 1ap khong ding
Pong co gan vdi bé khong vimg

Kiém tra va can bing guong
Kiém tra vicc lap cic m&i ghép & bi
Vin cac buléng bé hodc tang cudng lap ghép

Quat c6 tiéng dgng khi lam viée

Quat c6 hiéu sudt thap

Khong cé cac Ong ndi co gildn (dan hoi)
gifta quat va hé théng éng dan & phia day va
phia hut

Quat dit trén nén kim loai khéng c6 vat hap
thu chan déng

Lép xupdp va van chan y&u

Thay th& quat ¢6 hi¢u sufit khong thap hon 0,5
Dat dng ndi co gian
Thém vao cdc dém dan héi

Lép céc xupdp va van chin thé nio dé khi
lam viéc né khéng c6 chin dong (rung)

Déng co va cde 8 d& cika quat qud néng

Dong co qud tai

& dd ciia dong co bi bin, khong ¢6 ddu trong
6 do

O 4o bi héng

Thay dong cd bing ddng co ¢ cong suat 16n
hom, n€u 6 thé thi déng tdm chén (van chan)
Rira 6 d& va boi dau mdi vao

Kiém tra vh thay cdi bi hong

Dai truyén tdch réi khoi banh dai cua quat hode bi trigt

Truc clia déng co va quat khong song song
Céc bulong bé cla dong co va gid d6 yéu do
d6 1am sai lech vi tri diing cha truyén dong

Kiém tra lai tinh song song va stra

Pat dong co, kéo cdc bulong bé & gid dd va
dong co

Chuyén dich dong co trén gid thép, thay hodc
khéu lai dai truyén
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3.1.10.2. Khoi dong va ding quat

1. Khi khéi dong va van hanh quat cin tuan theo céc quy tic sau day: trude khi khoi
dong cdn kiém tra xem cdc mdi ndi di ding chua, kiém tra do bén cua méi lap gudng va
ddu trong binh dau.

Sau khi lap ghép va sira chia phai 14y hét céc dung cu, cdc chi ti€t con lai va cdc vat
liéu thira.

2. Péng cdu dao dé xdc dinh huéng quay cita gudng c6 ding khong (bang cdch ngt
ciu dao dé quat quay cham lai nhin cho r5). Néu huéng quay diing thi déng cau dao lai.

3. Muén dimg quat chi ¢dn ngét cdu dao

3.1.10.3. Nguyén tdc va phuong phdp khdc phuc tiéng dong va chdn dong cia quat

Khi quat am viéc ludn Juén cé tiéng dong kém theo. Tiéng dong cha hé thong quat
cin phan biét thanh hai loai: ti€ng dong khi dong luc hoc sinh ra do su tic dung cla céc
bo phan clia quat lén khong khi tiép xidc véi né, con ti€ng dong co hoc sinh ra do chan
dong cla dong co lam viée va quat (tiéng dong cha 6 d3 va truyén dong dai truyen).

Pé giam tiéng dong khi dong luc hoc thi céc céinh gudng quat huéng truc cé van to¢
vong 1én hon 30 m/s khong duge lam qua mong.

O quat ly tam 4p sudt cao va trung binh ¢6 cdnh cong vé phia sau thi tiéng dong it
hon nhiéu so véi quat cé cinh cong vé phia trude. Tigng dong khi dong hoc ciing nay
sinh & trong vo quat do su tao thanh xody & clra vao va cifa ra.

C6 tiéng dong khi quat lam viéc phan 16n 1a do 1dp ghép khong diing. Vi vay, khi dat
quat cdn can bing guéng cdn than va vin chit vdo mdi ghép. D€ giam ti€ng dong can
diing & d& trugt, lam cdc nén dan hdi, cdc tdm dém va dat cac chat hap thy dm.

Ngoai ra, dé gidm tiéng dong cla quat sinh ra khi 4p luc cao hon 15 mm 6t nude
can thuc hién nhitng bién phap sau:

1. Thay thé vo sit bang vo bétong cot sat.

2. Cich biét bé quat khdi cic phan cua nha cira.

3. N6i 6ng din véi quat qua céc dng ndi bang vai b kin.

4. Pat quat trong cac bao bing g6 ¢ nhéi da, phét, rom hoac bong.

5. Néu c6 thé thi dit quat 4p sudt thdp c6 canh cong phia sau.

6. Néu khong ¢6 ong hit thi dit éng gép cé dang hinh thoi nhon hodc 6ng hinh con.

7. D3i v6i quat ly tam c6 truyén dong dai truyén thi thay thé 6 lan bing 6 truot va
thay th€ dai thing bing dai hinh thang.

