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Performance evaluation and comparison of 2 porous laminated plates

Liit Dong Tao Zhi Deng Hongwu Li Haiwang
(National Key Lab on Acro-Engine. Beijing University of Acronautics and Astronautics, Beijing 100083, China)

Abstract: A new form of porous laminated plate (PLP), model 161, was put forth, which had
50% pin-fin quantity increasing compared with its conventional counterpart, model 141. The 2 models
were studied on their flow resistance and heat transfer characteristics by experiment and numerical
simulation. A thermal radiation heating facility was employed to maintain the heat flux on the PLP
upper external surface, and the actual heating rate was calculated by the enthalpy difference between
the inlet and outlet of the coolant. The external surface temperatures were arithmetically averaged. It
was found that the model 161 had 20% less flow resistance and 5% more heat transfer than the model
141. The numerical simulation results were in good agreement with the experiment for the flow re-
sistance. However, the discrepancy for the heat transfer was significant and a maximum deviation of
30% in Nusselt number existed, although the variation patterns were quite the same.

Key words: aerospace propulsion system; porous laminated plate; pin-fin; flow resistance; heat

transfer

JZE M e F T N ML AS A Sl B R s A A v A
SERBIF T P — A TR SR [ P A A SCBIE 5T
7R SR AR AL RE RS 75 DRAIE Ve S RCR A [R5 45
Ve ST 3000 KA BT A — SR R BRI E 2
RN TR — AR R S L B T
T P o R O 2 TR 5 e 28 B e o AL T HLER
5T B o 0 BEAT S B L 2 A 4R A 45 4 B 4
AL ARE] SCEE Y3 R JE RO AL L AL

Wi HHE . 2007-04-17

T AR FN /N o A 18] 52 45 90 19 H1F 510 08 =X0F0 RS 45
JUART 25 A7 52 52 Wil J22 B ik 2l 0 46 Pk g 10 = 22 A
B, MR A (8] S 45 4 B A0F 9 B2 SR i s ) B
PG A Tlk R AR B A 55 il B A — b i LAY
141 B E MR AT 52 . Rolls-Royce Allison 2%
) i) Sweeney F Rhodes fif 21 4l 15 64 75 1 %
M 1] S 4500 5 A 2 2800 T o 22 M 235 4 R AT T e A
PERERF I

EHEEN: B HRAI79—) B X FE LA £ Ivdong1979@163. com.



555 B

IR 5 L R 2 AR RE X LR 547

AR SC IR BE LA I AR 79 40 Ak F 5% T L 4R
— MR TR A 161 B, X T H S R R
P 141 YR 22 1] 2 R 25 5 . DT 4R 28 3 A 11
JE AR A5 # I 2C.

1 SERHEHRITMERNER

Xof A ) S A5 W Sk A AR 0 J2 R, AT DLAR 4
Horpe g AL AR TR R AL I B R X
Oy AN TR 2 A0 22 8] 1 25 50, 10 )2 A RO
AR 4 A aE AL R T R 43 1 4y, A
1 7R o R0 BT A 455 350 43 B Oy 23 A SR T AR, 7 B
AT A EE 4 A 1/4 HERFL T D EERA
FLAT— BB JRAE L DL N SR AR 3 B0 i Hh 4 3 A 1
B O 583 1350 43 LA LI o5 56 2 36 43 19 b 491 ok
THED S M AEAS BT S AL AR R
LR O 1N L BRIZRNZE R INT B 5
PR N R RS R IR S8 B 1 s 02
141 F1 161 BEAY Y B0 e AR 7R 22 K, 28 .0 8 B 3RR
AL T2 1B B 3R AL, T 2 3R OR B
B

a 141 ZHFER b 161 JZ MR
Bl 1 2B AL A oA OR B R

161 BLAUAH X F 141 AL, FHA i X 50 4 T
i 7 W3 SAL Z R 3G m 1 — AP A FR i
€711 = B 7 Y 1 2 R = ) S T A B

SIS A AN TR T A LS R A A
AU EFFSME RS M E T 6 X6 ST,
JRANTF Z A7 T 141 BERA 169 A0 i A, 1
161 BEAVA 241 A, 78 bR 25 VU A R 1 W8/ 3 4 5%
o7 TGN 25 APETAE ST . F P T A
H2 3, WK 2. HA RS . R fLEEE L=
0. 04 m; #ESARERE hy =0. 005 m; H AHRIEFE h,
=0.005 m; PLFA R E H=0.01 m; )2 EJEE
S=0.02m;IMWFHEER D=0.01l m; #KFLER
d,=0.005m, HSfLEME d,=0.005m.

