W41 % 55 10 M=z =k Vol. 41 No. 10
2026 4 10 H Journal of Aerospace Power Oct. 2026

X E LS 1000-8055(2026) 10-20240806-11 doi: 10.13224/j.cnki.jasp.20240806

A2 (R E TR OB i S B AR R 5

k4N, £ EXF, AKIN, REEX"?
(1. P ERB2ERE BRI R SRS EE SIS, J65 100190;
2. FERBERE RS, JEE 100049)

i B OO A IR PR B 2 v 4 AR X R U BN 5 A SRR R S, B TR X I A B 3
W SE 5 &, SE 5% A 09 R 13 D 5.5~ 101.3 kPa, ¥t 3 7 By 0~ 13.6 m/s. X 80 38 645 0 B4R 7F 12~20 km
TR IR B R T MR B 5 R R P R AT T S R BB AT AT . 4 R R PR O I AR U A BT
100 fr) 15 8 P B A i A0, 8 T 2R 345 500K F 40 19 %% 28 IR B0 i 25, i FC 20 2% %% 28 IR BT 1 5 KA %A 25
K 72.4%. IR, A SRR BV 2 00 52 i, A HERC Y B0 I 5 T O X SR L R R B AR A 5K
A TN w22 i 25 5 HIE 500 SN T 4 B Tk o Sk, S TR OCHR SR, W AR R T K e A T A T o
Bk, IF 25 T RO S B R i, X R 4% TR B B R K B T 5 S 6 B 1) AR X i 25 1 7E 10% LA .

X H I MURIREL; ARSI B IER G BRI SIEREL

FEISES: V2311 XHkARERS: A

Experimental study on micro-channel bare tube heat exchanger in
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Abstract: To explore the influence of high-altitude low-pressure environment on the convective
flow and heat transfer characteristics of air-cooled heat exchanger, a low-pressure convective heat transfer
experimental wind tunnel was established. The wind tunnel operated within a pressure range of 5.5 to
101.3 kPa and a flow rate range of 0 to 13.6 m/s. The flow and heat transfer characteristics of micro-
channel bare tube heat exchanger at 12—20 km altitude were studied experimentally and numerically. The
results indicate that when the Reynolds number is less than 100, the existing correlations underpredict the
friction factor. And when the Reynolds number is less than 40, the Nusselt number is overpredicted. The
maximum relative deviation of the Zukauskas correlation for Nusselt number is 72.4%. Additionally, due
to the low volumetric heat capacity of airflow, the increase of tube rows significantly weakens the average
convective heat transfer coefficient, thereby increasing the heat transfer prediction deviation of the
Zukauskas correlation. Consequently, a new correlation was established, which significantly improves the

prediction accuracy in the low Reynolds number range, and considers the influence of the number of tube
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rows on heat transfer. The relative deviation between the prediction of friction coefficient and Nusselt

number and the experimental data is within 10%.

Keywords: low-pressure environment; heat transfer experimental wind tunnel;

micro-channel heat exchanger; friction coefficient; Nusselt number
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Fig. 1 Schematic diagram of low-pressure heat transfer wind tunnel experimental platform

=l

e =

s
\
A
S
Bl 2 AR X AR 256 £
Fig.2 Low-pressure heat transfer wind tunnel experimental

platform

25 ML 171 2 e e AN RS s 1, Oy 52 36 Bt
PR TR E B RUR, TR R A SRR, T Y
WSh/INF 1%, RS R SEge b, Ji s ik sh
INTF 3%, [ T 20 22 G 1 I S5 R e R o
PE, T U R ) A A E— AR R T
W 1] Vi R 0 A S T e A o 2SO R T o
W 1) AT SR R R 1% 19 20 BE3R (29 0.1 mys),
T A U S T B 7oK o LA A AR5 A i
S T SL6 - 5 n] SEER G A3 AU T L R S
5 10 B KA T 5 9 & 0.009 7 kgfs, 7F i il 52
59 H 1 5.5 kPa 1 T8 T e KU Al 3k 13.6 m/s.

0 AU A L %) 3 I R L 2 B i I LS
T % 5 A 0 s g, DT 45 ) 5 56 B oA i 36 3]
SIS PR R o R R EGE KR, R TR R
A L UE A B R FREE R VR A TE A SLEG B, FT R HE
KB AVTFRATH S THEALE &, S Has Rt
AN B gk, AT A AR A R T o i

5k AT A A4 A Y S 5 B R R ), AR S
TR AL R AR AR R E S R T +10 Pa N .

FEIEASCIR BT, R4 — B AT
BHAN EE B, N E S YA T,
KGTATE S # . T BRI 2 R W, A5k
5 BARAE I ST Y R ORI

Xof A% P 2R G A T DU e P | TR A
IIKAE, DL BB I FR AR R GE . R B0 2%
Shy M T ' A A AR, LRI PR K A R R LR
7l [l 283.15~363.15 K M 1E # K, 18 JE 3% 8h /N F
0.1 Ko 4l & & G243 & PT100 41 p BHIR B2 31
FE I3 AR 1% 4 . 22 e AR 3% 4% R RS FE B T T
KRG IR R RER S ) RAEBYR
PLC W] g Fi2 12 5 455 1 45
12 RBELERASE

AR S 50 I B 1) 25 V2 A5 RS Sy B T O G AR
ar JLRUA 4 SR O T 5% T Imm) RS RE 2
) HE A 7 AT DA Sk 2 0 5 s S ) 2R TS AR
U, AR M R RSN, R LS AT R T
BHEATINL, s SE ) I an &l 3 iR, HAE A
PR B A 4 s

P AR ARHES Oy SO0 SUHE, B8589 S50 1
Bz, e S BN 268 AR, 23 M i A AR
49 0.056 m?,
1.3 XIGHEE

S o R A A AR R RN FAOK [ i R 1Y
VA RIAROE o IR S T, 5 KU R G Ak

20240806-3



IR DA

%41

K3 OB Hds

Fig. 3 Micro-channel bare tube heat exchanger
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Fig. 4 Schematic diagram of micro-channel bare tube heat
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Table 3 Classic correlation of friction factor for flow across
tube bundle
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