8. Thanh bén cha vO nén gin thém cdc sat géc.

9. Dam bao sy lam viéc cha quat véi hiéu sudt khong thap hon 0,9 hi¢u suat cyc dai.

10. Roto cha quat phii can bing finh va dong sao cho bién do chan dong nhé hon
Imm. Su can bing cla gudng din t6i giam ti€ng dong khi quat lam viéc, tang do bén,
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gii¥ tinh ciing vimg cta 6 dd. Khéi lugng ciia gudng cdn phai phan b6 sao cho trong tam
ciia né trung v4i tam quay va d6i xing trén mat phang quay. Can bang finh nhd céc thiét
bi rieng. Dong thoi khi gudng dong 1a han hoac ghép dinh thi ta han thém hoac ghép
thém vio cac d6i tuong dé ddm bao can bang. Khi gudng dic ta mai bét khéi luong du.

Can bang tinh thuc hién nhyu sau: quay guéng va dé né chay. Khi gudng dimg lai ta
ddnh dau phan thdp nhit réi xoay nhe cho guéng rdi khoi vi tri can bang. Néu guéng
dimg lai & diém bat ky thi gudng di can bing, cdn néu phan thap nhit vén 1a phén cii thi
trong tam da léch vé phan thap nhdt. Dyua vio d6 ta thém khdi luong vao phén trén
hodc mai bdt phdn dudi cho t6i khi can bang. Lugng ldy di hoac thém vao phai lam
sao nho nhat.

Réto cha quat nhiéu gudng c¢6 thé can bing tinh, trong khi d6 cic gudng cta né cé
thé khong can bing tinh. Céc roto ndy goi 1 réto khong can bang dong.

Chan dong va su rung ddng cia ciac quat ly tdm (quat, bom ly tam) 12 mdt hién
tuong khéng mong mudn va rat nguy hiém (gém ¢6 chin dong khi m& mdy va khi lam
viéc binh thuong). Cic dao dong cé bién do ting dan 1én 13 nguy hiém nhat.

Nguyén nhan gay nén chan dong clia cdc mdy ly tim c6 thé do:

a) Do ho gidta bac 6 d& va ngdng truc khong ding. Do ho trung binh 1a 2% dudng
kinh ngdng truc. Chan dong cling ¢d thé gay nén khi boi tron 6 dd bing ddu nhét hon
yéu cau;

b) Tam cia roto cha may va dong co khong dong truc;

¢) Dat khong chinh xdc t4m dém duéi khung nén cla mady, cia hdp giam téc hoac
déng co;

d) Céc bo phan bit kin clta réto may cham vdi nap cac vong gilr ddu clia & bi.

Miic do chan dong clia mdy lién hgp cdn kiém tra: sau khi lap ghép, trudc va sau Khi
kiém tra (nhung khong it hon mot 14n trong mot nam) va khi ting chan déng cuc bo.

Can thiét tién hanh quan sdt ¢é hé thoéng su chan dong, riéng doi vdi quat khéi 16
bién d¢ chan dong khong duge cao qua 0,1 mm.

3.2. QUAT HUONG TRUC

3.2.1. Cau tao

Quat hudng tuc c6 ciu tao don gian nhat, gdm hai phan co ban (hinh 3.6a):

1. Gudng I ¢6 cac canh dat nghiéng (s6 cdnh trong khoang 2-12). Guéng géom bac
c6 dudng kinh tuong déi 16n ¢6 gan cic canh. Hinh dang hién dai nhat cia gudng la
dang khong d6i xiing gidng canh quat mdy bay. Khi cé hinh dang d6i ximg quat khong
thé 1am viéc véi hudng quay bat ky, muén bi€n déi huéng chuyén dong ciia dong khi chi
cén bién déi hudng quay. Néu dang khong déi xing thi cdc canh dat d€ phia cong clia
cénh huéng theo chiu quay clta dong ca.
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Cinh c6 thé dap bing thép
tam va khi kich thudc 16n c6
thé 1am réng.

Bac ¢6 thé dic hoac han.
Cic cdnh han vao bac hoic

ghép vao nhd cic truc nhd. &
trudng hop sau khi diéu chinh
c6 thé bién déi géc ngodt cua
cénh déi v6i mit phang quay.

H, .. cbt nuéc

S6 canh giam khi nang
cao ap sudt truc.

[
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2. Vo 2: khi gudng quay,
khoéng khi vao cia hit 3, di
qua gilta cdc canh theo
phuong chiéu truc roi di ra clia

7. Pa s6 trudng hgp gudng 0 -
bj

2
06707 08

02 4 6

mac truc tiép kn truc cha
dong co 6, con dong co duge
boc kin bing vo boc 4 va dat
bén trong quat.

