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Experiment on aerodynamic performance of

APU air inlet system with perforated plate
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Abstract: The aerodynamic performance of-a_kind of air inlet System with perforated
plate used in auxiliary power units (APU) wasinvestigated experimentally. The experimen-
tal results show that ‘with\the increase of mass flow rate, the outlet total pressure recovery
coefficient\and total pressure distortion coefficient decrease. The total pressure recovery co-
efficient decreases'slightly in ‘the fixed total mass flow rate case, but decreases linearly in the
fixed proportion case. The total pressure distortion is mainly influenced by the imperforate
area of the whole perforated plate in the circumferential direction and the flow passage curva-
ture in the radial direction. With the increase of orifice ratio, the outlet total pressure recov-
ery coefficient increases accordingly. The total pressure distortion of power section is mainly
influenced radially in different orifice ratios; the distortion of load section is mainly influ-

enced circumferentially in small orifice ratio and radially in large orifice ratio.

Key words: auxiliary power unit; air inlet system; perforated plate;

orifice ratio; aerodynamic performance

KA HL A BY 3 1 26 & (auxiliary power APU SZJi & — & S i /N AVR SR e &
unit, AP Z2 AR KW EEMI R K FZ . E ML — R A SR SR APU f ik
14 3y P 2 ) KOPIL 4R At fR VR R AR L T T [RGB RN REEE R B R
3 E RSP TRz /R G AT RHE LN 2 ASBIL B 147 2 6 R R R G A B CAn Pl 1) ik
LU RN, SO0 R R e 8h 1. B APU B HTE REGWEIHEE S APU 76 ®HL L2256 47 B A
FlP A E AN APU [ 58 th ok i ), XKy BAL T84S 5 77 5 G0 0 B i v » HoPE AN (UG

%5 HH#A - 2012-10-16
P 48 H R 3t 3k hitp: //www. cnki. net/kems/detail/11. 2297. V. 20131105. 1002. 016. html
EB A TEWI A 1965 —) , B TLIR R I B 20 L b L 2B N30 3 25 38l ) 2 Ak R AT 5.



511

EBES 2R APU FS R E SRR R 2521

KHLR B AR R = A s, APU g 5 1E % TAE
K TAEPERELF IR e,

APU #ESFR G — Mo A PR 43, I HLSE B2
A FEN R SHHLA T AN E L A KR S T E)
FEAMLA LT A N 3EE (A 1. A0 T8 — R A 3
A A 20 A R R A R
JFL W SCERC10-11 1% 7 6HL APU S R S50
AT TWFSE. B EE X 3 E 00T b,
APU #ES R GE 0 T , S By M R £ 55 4 L
W Z LA A SO S AUR AL APU ES,
RGN Z AR B SHLA LAY P L %37 6
FIESMUR B 3 AL R — AR e sl S —
AERE A AL A5 AT i E 5 ) 25
T X R G D ARG T 2R B
I UE S SURE I AR AL T sh A X 5 2.

Inlet Combustor Eductor

Gearbox Load Engine Turbine
COMPressor~ compressor

1 Honeywell AF i Model 131 % APU™
Fig.1 Model 131 APU of Honeywell Company-"

il 2 X R G AT SR I T A5 B IR
i Z AU APU JER G s R RE L L 2 AL
B LA Bh P R AR W) 32 I T A A [ A i

1 KWigES5REE

1.1 SEIgiEE

SIS AU SR I 4 LAY B R 2 LR B ) R
SHLA H B (B I3 ) L B8R SHLA 3 (f
o) FHE 30 W R AL & sh AL sl il 4 sk Cn (%]
2). K 34T 2R .

NEEn g

NN
il AR e
LI I
% EHLE 3
PRE N R
A i g

2 LI RERI A T B2k R

Fig. 2 Meridian section profiles of experimental model

B3 ZHARBA
Fig. 3 Photograph of perforated plate
1.2 XBEFELBEH
B4 g5 ih T o080 % B MR . B APU S

K4 seme A

Fig. 4 Photograph of experimental equipment



2528 Moz B h %

% 28 %

RGNS B A Ah S R S R I
B LTI 0 R R S g A A S )
P LS LR R 2 B S B L X% APU
HE R GE AT M b e S

FL28 BEAE B 03 O 92 30 A B R L 23 R 55 B, L
25 3 55 I P T O 1 S G O o D S I A R R
OB BT APU SRS P (RIS
BLBE D) M 423 2 S A i b, 7 M 1248 B 4%
A AT AT AP R R A
T Bl v U 5 B I 2 L. LA A O B
I 1) 2 ) 4 i 9 6 T 0 R 9 T L AR S Y S
5 T4 R RE IS HE (1L 67) 28 B B (IL3R 1) AlE
S (0. 6 kg/s)AZ L (WL 2) IR O, L L
RVl g g it fak 5 60 A8 O A 2 LG BT T O
TN 0. 6ke/s, BUELy 1. 67.

