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Bai giang "Pi€ukhién khi nén '
N

CHUONG 1: CO SG LY THUYET VI KHIi NEN.

1.1. SU PHAT TRIEN CUA KY THUAT KHi NEN

Ung dung khi nén da c6 tir thdi truéc Cong Nguyén, tuy nhién sy phat trién cia
khoa hoc k¥ thuat thdi d6 khong dong bd, nhi't 1a sy k&t hop céc kién thitc vé co hoc,
vatly, vat liéu ... con thi€u, cho nén pham vi ttng dung clia khi nén con rit han ch€.

Mai dén th€ ky thit 19, cdc mdy mdc thi€t bi st dung ning lugng khi nén lan
lugt dugc phat minh. Vi sy phat trién manh mé cla ning lugng dién, vai tro si dung
ning lugng bing khi nén bi gidm din. Tuy nhién, viéc st dung ning ludng biing khi
nén vin déng mot vai trd cot y&éu & nhitng linh vyc ma khi sit dung dién sé& khong an
toan. Khi nén dudc st dung & nhitng dung cu nhd nhung truyén dong véi van tdc 16n
nhu: bda hdi, dung cu dép, tdn dinh... nhat 13 cdc dung cu, do gi kep chit trong cic
may.

Sau chi€n tranh th€ gidi thi hai, viéc tng dung ning lugng bing khi nén trong
k¥ thuat diéu khién phat tri€én kha manh mé&. Nhitng dung cu, thi€t bi, phan ti khi nén
mdi dudc sdng ché€ va ng dung vao nhiéu linh vuc khic nhau. Sy k&t hgp khi nén véi
dién - dién tr s& quyé&t dinh cho sy phat trién clia k§ thuat di€u khié€n trong tuong lai.

1.2 KHA NANG UNG DUNG CUA KHI NEN
1.2.1. Trong linh vyc diéu khién

Nhitng nim 50 va 60 ctia thé€ ky 20 1a giai doan ky thuit tw dong héa qué trinh
sdn xuat phdt trién manh mé. K§ thuat diéu khién biing khi nén dugc phat trién rong
rdi vd da dang trong nhi€u linh vuc khéc nhau. Chi riéng & Cong Hoa Lién Bang Pic
dd c6 60 hing chuyén sin xuit cdc phin tf di€u khién bing khi nén.

Hé thong diéu khién bing khi nén dugc si dung & nhitng linh vuic ma & d6 hay
x4y ra nhitng vu nd nguy hiém nhu cic thi€t bi phun son, cic loai dd g4 kep cic chi
ti€t nhua, chat déo hoic cdc linh vuc sdn xuit thiét bi dién t, vi diéu kién vé sinh moi
trudng rat tot va an todn cao. Ngoai ra, hé thong diéu khién bing khi nén con dugc st
dung trong cdc ddy chuyén rira tu dong, trong cac thi€t bi van chuyén va ki€m tra cla
thi€t bi 10 hoi, thi€t bi ma dién, déng géi, bao bi va trong cdng nghiép héa chat.

1.2.2. Trong cac hé thdng truyén dong

- Cdc dung cu, thiét bi mdy va ddp:
Céc thi€t bi, mdy mdc trong linh vuc khai thac nhu: khai thac dd, khai thac than, trong
céc cong trinh xAy dung nhu: xdy dung hAm mé, dudng ham.

- Truyén dong quay:

Truyén dong dong co quay vdi cong suat 16n bing ning lugng khi nén gid thanh
rat cao. N€u so sdnh gid thanh tiéu thu dién ciia mot dong co quay bing ning ludgng
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khi nén vd mot dong cd dién c6 cling cdng suat, thi gid thanh tiéu thu dién clia mot
dong cd quay bing ning luong khi nén cao hon 10 dén 15 1an so vdi dong cd dién.
Nhung ngudc lai thé tich va trong lugng nhé hon 30% so véi dong co dién c6 cling
cong suat.

Nhitng dung cu vin vit, mdy khoan, cong sudt khodng 3,5 kW, mdy mai, cong
suit khodng 2,5 kW ciing nhu nhitng mdy mai v6i cong sudt nhd, nhung véi sd vong
quay cao khodng 100.000 v/ph thi kh3 ning st dung dong cd truyén dong bing khi nén
la phu hgp.