Hinh 3.6

Khoang hd gilta v6 va cdc ddu canh cdn phai nhd nhat va ddm bio duoc kha ning
quay cua gudng trong vo. Khoang h& nay khong nén qud 1,5% chiéu dai canh. Vi khi
khoang h& 16n thi chat lugng dong hoc cua quat hudng truc bi kém di (giam dp luc tinh
va giam n).

3.2.2. Pac diém cha quat huéng truc

Quat huéng truc thudc vé loai quat ddy chay nhanh (n,> 1000 vg/ph) va duge imng
dung d€ truyén mot thé tich khi tuang déi 16m khi dp sudt nhd so véi quat ly tam. Thi du
dé€ thong gid cdc ngodi nha, cdc ham va cac dudng ham (10 tuy nen) v.v. ..

G quat huéng truc luéng khéng khi chuyén dong song song véi truc vi vay vin téc
vong thyc t€ khong bién déi, nghia 1a d6i v6i moi ludng nhd u, =u, (u, —van 16c vong
cua guong & clta vao; u, —van t6c vong cla gudng & cla ra). Nhu vay Ia luc ly tam
khong tham gia vao sy lam viéc cta quat. Chinh vi vay, loai quat ndy chi cho dp luc nhd
hon quat ly tam.

Cong suat can thiét cho quat hudng truc tinh theo cong thiic (3-9) va hiu nhu khong
phu thudc vao nang sudt. Vi vay khong cin thiét dat dong ¢o ¢6 cong suit du trif (hé so
dutritk = 1,05+ 1,2).
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Dé bién dong nang thanh tinh nang & vd quat thudng ¢6 mot doan hinh con mo
rong. Doi khi & trong cac quat I6n dé udn thing cic dong xoén nghia 1 d€ bién d6i 4p
sudt dong thanh 4p sudt tinh ngudi ta dung thi€t bi ndn dat sau quat.

Thiét bi nan gém céc canh bat dong dat trong vo (cdnh phing hoac dinh hinh) d€ tao
ra cédc rinh doc.

Quat hudng truc c6 hiéu suat 16n.

Poi khi dé 1ang tiét dién ¢6 ich cla vo, gidm tré luc chuyén dong ciia dong khi,
dong co duge dit & ngoai.

3.2.3. Pac tuyén cua quat hudng truc

Dic tuyén va mot s6 quan he dic biét ctia quat hudng truc duge bicu dién & do thi
(hinh 3.6b).

( quat huéng truc quan hé giifa s6 vong quay, duong kinh va nang suat duge biéu

thi bang cong thic:
D =51, ’—Q ,m
n

Q - nang sudt clia quat, m'/s;

trong do:

n - sG vong quay cua quat, vg/ph.
Quan hé giita van t6c vong va 4p luc thé hién bing cong thiic:
u=2, 8(p\/ﬁ, m/s
trong dé:
H - chiéu cao dp luc, mm cét murde;

@ - hé s6, phu thude vao dang cdnh. Vi cinh phing ¢ = 2,8 + 3.5 véi cdnh
cong ¢p=2,2+29
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Phu luc
G PHAN PHU LUC NAY BE CAP PEN MOT SO LOAI BOM,

Phu luc 1

QUAT VA MAY NEN THONG DUNG NHAT

PAC TINH CUA BOM PITTONG TRUC TIEP
(TRUYEN PONG MAY BOM)

‘ Nang suit Ap ‘Sufﬂ Ap s.ua’t o ]
S6 hiéu bom day, hai, Chat 16ng duge chuyén
s Mpa Mpa
[1Ar-2/20 0,14 + 0,69 20 0,9
I1Ar-6/4 0,28+~ 1,74 0.4 0.9 Nudc, cdc san phdm diau mo
[I-6/20 0,28 +1,74 2.0 0.9
[TT-40/30 4,17+ 11,1 3,0 0.8
[AT-60/20 4,17 + 16,7 2,5 0.8
[1OB-125/30 13,9+ 34,7 32 0,7 C4c san pham nang ciia ddu mo
I1B-10/20 0,56+ 2,78 2,0 0,9
ITAB-10/30 0,56 + 2,78 32 2,0
[TZB-10/50 0,56 + 2,78 50 3.2
[TAB-16/20 1,11 + 4,44 2,0 0.9
[IB-16/30 1,11 + 4,44 3.2 2,0
[TB-16/50 1,11 + 4,44 5,0 3,2
[TB-25/4 2,78 + 6,94 04 09 Nudc, cdc san phdm ddu md
T1/1B-25/20 2,78 + 6,94 2,0 0,9
ITB-25/30 2,78+ 6,94 3.0 2,0
[T/1B-25/50 2,78 + 6,94 50 32
I1B-25/40 2,78 + 6,94 4,5 0,8 C4c san phim ning cla ddu mo,
FTHIT-10/40 0,56 + 2,78 4,0 0,9 | khihod long
ITHIT-125/8 12,5+ 347 0.8 0.9
TTHII-160/16 8,33 + 444 1.6 1,0 Nudc, cic san pham ning cla
TTHIT-250/10 20,8 + 69,4 1,0 09 |daumo
XITHII-14/2M 1,38 + 3,89 0.2 0.4
XITHTI-25/4M 2,78+ 6,94 04 0,4 Benzen, nhua, than d4, cacbon
XITHII-55/4M | 6,94 + 15,3 0.4 04 |{CSysunfuavv...

