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Calculation and Experimental Study on Working Envelope of

Airborne Heat Exchanger

TAN Gongli, WU Xuequn, LU Jian
(The 723 Institute of CSIC, Yangzhou, 225101, China)

Abstract: The air-liquid plate-fin heat exchanger for aircraft environmental control is provided with circulating
cooling liquid on the hot side and stamping air on the cold side. Its heat transfer is closely related to the flight
height and Mach number. In order to determine the working conditions of the heat exchanger to satisfy the
heat transfer requirements, a method for calculating the rated heat transfer work envelope is proposed, then
the parameters of the heat exchanger are calculated and optimized, and finally the work envelope and the
structure of the heat exchanger are obtained. The vacuum chamber test is designed by selecting the typical
working point on the working envelope, the heat exchanger performance is tested by simulating flight height
and speed. The experimental results show that the heat transfer of the heat exchanger at each working point is
3.2% different from the rated heat exchange amount, and the results show that the calculation method of
work envelope is feasible and accurate, which can provide reference for the optimal design of similar heat
exchangers and the calculation of work envelope.

Key words: aircraft environmental control; airborne; plate-fin heat exchanger; work envelope; vacuum

chamber test

B 5 B A8 F 350 A 0 I T BOR Bz T R
R A I E R B AL ) R R TRBLER SR 4
il TP — A S )RR X T TR A, G A
AT BRI, Z BB R T IRAR R RS, B
BRI i e s A O BT AE e B R 58 A

I f5 HH:2018-06-03; 81T HHE :2018-11-18

AT S B v H R T 2 L T R A
TRAH) . TEWI R G0, B A R T A B
SIS S B 5 T AR S A T
BUK S0 5 (e AR 3, 7 BLAR B B ) 1
B

BIEESE AL, B, TR, E-mail : tandymacnuaa@hotmail .com

SR RN, RAEHE, 7 ML A TR 3 B B T 5T [J]. 3 1O 28 i K K 2225 41, 2019, 51(3) : 410~
416. TAN Gongli, WU Xuequn, LU Jian. Calculation and Experimental Study on Working Envelope of Airborne Heat Ex-
changer[J]. Journal of Nanjing University of Aeronautics &. Astronautics,2019,51(3):410-416.



55 3 1]

FE] A A1 3o A A R 25 ) T 58 T 20 142 30
RN, HATE AT IO B ) A, AL X e g 1Y
vt 5 E Al DL AR A L e B 1 o A
FRV/IN A PR w8 ) LA T 1) A W i R0

SR, X T AL A3 i P Vv P48 2% 498 P A 4
PRI TAR 2 AT, B AT RAEAT R B XTPERY
WF9E o AR SCHE T [ P AP i B e B 1 fE DL 1E
THAE 7 T AT ST R A 3 — e g B A AR
TAREZ& R Ir k. Bl TR, 2T D
R RS KA T R R 0 B R R s R A
SE e i BEOR A9 B LA R, & 2 A L AR
e PERE MOE FVE I 2 S8, TARR LR
AT B R AR AR CRAT U ),
Xt EEHL AT LA A AT T B A 2

1 BRARITEEBEHERZE

ARSI v e WAL 28 A 2 2 8 A e B4
Vo 100 O b e 2 A, e i A O AU R A B
K, 5 B B A 2 v TR AT A S e, R R TRLUG Y
CHIW R T . AR 0] TAFERREL )
AT AR I B AR, HL A B R A R4
AT L LR B RLIARE ) R, L B N A [A] HE R
BEL FR ], [] Fof 3 2 T 1 T P P 20 R . R 4 A
R UE e i AR AT TS 15 BIHL B A AR
B AR 25 A, 0T 4 B AR 2 0 R Ak, 75 30 I FOR =
KA A TAEGLZ
1.1 #SOSHITE

BERC T — Ui 5 e PR SN 22 ek 22 A, —
Ui 2 CHLAR S, b e 23 SOMCHE S 10T AiE o s kA 48 AR

I3
TR R R R 5 07 0
AR,

k/(k—1)

pzx—ﬁp;—c?pw(l+k;1Ma§o) (1)

SR T
r—1

Ko b B R 28, 46 3 0 R AT 4
Rk AL s F bR oo "R SR 7 Sk Wit 5 E A
PR IS EGpERTE T TR R E s Ma R
R RATE M po RFH O O LR TR
SR

AR HE AT O R R R0 R R
(3)—(6) 35 i i #A 58 0 45 42 3 MK i 4k g, L
R EE T, i D& o,

AL 4 LR TR R R 5T 411
S + 0.2Ma>
"N 1+ 0.2Mal (3)
Ma,, =(0.3~0.5) Ma>.
T
T,=T, =——> 4
’ 1+ 0.2Md’, (4)
_ Da
02= RT, (5)
1/2
— P Po (6)

2[.( C/‘.iLz'/Di + 51’)/2(01'A12

X2 C Ly, DA i) Ry it SORGE R SE 3 2598 11
FEVERH ) 240, B K 5 HAR AN S8 Asc i
A8 1 CHE ST G 3 TR 5 o,k EARKGE AR
45 V8 3 BHEA Y S U B 5 po M HER S AR
BE R 7, 2 AOHERE R A, W po=p.. s May,, Ma., 7
1) S BT R T T TR
1.2 HBMBFBERITE
1.2.1 #HAEABX

o B AT BRI, B 2 AR
AH A FEAE B, M T T B Re X IR 8 Pr 8 26K
B Nu AL 7 j B R B B s AP DL RO
P A e = R/ /(1

A ¥
J=StPr** =f(Re) (7)
7 HH R R
a
St= (8)
g/Cp
SLA IR
C
Pr= #r (9)
A
R
d
Re= 8% (10)
M
55 IR
Nu=0.662Re"* Pr"? (11)
JEE 2 ZR A
Inf=0.132 856 (InRe) — 2.280 42InRe + 6.796 34
(12)
Wi sl BH Ty (2% a4t % )
_ L 5/2
AP =4f 4 2. (13)
X 37t 48 34 2R 8K
Nul
a= p (14)

Ao g % A i I A T A Y BT A, kg/
(m*es);a HXF R AR RE, W/ (m*K); Cp i E T
WA, T/ (kg K); 0, 0P X RAK % B kg/m? ;2
FREE,W/(m-K);p A IR, (Nes)/m*; L
FRE K msd, SR A, m.