S TSR Y X Bl R B B AT 4 B
ARG T = e BB ALY T 3k X S B A A e
SEE TOCHEAT T BUE AL T R AR B A X R

JI DA 7 1/8 BTk A BERL. JIP 1 rp = £
530 2 T R A Y DI AR B UL BT 3. Dl T A
FR U8 ST LS 0 L B I T JZ AR 1T B A TR A
L AR SRR AL L 3R AT LS A ) A9 A 0L
TAEVE AL T B9 U 3. th T R SR -

a 141 JZ AR b 161 JZ A
E 2 2k

a 141 2 MR
Bl 3 2T K R A%

b 161 JZ ARl

2 WM EFE

2.1 SLWHE

SR AR LA S ALK KA E R s
SSE A AT AT T AU/ KU L B A5
362 R T Sz 3R TE 5 4 Sy R ASORUIR L S  F
AR R A R R D A4 A

w4y, WA 4.
Al

Rt

WEAAEE T _— VA5 S i
ey H AL
o NN : N i ey
T — { e e
A A 8 i

DA LA

T
DR

B4 RS BN A



548 b5 it = it K K % 2% M

S5 A R A R XU B TR D AR AR AN [ 1 2
MR g 10 S22 A A0 D0 4 R R T R TR
PR AL T E M b O 0 S B LT A S
PEFER 2 T Ak SR P BE 7= 2 AR AR 1 1 0 T A7
HE—ER L FRAEEZ. TR IEARRES)Z
M 52 R THT 22 8] 77 A 5 i) 552 36 1) i S 4 3R L A 2 AR
0] T 26 A5 {67 FH 6 5 B8 90 AMORR 79 B A IR 57 L 32 A
it ] Fof 30 EL A o IR T AT s %) A i T Wi [l )22
M 32 ST DI RE. 8 T B Ak 5 G I AR 2 O R AR 32
PR B3k PO T TR B R O T R A% B
R S R WA A L R T VAR A W SRR A X T
Xof A A RS R O B A T 2 e R o S A
T3 2T DAAE B KRR B b 9 2 b J2 4 U 1 1 5 i

ARSI R T[] B 3 R A 4R B S O
. AE A BRI £ T 3 O A R B R IR B
158 EAR I #E P BRI R R
EH /N HERA L T BN A E 0.5m/s, [
T IA Sk 2 MR AR 5 5 T AR 45, D

P =P, (D
2y R RN RS YA Te =S N WA S 2 = N 0 E) DA SO
JnAs ), B

Pow =P + 0. 500 0ou 2)
T2 AR AR T 1Y %5 T oo FH R JEE 0, A2 3 3 3%
L7 R ) MAMOIRE I (DA H
i = Mow = Pout Vou A o 3
P = pouRT ot 4
WER=287.1]/(kg « K). TE15 5] 2 i< F
SREKEMZ2 dP" Z )5 - 5 7] 15 5] 9 A B A
R TR 2 Bl O 2 A2 AR ST T B AR Rk
F BB E AT Z 1) A I BEL R /N, R 1 B R SR
_m/36
o
W O RVRR B R Lo 2 A ik AL e R
04 m; p AU AE SR BE T /Y B 1 ARG &R

Re (5)

2o

TEAe A T7 T 7S 552 56 2R FH A L A1 A0 S 3t 22 0
T T A J2 A S 1 A — S R A —
RSB RO T R DR T,
Tow AZ M E T M EE I B F 2388 B T A1 T, s
TE SCEEAJZ B [ AP 23

TW:(TW1+TW2)/2 (6)
PR B 300 26 45 SR A5 2 2 AR A R P R K
Qy :ﬂ (7)
TW - Tin

. Q R M TT AR Y i P i s A M (E 1 2 T
T2 — A LTI SO W B

2008 4
Q=nic, (T, — T /36 (8
MV R E AR B ITAR B S48 B AR R, B
V =SL* D)
TE SCJZ AR T I 4t T4 5% ZE IR K
Nuy =% 5L (10)

Aair
DA R TR 5 B0 RV BOG 3R A IS H A,

T A T W0 S 5 925 02 A 52 30 v 19 7
BLIE1/8 T XA A 2 A RS
SROLFTAR - (H. 340 S50 10 I, O UE B A
FELER AR, Ry T A5 0 J2 B N s 9 0 » [) ol 2
B 1k S5 1 B KT TR A, SO R SR
T g1 A Ty L Al R R S RN R A [
FE— ARG B A B B R, JF LR 2 AR R
SHT AR,

2.2 HEWERENSA

SR FFY 10 TR A2 X A 23 Al R 3 AT ) A% ] 4
KL A% T fE W T BE R L B 1% .
0.4 mm. 75 BE [ B 35 . >R F b AT 78 I A 547 30 5
JE I ZBCh 3 )R R MR N 0.1 mm,
AFAR A 2 A% JEEBE L 51 S 1 <1, 3. O A% 175 450 T O [
3.