Ghi chi: T hom hoi hai xylanh ndm ngang; TTAB- bom hoi hai xylanh thing diing;
TTHIT bom hoi tGe dung tre tiép; XTTHTT bom hot tée dung e tiép diing cho ede sdn phdm hod hoc.
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Phu luc 2

PAC TINH KY THUAT CUA BOM CACH MANG

S6 hiéu bom Nang suat Ap suit Chat 1ong dugc chuyén
nt'th MPu
DCB-13 2.4 +13.2 Phai d6 vao K&t 1ha ban quanh
pec 2,8;10;20 Nhu trén Céc hén hop dang long & nhiét
d6 cao hon 60°C
[TM-0,8/16 0.8 1,6 Nudc
2 TIM-8/15 8 1,5 Huyén phu ddt sét & nhiét do
1én hon 50°C '
DMP-10/4 8+16 0.4 Clorua long khi nhiét do tu
-5°C dén 60°C
| BM-140/140 8150 0,25 |

Ghi chit: (*) - loai nay gém c6 2DBCXI; 2DBBX2; 4DBCX1,; 4DBCX2.

Phu luc 3

DAC TINH CUA BOM PITTONG (TRUYEN DONG DONG CO)

-y Nang suit AP ?ug{ 56 vong SL(l;.E:t)I:)gﬁn L .
S6 hiéu bom day, quay, v Chat 1dng dugc chuyén
ifs MPua velph thiét,
‘ kW
| 2 3 4 | 5 6
Céc bom 6 luw fugng khong dién cinnh duge
T-3/100M 0.83 12,0 460 19 Nuéc dén 100°C
T-1/200 0,22 20,0 290 7 Nudc dén 35°C
T-30/15 5,56; 6,94 1,5 128, 16G 20 Nhua than da
8,43 200
T-10/140 2,78 14,0 260 75 Nuée ngung dén 105°C
TI-8/20 1,4;2,08 2,0 220, 330 8,5 Nhya than da
XT-4/25 1,11 2,5 200 7 Chat 16ng dé so6i
XT-4/20M 1,11 2,0 200 2,8 Cacbua hydro duge hod Yong
XT-1,6/63 0.44 6.3 200 4,5 Rirou metylic sach
XT-8/52A 2,22 52 205 20 Axit nitoric loang
SHII-4 7,78/6,94 0,3 111 5 Maiu s&: san phim ning
OHII-4/1 6,94/6,66 0,3 101 clia ddu mo
DHIT-4/IM | 2,78/2.61 03 41 6 | Tirss:nudc bién, nudely |
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Phu luc 3 (tiép theo)
1 | 2 [ 3 ] 4 | 5 | 6

Cdc bom ¢6 huu lugng diéu chinh

XTP (11 loai| 0,21 +8,33 [ 2,0+ 33,0 | 182+300 | 4,5+ 15 |Chdt long 4n mOn

kich thudc)

[1P-5/6 0+1,39 0,6 200 2.8 Sita voi, dich dat sét

XTIIp-5/20 0+ 1,39 2,0 200 4,5 Huyén phit keo cia niken
sunfit dam dac

PKK-1,5/25 0+042 2.5 100 2,8 |Cac hén hop di thé trong
duge phdm

PKC-1,5/25 0+042 2.5 100 28 Axit sunfuaric ¢6 chita butylen

PKX- 1,525 | 0+042 2,5 100 2.8 Benzen, huyén phii nhom
clorua, axit clohydric

P-25/25 2,78 + 6,94 2,5 150 32 Nudc, san phadm ddu mo, cdc
chat hoa hoc

Ghi chii: T - ba xylanh; TT - ba xylanh ndm ngang; XI' - ba xylanh chuyén hod chdt; SHIT
- bom pitténg truyén dong dién; XT'P - hom pitténg diéu chinh luu liwong ba xylanh bén hod hoc;
IIP - bom truyén dong, diéu chinh; XIIp - bom pitténg diéu chinh bén hod hoc; PKK - bom axit
diéu chinh dwoc; PKC - bom uxit diéu chinh ditoc {(d61 véi axit clohydric va sunfuaric).