F1 TEEIE(L67)TER=E
Table 1 Fixed proportion (1.67) and

variable total mass flow rate

Bl v i 2/ 28 3 L o/ S/
(kg/s) (kg/s) (kg/s)
0.4066 0.2434 0:65
0. 3878 0.2322 0.62
0.3753 0. 2247 060
0. 3440 0.2060 0. 55
0.3128 0.\1872 050

F2 TEBRRE(0.6ke/s)TELE
Table 2 Fixed total mass flow rate (0. 6kg/s) and

variable proportion

By 3 i i 1/ 71 3 i U e/ "
(kg/s) (kg/s)
0.4000 0.2000 2.00
0.3860 0.2140 1. 80
0.3753 0.2247 1.67
0.3650 0.2350 1. 55
0.3600 0.2400 1. 50

SIS Y R G S/ R G D
TR 5t A3 A 2 B 0 B AE WS U TE Ak CH
JEAHLHE DAL ) 00 A S 107 48 T A L/ R (A
2, B O BAS IR B R 90 B —AREE A5 B
HRER % 13T 4 A BURRER 38 16 DGR A
LI He LG R AR TR R S AR T S I RE
. MR %% Net Scanner Model 98RK J& /7

VA 55560 3o 5 Tk R 9 T i
FF i /0 P MO 43 90 5 0 A BE 30° il 60°
B2 3 AR R T — A R L
412 0 £ 2L 3 B A A AL 4 )
P E 25

AR SR AR S RO T L W R
Viwt iy BEPRE R o MR T5 8 Doy, i = K
:f%é:Aq(Ad),I(==O.O4O42,iiFP p LT LA
q (VD 43518 T A 9 385 My 11 A T 99 T 24 4
S T BUR G R BRA o — Lo Bl p Sk ol

()

B Doy = LBt gy . fi-L o
F

51 A R 1 1 0 R T 2 3)

5 i 2 0 1T 60" X 3k PO 89 35

M.

2 EBERK S

AN % APU #F SR 48 o 17 Hb 1w b 0 52
B Ao B 22 U AR A CRFAR 35 o A5 AL 7 1 i
FU AR S et A LI AR I L TR 1Bl PR
S8 B B AT 2 £ L AR TF L 3 AR 4k X% APU
PR G B 1 fE B R .
2.1 APUMSREGEEEINIHBHAR

BEUEA AL SR FHIF LA 0. 479 19 2 FL R
BLOFLERE o Z AT A /NLIERRZ 5 £
LR F I Z L.

I 9t o 5% 2R 0 o o AR AL 0 A7 ) 25 oy W 45

’;}’1{) = p‘UQ AO (1)
my Ty
= 2
BT A1/ pe KA (M) 2
o my ~ To (3)

T (I F wp KA q(My)
Horp o R BE L R ART07 IR DL 2 LA 3R T A R 45
HARR B R S5 T A1 Rsh i 12
B R ARe2” R im0 S8 0 Sk 8 v i
5 m R A (B . X2 KO
R ILE 5.

6. & 7 EIEMERLA AY BRI B R AL D ik
HOE P O A AR AL O R Hoh = A B AR ]
HEM LT GEHR k2p) . AR IE N E B &
THGER k22). NEH AT LLE 1, 33t T oA,
Bl 3 g S R R O 2 80 T A 3 s R R R AR KT