AR SCR T B TS 0 1 R 2 A D A AT
DL AR - [ e 2 I e 2 A 5 A2 TR M. 7 it i A5 78
J5 e B T ARUE ke HERY, [ LLRE I PR B, T 45
Terb " ARG (0 P BE T PR B BRI 1R
FH U b 300 45 A LR DL R 1 36 B S 6 ) L
RUT B0, 01250 R i T 2% 1 BT A S 380 1sF ) K
AL A RE T Ay S IR A R A S 6 S
TR TR B A X A S IR BN
0.25 W/ (mK). T8 R Y J 11 55 349 o4 %o Bk i
B %Ak,

3 HRAW

3.1 REZRSW

4l A 48 0 S 5 L AR B T A [
BRI EM E O R R 2 dP SR FE Wz
] A5G Z% , DL I 5. H I 8 36 19 0BG RTAT, 7E A
R E AR AT L 141 BERL ) B R UK E R T
161 BAY, W8 BE R 20 207 . BRI 45 3 5 50
HH2ZEAREF] 5% .

161 BEARUAR X T 141 AL, $t I A 250 34 m
T 507 . EEAEN B I oC A ST R G BN
RH 3 388 s AR AR SC ) A AN R] s ARSI 161
A5 AR (1% Gt BEL S /I 2 PR Ay 185 o g @81 gt A RS ) 1 %
ST SE R, B T U 3 25 # T B AR T



%55 B ORAE R 2 AR 549
O _a 14TRTHRE dPs =0.00091 X Re*"™ (12
8T _e— 161HISIH i A QDA 2) BE B R 400<<Re<<
TT & 1By 2600,

£0p e 3.2 BAMERAT

S 4f AR T T 4 40 1 52 30 0 0 L A ) T WA S0 30
3t A S TR 06 T B S 40 A A3 £
2t K 2 IR AR AR 28 (10) T35 B J2 MR 1A B e 3 5%
e SESRH R T IR 7. B T VA K, 8% %
O e e 20 e ad SRBCB ARG FE4 A T L 161 455750 (g 45 4

K5 141 Fl 161 A2 AR 5 40 2% Yo T 141 B8 MR EE R ME 5% Ao Aq . B vh ik 2 1l
TRV A 2 R [ REEDE T 161 B B A df
it K. (9 25 34 AP AR X T 52 00 8 468 1A 3 45 SR R /D

AR TE 3045 21 A9 TF 40 3 ok B AR 7
AL 2 [R] 1 22 5] L BT PN R 3 IR A Y P
87 225 i LR IR AN 6 BT 7R Ry T T LS T
B Z AR Bl 6a Sk 141 BEAL, 5B X 3809 A
JE AR Ry R bty DX, TE X B AL N T
R AR 208 A LAY U 2 A I AL AT 8 T P
B Lt 23 AR B AR BT U0z By i K B Y
S REFE I, FLK R FE B 2 U 1 W 1A 15 BE T 2 )
M 2 Yt 1A 45 3 A =2 ) DR 0 e A TE £ 7R 18D 6D
Fros B9 161 BEAY e, @0 AT BHL k1 AR 48 BT
U B4 B e O LA SO0 ST I Y Ok R T 1) ke
FAN R B 1807 /1y D R AR 1207, BT BB 555 1 9L
RHH L8] ) 5T U132 8l 98 T O B A 4k

b o161 fEm
6 141 A1 161 55 Py s i 2k 7]

MR &1 5 v i S5 il 2 X 2 A PR R AT T
A BB AD A A2) .
dPle =0.00086 X Rez‘% (11)