Phu luc 4
DAC TINH CUA BOM PITTONG DINH LUJNG

N Nang suit | Ap sus S6 vong Cﬁing sudt Chat long )
6 hiéu bom i . quay, dong co, duoc van chuyen
wih day, MPu velph W [‘ . :
inh chat nhiét do
HZ110/100 | 0010 10,0 100 027 Chit long | Dén 200°C
) in mon va
trung tinh
H116/63 0,016 6.3 " 0,27 Nhu trén "
HO25/250 | 0,025 25,0 " 1,1 ) "
HI140/25 0,040 2,5 " 027 ) "
H/I63/100 | 0,063 10,0 " 1,1 " .
HZ1100/10 0,10 1,0 " 0,27 " "
H1160/25 0,16 2.5 " 0.6 ) "
HIT400/16 0,40 1,6 " 1.1 ) "
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Phu luc 5

DAC TINH CUA BOM XOAY LOC VA BOM LY TAM XOAY LOC

Chiéu Cong Chidu Cong
Nang | Ap (1:1‘:1? sudt Nang | Ap ;T,f: sudt
S6 hiéu bom SU?L SUAL, cho can S6 hiéu bom | suat, | sudt, cho can
m'th | kPa phép, t:“;/h m'ih | kPa phép, ﬂ;wu:.
kPa kPa
BC-0,5/18 18 | 180 | 60 | 035 |BKO-4/24 144 | 240 | 40 | 70
B-2,5/40 90 | 400 | 50 | 40 |BK-5/24 180 | 240 | 35 | 83
BC-2,5/40 BKC-5/24
B-4/35 144 | 350 | 40 | 51 |BKO-5/24
BC-4/35 11B-4/155 124 | 1550 | 75 | 265
B-6,3/30 227 1300 30 | 85 |LIBC-4/155
BC-6,3/30 11B-4/110 144 | 1100 75 | 205
BK-1/16 36 | 160 | 60 | 12 |HBCH1I0
BKC-1/16 HB-6,3/140 | 227 | 1100 | 65 | 355
BKO-1/16 L(BC-6,3/140
BK-1,25/25 45 [ 250 | S0 | 25 |UBG3IS 4 957 L1150 65 | 310
BKC-1,25/25 LBC-6,3/115
BKO-1,25/25 1B-10/110 36 | 1100 | 55 | 455
BK-2/26 72 {260 | 50 | 46 |HBC-10/110
BKC-2/26 1B-10/80 36 | 800 | 55 | 380
BKO-2/26 LIBC-10/80
BK-4/24 144 | 240 40 | 70
BKC-4/24
Ghi chi:

1. Chiéu cao hiit cho phép ing voi t = 25°C va dp sudt khi quyén bang 101325Pa.

2. Nhiét do chdt Idng vin chuyén lon nhdt cho phép: voi bom xody I6c 85°C, voi bom ly tam

xody léc 105°C.
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Phu luc 6

DAC TINH CUA BOM LY TAM LOAIK
(khi duong kinkh gudng dong lon nhdt)