%11 TE B AR 45 8 2 FLIRN APU R R SR 3h Mg st 2529
0.85 0.994 -
| —a— g(M) -
0.80F —h— g(M,) [
i 0.993 F
0.75F [
S o70f 0.992F
3 . . -
= 065k i
= _ C
T 060F 0.991
0.55F C
: 0.990 -
0501 [
SR T R SR R 0989 Lottt
045 050 0.55 060 065 070 031 033 035 037 039 041
m,/(kg/s) Mass flow rate/(kg/s)
(a) FEALIL (a) 8115
0.993
350 -0.80 i
q0.78 0.992F —h— K2p
3.0F J0.76 : e K2z
[ J0.74 0.991F
T 2sf P72 3 0.990F
= H40.70 = [ [
= | HJoes & 0.989F
£ 20 066 = i
= El 0.988F
: J0.64 i
L5k do.62 0.987F
40.60 ]
| UIQSE.xluxlu;uuluuuuluuuuluuuuluuxulxxxul
190 52058 0.18 019 020 021 022 023 024 025

(b) E B hE

K5 2y )& R BRI KR A
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Fig. 7 Mach number vs. mass flow rate for basic model

Zoid Z2 AU B SR ARG R AR — B BRI R 25 5
SRV PIE POk, T3l s i A PN I
BER L IR A AE A YRR AR AR 1Y R DL 5 B
iNEAETENETRZIEP S DN SYEN /3RS V@ e
Ui WA . ) bl 302D (AU BERC L n M 1.5

S 5

T4, Y I TR Bh RS R B T 60° 3 [l N P 1
TR AR 5 A S MR R A 25 L B R R R 3
JE A8 Ak A X 2l AR Ak L i DL R I A% Bl 5 2
R 18 o CRID 90 £ R0 A 5088 ) T AS W RIS

PO 2 5 o A B 35 T TR B A

550
- —h— k2p

5.00F — K2z

450F

D, %o

4.00f
350F

3.00F

2,506

0.31 0.33 0.35 0.37 0.39 0.41

Mass flow rate/(kg/s)
(a) ZhF75%

8 HE A B s W A B U A R 0GR IR
Fig. 8 Total pressure distortion vs. mass

flow rate for basic model

A 28k i 18

0.01 0.02
x/m

(a) 2 13

PN B T
-0.02  -0.01 0

0.02
1.000

0.997
0.994
0.991
0.989
0.986
0.983
0.980

0.01

¥m

-0.01

-0.02

0.01 0.02  0.03

-0.02

-0.01 0

x/m
(b) TR
El 9 MR T TR BRI E R E
Fig. 9 Outlet total pressure recovery coefficient contours

for basic model under design condition



%113

TEWI A4S A 2R APU ER R G eI R 2531

FAS S8 57 1 JEL RS2 o 7 2 FLAR I R 35 59 B T
T2 A A — A To LR g SR A JE 1) i
ATRIE S B 0 5% XIS, FoAth XS/ N L34 55 43 i
ARG INFL S BT AR A BN o T AR A X
137 INFL ] B AR T At 35 53 HE A (4 /N FL ] B K, 7E
W XSO U R 43 B8 72 AR B R sl b 2 L Ol i
DL S B TR 7 S — XU B X i
TEART b, Z2FLAR A il 1] 3 A 14 50 L R o3 A 2
2 YA R M S T A R TR ) 30 R T B
T JZ A1) 5 Z2 FL AR 2% RO 38 % 45 401 2 kN, Bk
TE WA T 1 RTE P9 32 & 3 B A% 3l 6 B T2 S
W) I A X
2.2 ZIAWMAALEI APUHSREHI M

A S I Xof e o A4S TR R AT S5 A1 8 X F AL
J90.351GE K k1 BEAR) L2 K 0. 544 (e

0.03

0.02

Fig. 10

0.03

0.02

0.01

»m

—-0.01

-0.02

(a) 3 H1 5%
Bl 11 k3 AR TALEE B 0 BRI E R B

Fig. 11  Outlet total pressure recovery coefficient contours of k3 model under design condition

k3 R (9 Z fLARBE B AT T 505
P AH G SCHRAS 2 FLARCRT IS B9 R D 5 2R

Ap [L 2JL(1/8>—1
Ar L2 E T )

Hrp e NZAMITILR,. C A S HFIHEHM /D WY
A BB R ATHL 0. 98) .t WEZFLWEE . D N
/INFLEL AR,

A 2 (4 F AT 3 A 22 FL A I A8 2R R O T
FEALE 5 FUAUE B, LR R B 32 31 25 b 5 B 1 5%
M) 36 B A AN KL I F LR BN EE A2
B AR TR AL 3R A 1 G B A BR. A K0 B 47 2
A 55 10 B X A7 B0 55 2 /N A sh 8 2k ROR. HR
ASCEFE T 0. 35~0. 6 JuE A B IF LR FHFTHRIE.

