55 36 % 5 4 1] fin = zh 1= Vol. 36 No. 4
2021 4F 4 A Journal of Aerospace Power Apr. 2021

B HS . 1000-8055(2021)04-0776-07 doi: 10. 13224 /j. enki. jasp. 2021. 04. 010

S E AR R R A R

FOORD, KEA, L W, TAKY, EXE, ARE
(L v 7 2 S LA AT BR v 9k B & S LB FE BT - B 1100155
2. PHIL Tk K BEVRL 3 2B, P92 710072)

i . B ISR T AR AR XA A0 T R A RS R, 33 F [ E A3 BT % Tk X S 36 A5 4L
A% EE B SR R BRI A R 5 S0 SR i W A RR . RS R B IR /N T L. 081 IE AR 1 T 4 4 R T 45
AN SRR T 10081 B 0] 45 S AR BB B AL & M 28 5 9230 Bm W) & L A RS0 FOAR S A 2000 3 T R
PR AE o AN AT 40 S IR B A0 & il 4R 5 S 3 B A B9 S TR (IS S BE bR TR 280l T B 25 3K
% 8§ W SMESM BESN REREG AEEL K

RESES: V211.79 XEAREG: A

Effect of gas compressibility on flow coefficient
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Abstract: The effect of gas compressibility on the effective flow area was studied by the-
ory and experiment,” The regression analysis method was used to fit the experimental data,
and compared the degree of the coincidence between different theoretical models and experi-
mental data. ‘Results showed that the pressure of gas compressibility can be neglected when
the gas pressure ratio was less than 1. 081. When the pressure ratio was greater than 1. 081,
the fitting curve of the compressible 'gas theory model was consistent with the experimental
data, and the value of effective flow area was stable at different pressure ratios. Fitting
curves of the incompressible flow theory model deviated from the experimental data. The

value of the effective flow area changed with different pressure ratios.

Key words: < gas compressibility; regression analysis; flow coefficient; effective area;

pressure ratio

PR TERE R AL S AR A S ML 2 T A O TR A BT AL K A Sl LN g 498 e =
FEA SRR A BRI DU S B AR PR v WEZSA BT AR
AN R RCR AT . WA A Sl AL I e i iR I A B A V4 AN B 4 R BT AR T Y

78 B 8 :2020-07-15
FEE BT W9 S0R (1980 —) i 4 TR L {1 A L 2B SEIR R IO 18 W BR BT BF ST
S| AR W SR, KR TR, S KRR M R R B (1], Bt as 8h Js ). 2021, 36 (4) : 776-782. HU Wencheng,

ZHANG Baohua,SHEN Chen, et al. Effect of gas compressibility on flow coefficient[ J]. Journal of Aerospace Power,
2021,36(4):776-782.



4

WSO AR < AR T 45 T W R AR K R TR i

I s L ) o 8 B A SR T 5 B A8 17 R 1Y S B
RSB E AR Horhai i R o L 2R
JH 4507 266 BB T 40 A LI 1 R S5 40 44 BE AN T
TR R AR ER RS R P OR R
Xt EE P R LS R T A L AR ROE R . ASCRL T R
AN TR S 6 9 5% 6 R0 AR DA O 5 Xk G AR A el O
G AT B D5 10 S B R AT UL S A RO A . RS
S B AT S 8 UM B B R 5 S 50 B ) B A
AN A TR BEE AR A AR /N s FORZS F 5 SE 5 55 W)
B o ATEEr AT T PR BRI AR YA B Y I R RO
S I R O R0 i T AR i g 286 e U T
/ANTF 1081 ARZS T » AN AT Hs 4 ML R £ 0] 0 iy
2 LI B M AR W) B . A 0 T AR
55 2 RO T AR AR 25 AR/ . DRSEAE R AT T
PRI R BOT RS S PSR B —E 1
B

1 SLWIRERIEH

L1 KWigF

ST A AR R IR HE R GV L A
ARG B R RS R AR R E .

UntEl 1 R 28 E LR A9 e 4 25 O AR TR
E AR T A I U R TR IR E AT g i A
HED . A AT RA W EITIE EIRA
PR B S SR A HE AR IR . S SRS
A 1o IR T PP O D R 9 R AR R
FIPp AR IR R RS o 700kPa, i K
PR 005 kg/s5 28 U K 04 B lidia 5
Ui I ek RS A 100 RO 35 28 ) 3K J7 78 3% s
WA HE R 0. 25 04 (5 IR 22) 5 92 50 R A A 41
L a2 00RO 2 A B R ESK L R p T 2 il K
7 B 3 RRBE - AR 07 F0R S8 ARk 11,17 3R
HERA ] v S BLAY B & . g gy
B R

R,
NN
\ l g, | {
e T

N T3P

i .