412 Moa o= Wt K Ok F o R 51 %
1.2.2 RAgHE e= 1 (1— exp{*g [1—exp(—NTU)J(18)
T 04 3R TE R B R L IR §
B R RE TR A 3 R W e
1 1 1 5, g =eW,(T),— T.)=eW, AT, (19)
a N 77 F/(a 77;F,;C(; + FrA (15) itl:'j Wminmeaxﬁ%IJﬂ‘jEEi/J\ I?E_‘j(ﬂ(éli W/(/
KA, @ i B B RS M e w3 TIFERERE

IFRE, W/ (m?°C )5 SRS R B 5 9 TR
IR 220 S I s | s R N S B N K e
R, m®; F o B AR R T A, m?5 A, F AT 44
ZH,W/(m+C),

1R R IT AL

HLEE 1 23 A3 -1 R e A 2% 3 IR A2 AN T
AT B, B IR R R R SRR S [ H 4 A
WORTE] . e e et it TAE 2k - e g 7 R
[P QAT o B Nl B e R i Y AT E R AR
R RAT i B S AT S R L .

BIINET —Fpa s Fioe e T/ER L

NTU=,A/ Wy, (16) g5y sk MR < A5 AT AP R L LA AT H
AL AT TR R Ma ik SR B X O R 3 g A
E= W/ Wi (17) A 64T B L R e AR 1 e/ ek 647
AR R A B B 1 Ma-H T AEf2%
[ MR ET,. IR JIp,. FAEI% D, |
H=H+500

f
[ wfEH, Wi, 5k, |

i
[BEFBAABE: N BB, K UE i, KR,

THEZESM. WAENRe, Nu, Pr, j,

{ ] FEBER T, Stﬁﬁﬁ#&#"?‘ﬁ(a
| %/J\_UTE*JM%ZM%M |‘—Maml,,=Mam;,,+0.001 Tﬁe#@%ﬁiﬂhﬁq
— Bk $ 47 5 BiMa,,~Ma,, |
Ma,, =Ma,_+0.001 ¥ @
[ KABERT. BEp |
)
[ BEREZE¥e | frﬁf%ﬂ%d\’%ﬁfﬁl
A OH O Ep, #iEp. SIET;
| A p+ P |
[ #2033k ORI H O D #$Ma, FiMa,, |
¥ ﬁﬁf%ﬂ%kﬂaiﬁk%&
[ #AR DO ORERA AL, |
1 H<H, Y
[ A O, HMRET. HO%E, | =
* N
B s s, BAmiTR, He [z Lo

BT et BUE o i TARR LT R R

Fig.1 A method for calculating the rated heat transfer work envelope of heat exchanger
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Fig.2 Effect of fin form on heat exchange
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Fig.3 Influence of flow number on heat transfer
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Fig.4 Heat exchanger structure
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Fig.5 Calculation results of heat exchanger work envelope
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Tab.1 Test feature point parameters

s RAT R /m i E Ma KA/ kPa MR “URE/C o R R E /kPa

1 1000 0.35 89.8 37.8 93.9

2 1 000 0.50 89.8 44.3 102.3

3 2000 0.65 79.5 46.2 101.3

4 3000 0.35 70.1 24.5 73.2

5 3000 0.75 70.1 46.1 97.7

6 4 000 0.82 61.6 44.2 92.0

7 5000 0.35 54.0 11.2 56.4

8 5000 0.88 54.0 41.8 85.8

9 6 000 0.95 47.1 40.3 80.9

10 8 000 0.95 35.6 25.3 61.1

F2 HBEER
Tab.2 The test results
Z5 S 2 2 4 AN 2 5L
B s ‘ i HA J&/ﬁ FHEL ﬂi(& &(& TZIS%R -
P9 EE/m e G/ kA JE oIS S8 i B2 R i
a Q/W
(kgeh™") ps/ P/ T,/ T,/ T,/ T/ qv/
kPa kPa C C C C (Lemin ")

1 1000 0.35 1115 93.6 92.7 37.7 51.3 55.5 50.7 15.2 4 209
2 1 000 0.50 1486 93.9 92.0 44.7 54.9 54.1 49.3 15.2 4 209
3 2 000 0.65 1666 88.4 86.3 46.4 55.5 55.5 50.7 15.3 4237
4 3 000 0.35 600 70.9 70.6 24.5 51 43.2 38 14.8 4440
5 3 000 0.75 1558 78.9 76.9 46.3 56 54.8 50 15.2 4209
6 4 000 0.82 1457 70.7 68.8 44.2 54.7 53.4 48.5 15.1 4268
7 5 000 0.35 445 4.7 54.5 11.4 49.7 39.1 33.6 15.0 4759
8 5 000 0.88 1335 62.4 60.5 42.3 54.2 51.2 46.1 15.0 4413
9 6 000 0.95 1333 56.6 54.8 40.2 51.8 50.1 45.1 14.9 4298
10 8 000 0.95 762 39.9 39.2 25.3 46.7 36.6 41.9 14.9 4 556

el g A i i RS TP s e M OR DR 28 R R O RS K 2 M 22 120 Pa, 6.50;
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