B 10,8 11 43 52 A R JF L3, T T
BLILE SRR R R L S S R R 4

0.02

002 001 0 o001
x/m

(b) i #dm

1.000
0.997
0.994
0.991
0.989
0.986
0.983
0.980

[ |
0.03




2532

o 28 4

WA LA L /NTF AL 0. 351) FLHR I, 3y o A
FEA0 I LA & B WL A% 2l BF 30 ) P 9 T A K
AU A5 K AH X 38 /N, AR s P A 5
PR . XA B S T I R A LR A AN A
Bt T AL ARG F] 0. 479 5 0. 544, N AN Y JE
ZEPRFFTE 500 Pa 26 47 AR L ATh S AN B &5 N Al
AR AFL P M G A 2 38 R (A5 R A 11 8 i A
JEWR A RO ARTRIFFLRR 8 i i 0
() S 43 A LAAR 1) o 2, 26 JR ) 3 3 5. 3
FEIE ) Iy B AR WA 02 2L
B & 1] 5 /0 B G4 ) B 25 5 KL

FH I » B0 38 0 72 /N T L 36 (0. 351) B, B R 4
AT VA28 ) 8 AR AN K T ] o) A Ak 2L SRR R
BARFJRBRF—A/NE XN, EE R R TR
FLX S IFFLRIE N E] 0. 479, R # AR 4R

Fi . ORI b SR A 3R 5. FF LR 1S hn £
0. 544, JLEF A28 ] G R 25 AR 13 R k. X B, It
i 22 FLAROGF R I 5 (1 5% i) & AR AR RS T, Ui
HEMRAR T FENE.

Bl 12~ & 17 43 51 2 om a2 Fie e (B B b R
% p RO MR E (BB PHEH 2 £ TF,
AS[E) T LR PR A R R R R B R R
FLE RS B2 B AR X R B 12~ 13
FTEE T G BL T, Bl TF FLR B, SRR &R
BORW T = TFFL 38 , S A 0k 22 FLAR A 1 FR
BN, Lk 22 FLAR RN AL 8 A9 2D R B A L 0 e
BN R, I B R R B . & i L F AL
FM 0,351 WERF 0. 544, X (DB ME L £
FLAR SR s B 2 (2) Fn X (3D, ] — T B, i
I D 7 550 A A1 L B R . R A T 1 Tt

0.9971r 0.996
—=— klp 0.995 klp
0.996[ —a— K2p S —A—/k2p
99: —< 13
0.995 —— 3p 0.9941 p
0.993
0,994 -
0.992
0.993F B
b b 0.991
0.992f 0.990[
0991} 0.989F
0.990+ 0.988
0.989} 09871
030 032 034 036 038 040 042 0.18 0.19 020 021 022 023 024 025
Mass flow rate/(kg/s) Mass flow rate/(kg/s)
(a) B0 (b) A # b
B 12 B i S R O 2R B i R A G R A
Fig. 12 Total pressure recovery coefficient vs. mass flow rate at fixed proportion
058 - 0.5
- —=— klp —a— klp
0.54 1 —a— K2p osol —a— K2
A —— K3p ' —— 3p
050
045F
= 046} S
i 040}
042}
L 035}
038}
L 1 L 1 1 ] 1 L 1 1 1 1 ]
030 032 034 036 038 040 042 0.19 020 021 022 023 024 025

Mass flow rate/(kg/s)

Bl 13

Mass flow rate/(kg/s)

