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Evaluation of Heat Transfer Performance of Airfoil Heat Exchanger by
Inverse Heat Conduction Method
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ABSTRACT
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ITO Yu NAGASAKI Takao

The invention of airfoil heat exchangers has led to the development of light and compact intercooled and

recuperated aviation gas turbines. However, the heat transfer mechanism in airfoils has not been clarified. To explain

how the mechanism works in airfoils, experiments were performed on a cascade of three airfoil heat exchangers

installed in a subsonic wind-tunnel. Based on previous experiments made by NACA, airfoil temperature distribution

data were obtained. Then, to estimate air Nusselt number, inverse heat conduction method and the method of least

squares were applied to the experimental data. The computations of inverse heat conduction method, which is a quick

and effective way to estimate heat transfer performance of airfoil heat exchangers, were validated using the results

of the experiments. Finally, these estimates were compared with results obtained through computational thermo-fluid

dynamics, validated by the same experimental results.
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Fig. 1 Schematic of an airfoil heat exchanger system using a

{

Cold air flow

Airfoil heat exchanger B

heat transport medium between a hot and cold sections

Inlet airflow
directio af T
L s SR, FOOO T

a [14.9°
B 45

s| 15 /oo o \\\/
L /“‘J...r.
Thermocouple T; >
o Outlet airﬂ%.
Solidity o=L./Lg direction

Fig. 2 Cascade of airfoil heat exchangers

2. EREBH SJUEREMSF

AEFFETIE, HRIGEIR Y AT 4 & U CHEMERE & i
HEWHER & L - BRSSO 2255 HIVERE & 2B
WZERA L 720 AR BASHAZHIT NI BRI 2 A L
TWb, X512, BAEICIZAEST D FE S BB RN
HOMEEZ FHI L 72, FEBREESE OFMITSE SCk6)IZE
WEINTEBY, KEHL T Z LLTIZE T,

2.1 AR

JRGRERIC & 0 VR L 72 2R S tb 2 2 1 1R,
MBI O B H O 22T & BT 5 720, 1B 0 JEN 2
&7z, BRI G ERR T fE e T T 2 L,
J AN E YIRS, FrE0BR/inE BT 5. K
WRTIFIFEAF—VORBEZHHTLZ LT, &)
L7-NACAYDRERE L 4 ) VA B EGbEDD, Fk
DIEMHBEN & FRED~< v N E (04~ 05) 2L 72,

Table 1 Air test conditions

Reynolds number Reur 29~ 34x10°
Mach number M 0.37 ~ 042
Total temperature  Thirtotin 350 [K]

2.2 BERIBTIE
RN BAZLE DR ININACAGS-(12)10% FH Wiz HiZ
AF v L ZSUS304% I THEUE L 720 FEBS O 1T i %
HEOMEIZFF¥ v EETH 5D, SUS304EZAE T
MOBYZEENL6 W/ (mK) &, F% &4 (20 W/
(m-K)) M- EzHEO-ORESN, BHEE
L4344 mm, FIEIZ28 mmTdh b, K 2 IZAREETHE
U723 2R S, BIBRIRIRIC X A OB B
BRI R BV o), HREOARBIEIERE L, B
PIERIZIE, A28 HIIC 5 AD31 mm® BB L% Bk
L, A 3mmOEHEERT AT Y VAN, T2HFA
L7zo BN TIIREMEEREER (15W/(m-K)) T
W LT T/, BASVHFIHLEIGET 2120
0.6 mmDIEE R & BAEEBITEK Lze £ 2 ICEE
05 mmOKE D ¥ — 2 #EX (JIS2#H%) ZMHAL, &
BAZE A A (15W/(m-K)) T E L 72. Agilent
Technology® 57— % 1 % — 34970A % F\ CHLEE 2 31l
L7z =70 =28V T, BENFHINE—-FZHW
br, BEEZ05 KThb, €T, BENFHIE—
FiZHE§, =2y —oBEFNE— FZHWT
FHI L 720 BARAYICIE, BB ST B E L 72
BENTUCE L CRERIEZL, &K, 7—
FaHN—ERELEDT, ELWRELTFT—Fah—o
WMHBEBEEKIE L7z ZRUSNOTXTOREITEE
WTIE OEHEEZFT— 0y —ICCEHII L7 2h
XY, XY ERELEEE- FCEBBEZHETE
o TNHICHMERIERIGEL, K£HBEPL, 7—% 1
H—D#EDEFDOT, ELWREETFT—5ul—oifih
BEERKIE L7z SORERIZL D, 4 OB ITHT IS
L7zr—2uah—olJEEDITLD X IFEEICHE L
T=0025 KUNTH 5B Z L 2R L7,
2.3 ABRERATL

SICHIIEBR Y A T LW &R o HiBIRE Sz
B - FEBMIE LY VDV AFAIIBNTIL, B
BRRCO 2 L LTREL TS, LAL, AERBRO
WIIRZ R L7z KIS o Z 25 8RS CO. &

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



316 WHARBEEATIC & 2RI ER DR B RERT M

HEA#AR2-EZER0

DS EELTWD 0, R OIEEERE %2 IEELC
T2 ETHELTWAINSTH D, BlEHEITS ¥
N—F HE S N FEBRAR Y I X VRET 5 2 LT
&b, EHR 75V =Ry T2V T, SRR
V=T IEREZR LA EICE > THEI SR, HAD
fL1E T10 MPalZHERR L 720 WlEiE, Hhoto BB as i
WOBRBHY LRIFRICT T, W3 IWRTUS — V0%
HTBHHEINITFASNIZ S RKDRT VL AL THE G
N5, Tz, BMBAHIEO AT & NI EGER 2
Al L, SHEA TR Tregin & BTITRPE Tregou 2 M5E L 720
F72, R2IEBOERSEM R,

2.4 BLABEBTOEMMcESE

BRI BASH R I TR & AT 0 b 37 e BRI S 24
REHAA (15W/(m-K)) ZWMizd I ETRELTW
%o BLEGHEOBRMICHEERPEEIH- SN TWD
ZEDNEFE LAY, EBRIIEEAMNRA LBYRER)NE L
CIKTT 2, 22T, FBR & B ABRNT (CTFD)
O THRBIRESRZ R 72, BRI, BRAD
D=y K, A, MOFE, SiEo AORE, #Ho

@ Thermally
insulated tubes

Pressure sensors and thermocouple to
measure total pressure, static pressure,
and total temperature of inlet flow

P, ref]|
Differential
pressure guage to
measure flow rate

o
s a
£
£
[
Plunger pump Recirculation pump Thermostatic bath

Fig. 3 Refrigerant recirculation loop

Table 2 Refrigerant test conditions
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Fig. 4 Calculation mesh and boundary conditions for the inverse
heat conduction method
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Fig. 5 Heat transfer coefficients around airfoil heat exchanger
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Fig. 6 Computational grids
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Table 3 Mesh of each domain

Domain Mesh
Compressible air (fluid) 85,258
Airfoil heat exchanger (solid) 44,721
Adhesive (solid) 3,764

Five refrigerant tubes (solid) 11,930
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Fig. 7 Comparison of pressure distributions around the airfoil by
NACA experiments and our CTFD for validation
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Fig. 8 Comparison of experimental solid temperatures at
thermocouples with CTFD solid temperatures at the
same positions
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Fig. 9 Temperature distributions of an airfoil heat exchanger
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Fig. 10 Temperature distributions of an airfoil heat exchanger
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Fig. 11 Comparison of recovery temperature from pressure
distributions obtained by interporating NACA data and
CTFD with adiabatic wall temperature obtained by
CTFD
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