@Z@D po T4y :

x RIS

1 Sce i o 1A 18

Fig.1 Experimental equipment diagram

1.2 B#

TR TEXE G R T AN R L A 45 R 14 S 5 1
(B 2). 15 3 DAL AR TER S 1 A%
HIFLAAN 3 A [ 45 4 B OHR I CBEE 2 A7 2
AP L AR 25 ) AN [ 114 9 38 F » I 21 0
2-2),

<]

X

/\

X< %
Mgiiae Hobdna: SRR e w2 flk

P 2R

Fig. 2 Schematic diagram of experiment piece

oooooo
oooooo

oooooo

oooooo

oooooo

4! 7
rkh

2 RERHBEX

2.1 FMEHSHEEBEEXERRBER

it R BUE LN Coa=Gv/qv.ineo = G/ Qunribeo =
Ag/AL A Oy B2 R SR A Ak AR
(dm®) s A Sy SE5 A Y F LA T AR (dm®) 5 gy O 5K
G5 2 i AR A (/) 5 q, R qv 4058 00 it I o
(kg/s) s qv.mes A BRI R UL 5 (L/S) s Gursineo 9 B
e i i (kg/s) o AJ | 28 07 R B AR 55 R A
HEAS, 5 B HE4i i 2 RO R A X ERR
ﬁn‘FUl’]SJ:

e = ()7 () 1]

(D
KA popr A0 B R SEE AR HE S R R FER R
(kPa) ;o1 R SE 56 M4 Hh 110 % & (kg/m?) s K
R RR B B L. 4B R RO KRR
RFR A AR I Bl A A epO ARk /N ]
PLIA T AN AR A

w = ac (&) Rr 2 () 1]
(2)
A R AR £, B 287 T, Sy Sc i 4 ik 01 ik
TEE (KO, MR i R B0 LA (2) ) 15 4%
05 48 e AT R 48 MG 280 T AR R A =X
AC, = A, = 1

() Rr, 2 ()7 1]
(3)

2.2 ATEHSHEEYELEYRBTR
44 il 5 A T HE 4 AR I ST o




778 w3 ¥ % 36 &
A% Ay A R R O R R 0.40 % ARG
g = AC, /ZAP,OO 1)) O Anf R4
. e . . . = 035F
S Ap ST 1T i 2% 05 () B R S
RGN I BUR A I G SRR PR 1 ok E (a0l
K, i
g s ——f
— A Do Po €025
v AL(,N/Z leTo<pl 1) (5)
P R FoE XA G AT R 45 S 020 | 1 , , , ,
VA AT 2037 3 AR 2 3 2t 101 102 103 1.04 105 1.06
FELE
~ o qv
ACo = A =~ (6 B3 LR 7 R A7 0 1
ZERTO(E*Q (Ry=1.011~1.064)
Fig. 3 Different theoretical models’ effective flow area

3 XRERKDH

3.1 TREXRBIEHNRERY
Y AL 2 52 38 000 A A 8800 e v R S

A5 B0 AN [v) 20 B AL 1) A 80 38 1 AR B L (pres-
sure ratio, BT 5 ic N R ZILHE L (K 3~
9) . ARSI BARIAT B0 7 A LI AT A AL
Ui 368 TR R Bt O RS AR A /N AU
S48 3 TE AR T (B 3~ 9 4T H A
[) 55 25 A S AT T 4 0 Ve S AL A 31 Y A 8K
Ui 3 T AR AL 5 AU A G (B3~ & 9D

B RPESE e /N T 1. 081 #5236 12 AS 7T 1T 45
ARG B (9 A R0 AR (5 OF 2 A 0
Tl AR LA (B 3~ &S W (0 B . Rt
JE R T 1. 081 W85 14 A Al Ik 4/ AR e i 1
) A A RO 38 T AR P A RO T AR 22 R
(6~ 95 AL,

B RACEE L. 202 BSE 5L 6) 5 R
F 4 AN AT e 4 A TR AR 21 1) A R0 T TR SO
Y i i AR . PO TS (1. 020~
1. 202) P s P9 AR 285 AT 28800 e 1 R 5 P 244 00
300 TET AR

RRMESE R TF 1. 202 Y S2 86 1 A ] 1k
A SRR BT B 1A R0 T AR 1 S 800
T AR B ST T (AL 7~ 1R 9)
3.2 ZERAW

W AT He A SRR L g 2K (2) AR AT R 45 S
PRASE R 3 2 (5) 1 Sy B A [0 5 7 R, 3 ik
TASSEEAT R D R SR B E LA 2. [E
b AR R po/ po (po D 256
SR pr AR AEHER E R S AR B A Y
FE PR 25T 5 56 00 A5 JF 4 550 5 19 1R BUIR & gy
(L/s) o AH [F) 52 56 A1 AR T R 45 AN AT s 45 B 2 75

of orifice plate (R, =1.011~1.064)

12.F e
* N[ FESEAY

11k DZ:‘T‘[H?%*EE!
:%
Ew— = = i
08|
i

0.7 |

0.6 b . . A . :

1.02 103 1.04 105 106 107 1.08
Lt
B4 FLHE T A A TR 6 4 A S50 38 T FR

(R,=1.022~1.078)
Fig. 4 Different theoretical models’ effective
flow area of central cyclone

(R,=1.022~1.078)