Nang suit s S6 vong R Hiéu Chiéu cao | Pudng kinh
S6 hiéu £ (_;hlf:u €A1 quay, (;‘Onfw sudt hiit cho gudng
bom i iy | ARG ok suat, bom, % | phép, mm | dong, mm
6 | 16 | 203 0.7 24 66
(ll‘fgllf_@ 11| 30 | 174 | 2900 { 09 | 555 6.7 128
4 | 39 | 14 10 | 530 6.0 (105)
10| 28 | 345 I8 | 506 8.7
ey |20 | ss | s0s | 2000 | 27 ) 640 72 162
30 | 83 | 240 3l | 635 5.7 (132)
11 [ 30 | 210 1.2 56 80
ey | 20 | 55| 185 | 2900 | 13 63 6.8 129
2 | 61 | 175 16 66 6.4 (106)
30 | 83 | 62 94 | 544 | 77
Kasiss | 45 | 125 | 57 | 2000 | 100 | 635 6.7 218
GK-6) | 60 [ 167 | 50 125 | 663 5.6 (192)
70 | 195 | 445 134 | 630 A7
30 | 83 | 348 46 | 620 7.0
Koy | 5 | 125 | 3o | 2000 | 55 1 710 6,0 168
sa | 150 | 270 58 | LS 29 (143)
65 [ 180 | 98 28 | 630 7.1
Kooss | 90 | 25 | 91 | 290 | 33 | 680 6.2 m
@K6) | 115 | 2 | 8l 375 | 685 5.1 (250)
135 | 375 | 725 105 | 660 40
70 | 194 | 59 17.5 | 65,5 5.3
Kooss | 90 | 25 | 549 | 2000 | 195 | 7LO 50 218
(4K-8) | 109 | 304 | 478 209 | 690 40 (200)
120 | 334 | 430 214 | 660 38
65 | 18 | 377 93 | 72,0 6.7
Koo | 90 | 25 | 34 | 2900 | 109 | 780 58 174
120 | 333 | 189 124 | 745 33 (163)
60 | 167 | 257 56 | 760 54
Koo | so |22 228 | 2900 | 63 | 796 5.3 148
9 | 100 | 278 | 189 67 | 770 42 (136)
[10 | 306 | 36,3 176 | 70 6.6
K160/30 | 140 | 388 | 359 | 1450 | 184 | 75 6.3 328
6K-8) | 170 | 472 | 325 206 | 765 5.9 @75)
190 | 528 | 310 2830 | 75 5.4
110 [ 306 | 22,7 950 | 760 85
K020 | 160 | 245 | 200 | 130 | 108 | 81O 7.9 264
200 | 556 | 17.1 1.9 | 790 7.0 (240)
220 | 611 | 32 236 | 800 6.5
K0y | 280 | 778 | 291 | was0 | 270 | 825 5.6 315
340 | 945 | 254 300 | 790 47 (290)
220 | 61 | 207 156 | 805 62
KO0 | 285 | 790 | 189 | 1450 | 174 | 835 5.5 268
360 | 100 | 15,0 183 | 775 50 (250)

Ghi chit: 1. Trong ngodc ciia ot cudi cing la duong kinh tién phd cho phép ctia guong dong

2. Trong ngodc cia cgr dau 1 s6 hiéu theo tidu chudn <ii.
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Phu luc 7

CAC DAC TRUNG K¥ THUAT CHU YEU

CUA BOM LY TAM NHUNG SAU

’7 o Ning sudt Ap sudt, X C?ng S.L,l,ﬁ[ D'ﬁ‘b‘ng kinh
Sé hiéu bom R 5 S6 cp can thi€t, | ddu nhing,

m'ingdy dém MN/m W mm
BILIH-5-40-700 40 7,65 207 10,1 92
BILIH-5-40-950 40 9,32 226 12,0 92
BLIH-5-40-1400 40 14,91 412 19,0 92
O1IH-5-80-800 80 7,65 206 16,4 92
S11H-5-80-1300 80 13,24 351 28,0 92
DIIH-5-130-600 130 5,57 167 18,9 92
311H-5-130-1200 130 10.13 284 32,0 92
DLIH-5-200-650 200 5,71 186 32,5 92
SIIH-5-200-800 200 8,34 227 40,0 92
BLIH-6-100-900 100 8,43 171 18,5 114
B1IH-6-100-1500 100 14,22 212 322 114
DLIH-6-160-750 160 7,65 121 27,0 114
BUH-6-160-1000 160 10,69 171 382 114
SLH-6-160-1450 160 14,86 238 51,9 114
BIIH-6-250-800 250 8,58 151 43,0 114
BIIH-6-250-1050 250 12,06 212 61,0 114
OIIH-6-250-1400 250 14,71 260 74,6 114
BI1H-6-350-650 350 6,37 116 48,3 114
SLH-6-350-850 350 9,02 163 66,0 114
BLIH-6-500-450 500 422 100 51,0 114
BIIH-6-500-750 500 7,16 172 86,5 114
DLIH-6-700-300 700 2,94 31 45,0 114
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Phu luc 8
DAC TINH CUA BOM LY TAM VAN CHUYEN DAU MO

N it Chiéu cao &p Dy trit xam thuc

[oai kich thude S8 cap a??% ;S:d ’ lyc, m cho phép Ah,,

cot chdt long m 6t chat long
HK65/35-40 \ 63 40 3,5
HM65/35-40 35 10 38
HK65/35-70 1 65 70 3.5
HM65/35-70 EY T 238
HK65/35-125 1 65 125 3,5
HM65/35-125 35 125 238
HK65/35-240 2 65 240 3,5
35 2,8
HTC65/35-500 8 65 500 3,5
HITC65/35-500 35 500 58
HTC120/65-750 8 120 750 4.4
HIIC120/65-750 65 750 35
HTC200-700 bt 200 700 5.4