- Truyén dong thdng:

Van dung truyén dong bing dp sudt khi nén cho truyén dong thing trong cic
dung cu, dd g4 kep chi tiét, trong cdc thi€t bi d6ng gbi, trong cdc loai may gia cdng
g0, trong cdc thi€t bi 1am lanh ciing nhu trong hé th6ng phanh ham ctia 6t6.

- Trong cdc hé thong do va kiém tra:

1.3. NHUNG PAC TRUNG CUA KHIi NEN

- Vé 56 lugng: c6 sin & khip moi noi nén c6 thé st dung véi sd lugng vo han.

- Vé van chuyén: khi nén c6 th€ van chuyén dé dang trong cic dudng ong, véi
mdt khodng cdch nhi't dinh. Cdc dudng 6ng dan vé khong can thi€t vi khi nén sau khi
st dung sé& dudgc cho thodt ra ngoai moi trudng sau khi da thuc hién xong cong tac.

- Vé luu trit: may nén khi khong nhat thi€t phdi hoat dong lién tuc. Khi nén c6
thé dugc luu trit trong cdc binh chita d€ cung cAp khi can thiét.

- Vé nhiét dé: khi nén it thay ddi theo nhiét do.

- Vé phong chéng chdy nd: khong mdt nguy co nao gay chdy bdi khi nén, nén
khong mat chi phi cho viéc phong chdng chdy. Khong khi nén thudng hoat dong vdi
4p sudt khodng 6 bar nén viéc phong nd khong qué phifc tap.

- Vé Tinh vé sinh: khi nén dugc st dung trong cdc thi€t bi déu dugc loc cédc bui
bin, tap chi't hay nu6c nén thudng sach, khong modt nguy co ndo vé mit vé sinh. Tinh
chit nay rit quan trong trong cic nganh cong nghiép dic biét nhu: thuc pham, vai soi,
lam san va thudc da.

- Vé cdu tao thiét bi: don gidn nén ré hon cdc thiét bi ty dong khéc.

- Vé vdn téc: khi nén 12 mot dong chdy c6 luu toc 16n cho phép dat dugce toc do
cao (van tdc lam viéc trong cdc xy - lanh thudng tr 1 - 2 m/s).

- Vé tinh diéu chinh: van toc va 4p luc clia nhitng thi€t bi cong tdc bing khi nén
dudc diéu chinh mot cdch vo cap.

- Vé su qud tdi: cdc cong cu va cdc thi€t bi duge khi nén ddm nhan tdi trong cho
dén khi ching dirng hoan toan cho nén s&€ khong x4y ra qua tai.

1.4. UU NHUGC PIEM CUA HE THONG TRUYEN PONG BANG KHi NEN
1.4.1. Uu di€m:
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- Do kha ning chiu nén (dan hdi) 16n ctia khong khi, cho nén cé thé trich chita
d& dang. Nhu vay, c6 kha ning tng dung d€ thanh 1ap mot tram trich chda khi nén.

- C6 kha ning truyén ning lugng xa, bdi vi dd nhét dong hoc clia khi nén nhd
va ton thi't 4p sudt trén dudng 6ng nhd.

- Pudng din khi nén thdi ra khong can thiét.

- Chi phi thap d€ thi€t 14p mot hé thong truyén dong bing khi nén, bdi vi phan
16n trong cdc xi nghiép hé thong dudng din khi nén da c6 sin.

- Hé thong phong ngira 4p suat gidi han dudc bdo ddm.

1.4.2. Nhugc di€m:

- Luc truyén tdi thap.

- Khi ti trong trong hé thdng thay ddi thi van toc ciing thay ddi. Bdi vi kha
niang dan hdi ctia khi nén 16n, cho nén khong thé thuc hién dugc nhitng chuyén dong
thing hoic quay déu.

- Dong khi nén thodt ra & dudng din gy ra ti€ng on.

Hién nay, trong linh vuc diéu khi€n, ngudi ta thudng k&t hop hé thdng diéu
khién bing khi nén vdi dién hoidc dién tir. Cho nén rat khé xdc dinh mot cich chinh
xdc, ré rang wu nhugc di€m cida tirng hé thong diéu khién.

Tuy nhién, c6 thé so sanh mot sd khia canh, dic tinh cda truyén dong bing khi
nén ddi vdi truyén dong biing co, bing dién.