(b) fA

E e LY IR b 5 i 3 A A Ak 06 AR R

Fig. 13 Mach number vs. mass flow rate at fixed proportion



o511 TEBI AR i Z ALl APU ER R R R shERE L 56 2533
550 6.50
5.00F 6.00
450 550+
4,00 - S.00F
: £
g 3
- 3s50f o 450f
(=)
3.001 4.00L
2501 3501
2.00 1 1 1 1 1 1 3.00 1 1 1 1 1 1 1
030 032 034 036 038 040 042 0.18 019 020 021 022 023 024 025
Mass flow rate/(kg/s) Mass flow rate/(kg/s)
(a) Bl 1 05 (b)
B 14 72 B BE s A e i A B 9 £ A 1 OC R [R]
Fig. 14 Total pressure distortion vs. mass flow rate at fixed proportion
0.995F 0.993
0904 ®O—e— o 0.992 F T,
0.993} 0.991 -—a— klz
—a— klz
o 0.992f k2z 0.990 | —— o
' —— i3 ‘ K3z
0991} A—a | 0989F A— ),/ A, 4
.——I—I\.\. .__"——I——-—.—-._,.
0.990F 0.988 |
0989 1 1 1 1 1 1 098? 1 1 L 1 1 1
035 036 037 038 039 040 04l 0.19 020 021 022 023 024 025
Mass flow rate/(kg/s) Mass flow rate/(kg/s)
(a) 3 10 (b) fr Akt
B 15 S a i SRR E FRERE T A O R
Fig. 15% Total pressure recovery coefficient vs. mass flow rate at fixed total mass flow rate
0.56p 0.50F
—a— klz
0.54F 0.48}
046
0.52
0.44F
3
S 050f S
042
048
040F
0461 038}
0.44 1 1 1 1 1 ] 036 1 1 1 1 1 I
035 036 037 038 039 040 041 019 020 021 022 023 024 025

Mass flow rate/(kg/s)
() Bl 355

Mass flow rate/(kg/s)

(b) fA

Fl16 7 A Uk I B M B U A 1R G R TR

Fig. 16 Mach number vs. mass flow rate at fixed total mass flow rate



2534 itoz= 83 1 ¥R % 28 &

3.80 5.60 -
3.60f 5.20 B
340 4.80 [

g;g 320f 3: 440 [

Q o~ i
3.00f 400}
280 3.60 [
2.60 3200 \ ;

1 1 L 1 1 J
035 036 037 038 039 040 041
Mass flow rate/(kg/s)

(a) 2h 13

0.19 020 021 022 023 024 025
Mass flow rate/(kg/s)
(b) &k

P17 s U N i e A8 O e A 5 AR T

Fig. 17 Total pressure distortion vs. mass flow rate at fixed total

WA 14 7R, 2 B E i TR FLR B8, B e iRy
AR AR R I A ) R AE /N LR T RS T R
o W 7 A7 Z2 L ASCRI I JE it 5 3 (WD 5 e, R A A
i 2 Z2 UL R ] R 4 DO Rl i) B 3557,
XU A BT B A 5 T R IR B
FHAIAE . /N AL SR B 22 FL AR H 18 g A 1
il FH o, S g AR A B TR L 3 3 s AL A Y
T A R 8 O A AR R 55 T i R
Wi 32 T 388 T, 24 48 i R B B T R B AR 2
A7 WA RS WL BT DA S WA AR AR Al A
HH .

WE 15~ 17 FroR . & S s i, [F— R b
TS TF LR BT SFE R RS B R AR 1Y
AR 5 8 BC =20, Ha i 2R Bl TE I L
100, B BL L5 SRR LT FEFLEEXT 3l ) v
A7 28 i 1) 2 T R AR — L

3 & i

X N 22 LA 2 A ML I — 2R R
LR Z fLA ) APU #E R R G 4T T 55 56 #F
I8 A BN EZLB T .

D it To Gk 0. 6kg/s, Bt b K 1. 67)
B, 3l ) g R 5 R B T O B 5 R e R AR IR
ERUE 2]

2) hJy o 5 Bk i SR K 2R B R
W 722 i A I T S ) 185 0 AS BT B AR, R IR B R
BOTE 8 ST o ) WA B L i T LE I LT R
TRE. SRR ARLE S ) b Az Z LR TC AL X
M, A28 ] | 5 B2 1A 1 55 .

3) PR %2 APU S RS EfE A

mass flow rate

L), HL 3 IR A B 5 R s

4) TR L 2 T R R L AL
XF By 7 i FRARCE S 4 52 ) B S A — B Bl T AL
SEHEI, PR LR PR B 2R B 385 0, s g A
AR AL R FAIEARA R L /ANFFFL R0 T B AR RIF
FLETF- 2 T b 1 o S R AR D4R [ AR A . B
FEALFEHE AN 0. 544, KA Y 1A B 8 K.
FH R S 3o 7E /N TF L3R (0. 351) Bif o il F g A8 3y
TR AR A AN, T 8 1) A8 Ak i 3. JF L SR 1 i 2]
0. 544, 12 ) Joh i 22 78 15 458 Rk o it 22 L A X
ol RS BR8] 8 28 AR AR R BT, I A Y R AR
TEENEK.