HI1C200-700

HK200/120-40 1 200 40 5.4
HIM2007120-40 150 0 4.4
HK?200/120-70 | 200 70 5.4
HM200/120-70 120 70 4.4
1HK200/120-120 1 200 120 5,4
HM200/120-120 120 120 44
HK200/120-210 2 200 210 5.4
120 210 4,4
HT200/120-370 4 200 370 5.4
HIT200/120-370 120 370 4.4
HK560/335-70 1 560 70 6,1
335 70 4,9
HK3560/335-120 1 560 120 6.1
335 120 4,9
HK560/335-180 1 560 180 6,1
335 180 4,9
HT560/335-300 2 560 300 6,1
HIT560/335-300 335 300 9
HT560/335-500 3 560 500 6,1
HIT560/335-500 | 335 500 4.9

_

Ghi chi: Thong s6 6 tir 56 diing cho kich thude 1, & mdu 6 ding cho kich thuoc 2 cia

gudny djng.
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Phu luc 10

DAC TINH CUA MAY NEN TRUC VIT

S6 hicu Chit duoe nén Nan% suat, Ap suit, Mpa COng:;ua‘it
m'iph diy Hiit cén thiét, kW
BK Khong khi 63 0,35 0,1 200
BK COo, 92 0,49 0,097 400
BK-7 CO, 217 0,47 0,093 860
BK-8 CO, 434 0,47 0,093 1720
BK-9 Clo 532 0,32 0,095 200
12BK Khong khi 100 0,25 0,10 300
13BK " 30 1,2 0,10 280
14BK " 10 0.8 0,10 70
14BK " 10 0,8 0,10 75
15BK Hén hop khi ddu méd 6,3 1,1 0,10 130
16BK Khi thong gi6 100 0,21 0,088 200
SBKM-16/8M | Khong khi 16 0.8 0,10 125
6BKM-25/8 " 25 0,9 0,10 200
7BK-25/5 " 27 0,5 0,10 160
8B-150/4 Khi 1o voi 150 0,4 0,093 700
BK-4/5-13 Khi ddu mé thai 4,1 1.3 0.5 90
2BK-4/5-13 " 20 1.3 0,5
4B-29/5-10 Nito 145 10 0,5 260
3V1®-55B Khong khi 5 0,7 0,1 |
Phu luc 11

DAC TINH CUA MAY NEN PITTONG NAM NGANG pOI XUNG

I . . Nang sudt, | Apsuat 58 von Cong sudl
S6 hicu Chat duge nén m%’ph day, Mpa | quay, '.-'j"s cin thgié't, kW
2M10-100/2,2 Khong khi 100 0,22 8,33 280
4M10-100/8 Khong khi 100 0.8 8,33 540
AM10-40/70 Khong khi 433 0,7 3,33 480
4M16-125/200 Khong khi 121 19,6 6,25 1570
2M10-20/320 Khi téng hap 20 314 8,33 300
4AM10-64/22 Ftylen 64 2.2 8.33 640
4M10-78/60 Hydro 78 59 10,0 810
4M16-100/200 Khi cacbonic 98 19,6 6,25 1210
4M25-117/200 Nito 135 19,6 50 2150
6M40-320/320 Hén hop N+ H, 310 314 5,0 4440
2M16M-20/42-60 1 Khi tudn hoan 21,2 5.0 6,25 650
4M16-45/35-55 Nhar trén 44 5,5 6,25 1610
4M16-56/15-30 ) 61,9 30 6,25 1480
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Phu luc 12
DAC TINH CUA MAY NEN LY TAM

_ ) . . v . Cong suit
56 hiéu Chit duge nén Nan%z suat, ‘A}p suat S0 vong cin thiét,
ntiph day, Mpa| quay, vgls W
K605-181-1 (ac khi do nhiét phan 610 4 120/236 7000
etan
K400-51-2 Khi hydré cacbua 410 0,5 93 1500
K380-130-1 Khi ddu mo 345 3,9 1357291 5300
K905-61-1 Khéng khi 915 0,75 a5 4500
31700-11-2M Khi téng hop 1670 0,03 50 1050
1050-13-1 " 1080 0,028 49.5 570
700-13-1 " 700 0,027 49,5 375
400-12-2 " 415 0,018 49,5 170
50-21-1 Khong khi 50 0,012 49,5 15
HIK-135/8 Khéng khi, nitg 135 0,68 227 1000
KTK-7/15 Oxy 117 1,3 227 1250
KTK-12,5/35 " 208 34 230 3200
431KK-250/15 " 250 1,4 187 2500
2211KO-42/8-38 Khi thién nhién 42 3,7 280 2000
21K-10/300-12/10 | Hén hop nito va hydro 10,65 31,9 49,5 750
1IK-115/9 Khong khi, nitg 148 0,7 230 1000
XTK-2,5/3.5 Clo kho 41,66 0,25 187 320
431TKO-160/15 Khi hydrd cacbua 160 1,4 167 2000
Phu luc 13
DAC TINH CUA KY THUAT MAY NEN GOC CHU'L HAI CAP
. . Nang suat Ap suit S6 vong C,é ne
S6 hiéu Chat duge nén nlph ’ ddy, Mpa | quay, ves sudt yéu
’ ’ ciu, kW
202BIT-10/8 Khong khi 10 0,8 12,2 60
402 BI1-4/220 " 4 22 12,2 70
302I'TI-6/18 Hydro 6 1,8 12,2 50
402 T'TI-4/400 " 4 40 12,2 70
3TTII-13/9 Vinyclorua 13 0,9 8,33 70
13 TTI-3/2-49 Hén hop khi (nito, 3 49 8,33 70
clométyl, metan,
métylenclorua)
13 T'TI-20/9 Etylen khé va cic 20 0,9 8,33 120
khi dn moén
305T°11-30/8 Hydro 30 0.8 8,33 150
7 TT1-11/3-50 Hydrd ¢6 tap chit 5 5,0 6,25 280
cdchuahydrd
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DAC TINH CUA BOM CHAN KHONG VONG NUGC