Bdng 1.1. Pham vi ting dung clia cdc hé thong diéu khién

ST Trudng hgp tng dung K| bK|bC b |C|TL
T
1 | Truyén dong quay véi cong sudt > 2kW u 6 3 6 |6 ®
1.1 | Truyén dong quay véi cdng sudt < 2 kW ® 6 3 6 |6 ®
1.2 | S6 vong quay > 10.000 v/ph 3 6 ® [6]6]| 6
2 | Truyén dong thing, quing dudng <200 mm, L 6 ® 6 | 6 3
tai trong <20kN
2.1 | Truyén dong thing, quing dudng<500 mm, 1l 6 ® 66| ®
tai trong <20kN

2.2 | Truyén dong thing, quing dudng>500 mm, 3 6 ® 6 |6 ®
tai trong < 6 kN

3 | biéu khi€n nhiéu hon 10 ti€n trinh m ® 6 3| | 6
3.1 | biéu khién it hon 10 ti€n trinh ® | ® 6 30 1
3.2 | biéu khién it hon 6 ti€n trinh 3 ® 6 | ® | nl 6
Céac ky hiéu:

K:  Diéu khién bing khi nén.
DP-K: Diéu khién biing dién — khi nén.
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. Diéu khién biing dién — cd.

Piéu khién bing dién.

Piéu khién bing cd.

Diéu khién bing thiy luc.

Co6 kha nidng ting dung thich hgp.

C6 thé tng dung.

C6 thé tng dung trong nhitng trudng hgp dic biét.

Khong thé tng dung dugc.
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1.6. PON VI PO TRONG HE THONG PIEU KHIEN
1.6.1. Ap suat:

DPon vi co ban clia 4p suat theo hé SI 1a Pascal (Pa).

1 Pascal 12 4p suit phan bo déu 1én bé mit c6 dién tich 1m? véi luc tdc dong
vudng géc 1én bé mit d6 1a 1 Newton (N).

1 Pascal (Pa) = 1 N/m”.

Trong thuc t€ ngudi ta dung don vi bdi sd clia Pascal 1a Megapascal (MPa).

1 Mpa = 10° Pa.
Ngoai ra con diing don vi bar, v6i 1 bar = 10° Pa.
1.6.2. Luc

Pon vi cua luc 1a Newton (N).

1 Newton (N) 1a luc tdc dong 1én doi trong c¢6 khdi lugng 1 kg véi gia toc 1
m/s’.
1.6.3. Cong

Pon vi cta cong 1a Joule (J).

1 Joule (J) 12 cong sinh ra dudi tic dong cda luc 1 N dé€ vat thé dich chuyén
quang dudng I m. 1 J =1 Nm.
1.6.4. Cong suat:

DPon vi cla cdng sudt 1a Watt.

1Watt (W) la cong suat, trong thdi gian 1 gidy sinh ra ning lugng 1 Joule.

1W=11J/s=1Nm/s.
1.6.5. D) nhét dong

Do nhét dong khong c6 vai trd quan trong trong hé thdng diéu khién bing khi
nén. Pon vi cia do nhét dong 1a m*/s. 1 m*/s 12 d6 nhét dong ciia mot chat 1ong c¢6 do
nhdt dong luc 1 Pa.s va khdi lugng riéng 1 kg/m’ .

n

v=—".
0

Trong do:
1: do nhét dong [Pa.s].
p: khi lugng riéng [kg/m’].
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v: d0 nhdt dong [m?/s].
Ngoai ra, ngudi ta con st dung don vi do d0 nhGt dong 1a stokes (St) hoidc la

centistokes (cSt).

— Nhigtdo t (°C)

1 bar
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0,10 > =
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| |+
— 1 | — 4bar
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T ar
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Hinh 1. Sy phu thudc 4p suat, nhiét do va do nhét dong cia khong khi.