Sk

L1 RN fia RSP T 0 45 14 B 8B 3h J) %< &
EBHLIM. AT Uz Tolk At . 2001,

[2] Turk M A, Zeiner P K. Advanced technology payoffs for
future rotorcraft, commuter aircraft, cruise missile, and
APU propulsion systems[ R]. AIAA 86-1545,1886.

[3] Vanco M R, Wintucky W T, Niedzwiecki R W. An over-
view of the small engine component technology (SECT)
studies| R]. ATAA 86-1542,1986.

4] BBA A%, REE, 5. KRR A CHLA B 3h ) 2 &
ROy BLLI . i2s 3 J1 %441, 201,26 (7) :1950-1958.
ZHAO Yunsheng, HU Jun, WU Tieying, et al. Perform-
ance simulation of large civil aircraft auxiliary power unit
[J]. Journal of Aerospace Power,2011,26(7):1950-1958.
(in Chinese)

(5] ZEARA. KA BN 13 B CHEORIR] AR BRI
KM AR & 2815 8 b [ 25 2% 2% 2007 4E24 R
4F£x,2007.

61 P 4iBhsh Iy B N HAR e R R 43 [ ). ol = b e Ak



511 3

TEWIA: S 2RI APU R RS

2535

(7]

[9]

[10]

[11]

[12]

55 Jf i, 1998(4) : 19-22.

JIN Zhongping. The review of auxiliary power units and its
standard development[J]. Aeronautics Standardization and
Quality,1998(4) :19-22. (in Chinese)

B RAERE L o] JR R, KR AL B Bl ) e S O IR
R SIPLBARRE KON LT . W48 30 7157 4R, 2008, 23(2)
383-388.

HUANG Guoping, LIANG Dewang, HE Zhigiang. Com-
parison of technical characteristics of APU and micro tur-
bine engines for large aircraft[]]. Journal of Aerospace
Power,2008,23(2) :383-388. (in Chinese)

Campbell D J. Revolutionary propulsion and power for 21st
century aviation[J]. ATAA-2003-2561.2003.

Matsushima Y, Takeuchi T, Kohri I. Prediction method of
engine compartment air flow using CFD analysis[]]. Japan
Society of Automotive Engineerings Review,2000,21(2) .
197-203.

Jesus A B, Oliveira G L, Brodt C S. Methodology for the
design of APU air inlets for regional commercial aircraft
[J]. ATAA-2003-722,2003.

B 5L EER 5K B L 48, APU iS4 18 1R ST L il
HEAVERE B ZE (1], BHAE B, 2011(22) 1 446-449.
Gorinevsky D, Dittmar K, Mylaraswamy D, et al. Model

[13]

[14]

[15]

[16]

[17]

based diagnostics for an aircraft auxiliary power unit[C]//
Proceedings of the 2002 IEEE International Conference on
Control Application. Glasgow, Scotland: IEEE, 2002 215-
220.

Soo Y K,Sergey V Y. Performance analysis of an auxiliary
power unit based on static/dynamic mathematic modeling
[C]// Proceedings of the ASME Turbo Expo 2007 Confer-
ence. Montreal , Canada: ASME,2007:1013-1022.

Rodgers C. The performance of single-shaft gas turbine
load compress or auxiliary power units [ R]. AIAA 83-
1159,1983.

VEWIAE B P d 8E , A5. A D b Y BT AL R A it
BCHELT ], s 3 2 4. 2010,25(12) : 2756-2762.

WANG Mingsheng, HUANG Guoping, FU Xin, et al.
Study of modifying helicopter inlet containing output shaft
[J]. Journal of Aerospace Power, 2010, 25 (12); 2756-
2762. (in Chinese)

Perry R H, Gree D W, Maloney~J~O:Perry’s chemical
engineers’ handbook [ .M"]. 6th New York:
McGraw-Hill, 1984.

Smith .P~T Jr, Van Winkle M. Discharge coefficients

edition.

through-perforated plates at Reynolds-iumbers of 400 to
3000[J]. AIChE Journal,1958,4(3):266-268.