Phu luc 14

S6 hieu Chiit duoe hit L““ﬂ:_:;f“g’ k?loo rf:‘;} Cﬁ“f;“at’
PMK-1 Khong khi, hoi va khi tro 0,025 90 45
PMK-2 Khong khi, hoi va khi tro 0,06 90 10
PMK-3 " 0,19 96 28
PMK-4 " 0,45 96 75
BBH-1.5 " 0,025 90 4
BBH-3 " 0,05 90 7.5
BBH-6 " 0.1 90 17
KBH-4 Khong khi 0,33 20 17
KBH-8 " 0,66 20 2.8
Phu luc 15
DAC TINH CUA QUAT "SIROKKO”
clia quat oto, mm| T 1d&n | 25 | 30 | 40 | 50 | 60 | 70 | 80 | 100 | 125 | uir dén
2,5 250 12 | 40 11105|1200]1383[1546]1692|1806|1932|2220|2492 0,36 [ 0,38
3 300 22 | 50 | 924 | 996 | 1152[1290|1416[1503|1611|1848|2000 0,37 1041
4 400 40 [ 110 | 692 | 747 | 846 [1014|1014|1096| 11251208 1386| 0,41 0,45
5 500 60 | 1701554 | 598 | 692 | 774 | 844 | 902 | 967 |1105]1242| 0,45 0,49
6 635 05 | 270 | 436 | 471 | 544 | 609 | 665 | 710 | 761 | 875 | 977 0,49 10,53
7.5 750 127 | 370 | 369 | 399 | 461 | 515 | 563 | 601 | 644 | 739 | 827 | 0,51 0,58
9 Q00 170 1 540 | 308 | 332 | 380 | 430 | 470 | 501 | 537 | 611 | 690 0,33 10,55
10 1000 | 220 | 660|277 1299 | 345 | 386 | 420 | 450 | 483 | 534 612 | 0,54 | 0,59
11,5 1150 | 280 1 875 | 240 | 260 | 306 | 336 | 367 | 391 [ 420 | 481 | 450 0,56 | 0,61
12,5 1250 | 330 {1050 212 | 239 | 276 | 309 | 338 | 366 | 386 | 444 497 10,57 | 0,62
14 1400 | 420 (1300 196 | 214 | 247 | 276 | 302 | 322 | 345 | 396 444 | 0,58 | 0,63
15 1500 | 485 {15001 185 1 190 | 230 | 258 | 281 | 301 | 322 | 370 | 408 0,59 | 0,66
16 1600 | 550 |1700} 173 | 187 | 226 | 241 | 264 | 282 [ 302 | 348 388 1 0,63 10,67
17 1700 | 650 |2050! 158 | 171 | 196 | 221 { 241 | 256 | 276 | 317 | 355 0,64 | 0,68
19 1900 | 775 |2400| 146 | 157 | 181 | 204 | 223 | 238 | 254 | 298 327 | 0,65 |0,69
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Phu luc 16
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BOM, MAY NEN, QUAT
TRONG CONG NGHE

Chiu trach nhiém xudt bdn:

BUI HOU HANH
Bién tap: TRINH KIM NGAN
Ché bdn dién tir: LE THI HUONG
Situ bdnin: TRINH KIM NGAN
NGUYEN QUOC HUNG
Trink bay bia: vU BINH MINH

in 1000 cudn kbé 19 x 27cm, tai Xuéng in Nha xudt ban Xay dyng. Gidy chap nhan dang ky
ké& hoach xuit ban s6 197/XB-QLXB-29 ngay 21 J02/2005. Tn xong nop hru chiéu thing 6/2005.
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