R BE R 290 307 A SCNHIZIRZM I KW EZ
— &V R BT RE T R ) F 5 LK
14 3% T AELRE B9 S B A7 O A I 22 991

4500 o 141BIm sz

400 —a— 161K SZEAY
350f
300F
250
200
150
100}
50

v

Nu

0 05 10 15 20 25 30
Re /10°
B 7 141 F1 161 BERL AR 3 46 455 98 /R 4K

MG R 7 iy S2 g 45 51 34T M R 48 B S
(CEIP
Nuviy =4. 37Re""™ (13)
Nuvigy =4. 14Re "% (14
A (13) (1) Y HIFE FEZE 400<<Re<<2 600.
T TR A 150 B T A S 56 T i TAROCR (1
250 A VBB 2503 AN THIE 25 5% L 4l
2o 7 O AOBORN R AR b B 2R T X I 4 A R AL
a, 78 T8, ot S 25 1 g U S il L 72 b
F R BETT 1) AR F O RO 1)L X T AORER
TR, =38 A G ALY o 4040 #0 = 7E b i
DI BSOMEL 55 vmn » SRS T R 2 M AT ZE P A R %
DX IR A L 7E AL 2 TR R AR s i 20 s o
R g LA (R 2 o0 A 2 4 L EL U2 D Dy DX 3 i AR A
JIN X R B TR A RS L X T IR A AT R
BB o 3 A WAR L FE T 2 SR T i — 1
mhifi X, o B L TE 8 % R S0 40 B B AR
JEAR G X Af 15 o ARG, 161 185 A 09 L 358 T 19 Jm
T AT A E] A R0 AT . AR R PR
Bl BT B R Z I AL HEAT vh i BT



550 b5 it = it K K % 2% M

2008 4F

AN B 5 A A B DX, PR T R A R OR AR 4
SR 161 AR T 141 AU P Jr A A T AU i T
8.2% Mo nh e i, S AN E UL A2, th T
161 BERIHE N T 40 WAL L e T M 2 18] A 5 BT
B, RIVHE 58 17 22 A v FARE 22 [ f) S BARE T7 . X
TR SR AR AR SR A X S A B R B A B T
il 455 ) 1 LR N A

ol (W-(m-K)™
1086

931
776
620 _
465 / = | |
s / \ A \
310 |/ Q ) /
i — ,
AR e \ i

al (W-(m-K)™)
1096

938
781
623
. 466
7 308

Ls0; ==

b 161 ZHuA R
B8 IR « 710 =Kl

HWRE 161 BIAIAT 2 TR A9 450 1 & A
AT R AR 2 A S L AE 2 iy T AR g B 3
SHR A PRI 548 445 A 5 B =0 T ) 0 B (B
N B3 3 e AL R B8R DR R RS A PR AR B B
e/ HE A, FLAKSE 3 R LA O TR BE.

4 & i

ARSCAEH WA 141 BYJE AR A S Al 7E A0 4B

PR R AL o B 7 B T R AT A % R )R
By 161 7. AF {ff FH 5 56 A 55 7 vk A 5 ot 141
161 P )2 MR A A 5 45 2 DL R 4548

1) 161 AUFN 141 B2 ARAH Eb L 37 34 0 w3
B 6% Dol 20 FH 408 W R 22E <R A L o i L B 8 20 41
AT LA /N A 3 BEL 38 2o 2 A PN R T T L R BE 5
Wb 20% fiA.

2) 161 FLRLH S 0 B P T AE AT DL ALE
PZAL R B o AR R X [ R RE T AT e
A 75 DL T 5 A A v P 6T I 0 A R B 5RO
B AR

3) 161 AEAUAE Py i e S T BUS Jn T 8. 2% 1)
T UL T o A TR I 4 PR 8% SE R B I T 5% KA,
HJZ O FE S 51 v 2 B A

4) L OAE 161 BRI 32 R AE TR AR A
RUSE T L gk 252 g i G it BEL A 46 FA 4 .

5) 161 &Y 53 4 78 Ui BHL AN 45 24 75 7 T X A
141 B AR, 5 T 4 0 04 HE AT 23 Al o 45 4 4
f14 35 Jon.

B %3 Hk (References)

[1] Nealy D A, Reider S B. Evaluation of laminated porous wall
material for combustor liner cooling [J]. ASME Journal of
Engineering for Power, 1980, 102: 268—276

[2] Mongia H C, Reider S B. Allsion combustion research and
development activities [R]. AIAA 28521402, 1985

[3] Essman D J, Vogel R E, Tomlinson J G. TF41/Lamilloy
accelerated mission test[ J]. Journal of Aircraft, 1983, 20
(1):70—75

[4] HBHAE, SRR, JBREH NG AR TR0 ]. iz %
#2,2003, 24(5): 405—410
Yu Xinhua, Quan Dongliang. Investigation of the internal
heat transfer characteristics of lamilloy[J]. Acta Aeronauti-
ca et Astronautica Sinica, 2003, 24 (5): 405—410

[5] Sweeney P C, Rhodes ] F. An infrared technique for evalua-
ting turbine airfoil cooling designs [J]. ASME Journal of
Turbomachinery, 2001, 122. 170—177

(REHRE K IF)