1.7. CO SG TINH TOAN KHI NEN
1.7.1. Cac dai lugng vat ly

Bang 1.2. Cdc dai lugng vat Iy co ban ciia khong khi

ST bai lugng vatly K.hiéu Gia tri bon vi Ghi chu
T
1 | Khdi lugng riéng Pn 1,293 kg/m’ | T=273K, Pa=760
2 | Hing s6 khi R 287 J/kg K
3 | T6c dd Am thanh O} 331,2 m/s o) nhiét do 0°C
344 3§ nhiét do 20°C
4 | Nhiét lugng riéng Cp 1,004 kJ/kg K | Ap suit hing s6
c, 0,717 kJ/kg.K | Thé tich hiing s6
5 | S6 mii doan nhiét K 1,4
6 | b6 nhét dong luc n 17,17.10° Pa.s 0] trang thai ti€u chuén
7 | o nhét dong v 13,28.10°° m%s | O trang thdi tiéu chuén

1.7.2. Phuong trinh trang thai nhiét dong hoc
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Gi4 thi€t khi nén trong hé thong gan nhu la khi Iy tudng. Phuong trinh trang thdi
nhiét tdng quit ctia khi nén:

Pabs.V = m.R.T. (1.1)

Trong do:

Pabs: Ap sult tuyét doi [bar].

V: Thé tich ctia khi nén [m®].

m: Khdi lugng [kg].

R: hiing s0 khi. [J/kg.K].

T: Nhiét do Kelvin [K].

pabs \
—2—=mR 1.2
= (1.2)
Hay:
plabs-vl y p2abs 'V2 (13)
9 T,

Khéi lugng khong khi m dugc tinh theo cong thic:
- Khi nhiét @6 T khong thay ddi, ta c6:

m
P _ pZabs
Y = p— (1.4)
— labs
P2
Hay:
p, = py.Daas (1.5)
plabs
- Khi 4p sud't p khong thay ddi, ta cé:
T
P> :pl'i' (1.6)
- Khi ca ba dai lugng trén déu thay ddi, ta c6:
T4 Paass -1
P, =—— (1.7)
’ TZ'plabs
Thé tich riéng ctia khong khi:
v = %.[mﬁkg]. (1.8)

Thay phuong trinh (1.15) vao phuong trinh (1.9), ta c6 phuong trinh trang théi
cta khi nén:
% ~R,hay p.v=R.T. (1.9)
Trong d6; R 1a hiing s6 khi.
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Nhiét lugng riéng c 12 nhiét lugng cin thi€t d€ nung néng khdi lugng khong khi
1 kg 1én 1°K. Nhiét lugng riéng khi thé tich khong thay d6i ky hiéu 1a c,, khi 4p sut
khong thay ddi ky hiéu c,. ty s6 cla c, va ¢, goi 12 s6 mii doan nhiét k:
k S (1.10)
c

\

Hiéu s6 cda c, va ¢, goi 1a hing sd khi R:
R=cp—cv=cp%=cv(k-l) (1.11)

Trang thai doan nhiét 1a trang thdai ma trong qud trinh nén hay gian nd khéng c6
nhiét dugc dua vao hay 1dy di, c6 phuong trinh sau:
P1.Vi~ = p2.vo" = hiing s6.
Hay &:(V_Z)k :(L)%_ (1.12)
P, v T,
Dién tich mit phing 1, 2, 5, 6 trong hinh 1.7 tuong ¢ng lugng nhiét gidn nd cho
khoi lugng khi 1 kg va cé gid tri:

r k-1
w = PV 1-(V—lj ] (1.13)
k-1 v,
i kL
W — pl Vl 1_ & k
k-1 Py
k-1 T,

Cong k§ thuat W, 1a cong cin thi€t d€ nén lugng khong khi (Vi du trong mdy
nén khi) hodc 1a cong thyc hién khi 4p sudt khi gian nd. Dién tich mit phing 1, 2, 3, 4
& trong hinh 1.7 13 cong thuc hién d€ nén hay cong thuc hién khi 4p sud't khi gidn nd
cho 1 kg khong khi, c6 gia tri:

k-1
k Vv
Wt mpl.vlll—(ij ] (114)

ket

k P, |
W=—puw|1-| 2
Kol

Trong thuc t&€ khong thé thuc hién dudc qud trinh ding nhiét hay doan nhiét.
Qiia trinh xdy ra thudng nim trong khodng giita qua trinh ding nhiét va qué trinh doan
nhiét goi 12 qué trinh da bi€n va ¢6 phuong trinh:
pi.vi"=p..v," = hiing s6 Hay P (V—ZJ = (T—Z) " (1.15)
p2 Vl Tl
Qud trinh ding nhiét: n=1.
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