0.34 X N EAEABAY
O ASn[ JEZa Ay
032+
£030f
=
Eam-
I:g S 2N N 4
sz 026 [ % * X
:‘55 i = ==
024
022+
020F | . . . . .
103 104 1.05 1.06 107 1.08
Kt
B 5 FRIEHE I A A A B e 45 B AT 2000 8 i AR

(R,=1.024~1.081)
Fig. 5 Different theoretical models’ effective flow

area of annular hydrocyclone

(R,=1.024~1.081)



A W SO A AT 45 1 X R R 5 9

i x 1] FRA A
) O ] 4R A
El2f
@
e
= 1.0 HHREH—p—H—H—HK ¥
4’% = o0 o @ o o B
b O o)
E 0.8 8

0.6 |

1.05 1.10 1.15 1.20
FEH

B 6 BUE it 4% A 7] 353 455 T A 230 0 3 T AR
(R,=1.020~1.202)
Fig. 6 Different theoretical models’ effective flow
area of double hydrocyclones

(R,=1.020~1.202)

X N[ FRGEAE AR

0.025 F O A A] FR4R AR

g 0.020 |
¢ *

0.015 ¥ ¥
4;v< H o a
iz 0.010 -

0.005 |

12 1.4 1.6 1.8 2.0

JELk
B 7 WEME 1A A B R A A i 1 A
(R,=1.151~1. 948)
Fig. 7 Different-theoretical models” effective flow

area.of'nozzle 1. (R, =1. 151~1. 948)

% ] FEARIARL
0.20 [ N R o7 i
E
<]
R O0I5F
E N MK ¥
M F S 3 w x
EJ 0.10 s U—s O
2 = o
o
0.05 |-
1 1 L 1
1.2 14 1.6 1.8 2.0
L

B8 WEmE 2-1 AN [F) HI e A%E AU AT A0 8 T R
(R, =1.050~1. 958
Fig. 8 Different theoretical models’ effective flow

area of nozzle 2-1 (R, =1.050~1. 958)

X n EARfEERY

o) [ AR FRA A

A RCAIE E Y dm?
o e
S &

=

(=]

W
T

00o o o a

0F 1 1 1 1

1.2 1.4 1.6 1.8 2.0
JEH

B9 mEME 2-2 O [ VSRR A S0 A T AR
(Ry=1.050~1. 950)

Fig. 9 Different theoretical models’ effective flow

area of nozzle 2-2 (R,=1.050~1. 950)

B 1Y FE b -3 dt [ U 2 DT 52 56 7 0 4 4 35 22
il [a) — e o (] 10~ [&16) .

NS H 45 AT TR 4 A< AR A5 28 1 [l
VA i 4R 5 S B AR A A . N AT e 4 A TR g [l
TR 5 S R v A R SRR A K
(E 10~ 16),

R TP 26 0 3l S B AR T (46 8 25 ) v
HENE R 5 5k B R B G & U (R
(OO HTh po/py Dy SEGG AR E O Ik R 3R 5 il A

HEss ) L AE , Ma N S 5% .
po . IC_l 9 ’:’cl
= (1+ 5~ Ma ) (7

H1 AR E T 24 Al SR AE Ma=0. 3 LR T
WA g A . AR 46 =X (7)) AT AR 3R
AT FESE I L& R (Ma=0. ) FE L po/pr B
1064, RPS256 <0 R 5 0§ IEZ /N T
1. 064 B, AR AT LI AL R AS AT R 4 AR . 3 4
R SE 5 FLAR 5L 50 25 FAH AT (& 3) , X A4~ B
TSR ] U 26 5 S B B L F E A (B 10)

FHT S5 005 265 R T R 45 ASAR E 3h o R T e (R
(8)) s SMAE A [F] FE J7 bR 25 18] 9 h i &5 45 — 6 4
JE ST RESE 124 fE (N BE) . TE B RER A Y
RUEE N ot 3840 FE 7 Al A% 40 B 9 B ] IR 40 <A
52 A0 2 45 1) B R T S AR LD 2D

o dT
ASZJOC/,T*RM%ZO (8

T,
e L 22 B2y o A o
Fh U R RO S Co= = AT

AP R L RN E ¢, SEIRHAME g0 Z
[B]AY LA . AT 4 AR I vh 5 30 ) - RE Y 4%
e DR T 4 A L A5 2 A4 A7 R0 E T AR R T



780

i

oA
7

% 36 &

AN T 4 B TR A5 380 1 A A8 3 T B (& 3~ 9D

BRPEAE R 1,078 1 1. 081 54K, A
AP 4 S AAASE TR 114 [ Ul 28 5 59 56 500 O 5 /)
(B 11 B 12), fEsm KL R 1. 202 &1

IRFRR AR /(L/S)

28T 150
r13.5 100
24 F12.0
1.011 1.014 1.017 2 90F
' P ’f/
20 ok : UJ\H
264" w2 801
16 1.057 1.060 1.063 T ol
o ki
— [ SRS 6ol
12 : e
= = N JRAERAY
101 102 103 104 105 106
KLk
10 FLAR L6 FdE A 45 R (R, =1. 011~1. 064) & 11

Fig. 10 Fitting results of orifice plate experimental

Fig. 12 Fitting results.of annular hydrocyclone
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