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Experimental Study on the Measurement Method of Heat Transfer
Coefficients Using a Transient Liquid Crystal Technique
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Abstract

Heat transfer characteristics of a pair of longitudinal vortices using a transient liquid
crystal technique are studied experimentally. In order to control the strength of
longitudinal vortices, angle of attack of the vortex generators is 20° and the both length
of space from the centerline the vortex generations is 25mm apart. The heat transfer
measurements using a transient liquid crystal technique are made to provide the local
surface distributions of heat transfer coefficients. The following conclusions are
obtained from the present experiment. When any vortex generators are not set up in
wind tunnel test, heat transfer rate is low respectively. However, with the vortex
generators of rectangular winglet type. the heat transfer on the local surface can be

enhanced.
7l Ts @ flat surface temperature
¢ : specific heat of air [J/kgK)
T : temperature {C) h : heat transfer coefficient (W/m’K)
Te : fluid temperature k ' thermal conductivity of perspex
Trmax - maximum inlet fluid temperature (W/mK)
T, : inital inlet fluid temperature t © time (s)
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Fig. 10 Local average nusselt number distribution contours on the behind surface of the
winglet aligned with the flow.

Nusselt number

ORI WS S [ VU SO S S [N SUNT S S W U TN S )
2 -50 0 50

Y(mm)

Fig. 11 Nusselt number profile of spanwise
direction (x = 55, 110, 165, 220, 275 mm)

Nusselt number

113

M
"l BN SN USRS ATOVEE NN SRR G

50 100 150 200 250 300

X(mm)

Fig. 12 Streamwise distribution of averaged
Nusselt number on the measurement planes at
each time.

(587)

Fig. 95 Zt A zdel oig vperdojAe] H7 &
L Rxo dg €dd9 BEXE o] velz 9l
Tk ZF AlZke] wE ulerd A9 HEF e EE
AlZbol whel F7hElE v Ha EdAY B
X A9 dAS & el Aok T8y oF
0~5& Atol9] H# Nu F7F dA% gg #A3
A Z31 A JerdE olfF Fig. 79 344
std 25 FHM AN HA dPAHge} 0|27
ol ZA4e] 0~5z AloJofx] ol AR
o] 9atE vER X, o]#F 2E A% 2
F2 H Nu F7F 43% 38 Fx57 &3
w4 et sl

Fig. 102 o5 A7) &7 vigdoAe &
g BE2E A AL dddM AFE 95%9] &
2% HA dol AelH, ol FHE F
(Nusselt number)2 Z3H3RT. B 439 2
2 Fig. 112 f5wael oigh vidbde] 7+ @
HefjAl FAE & ey lod Fig. 128
Z gl MY Ha ddg AEE e A7
A e ok OgelM BRE At o)
AZEel Aol wE e Al e A9 o
AsA FAHZ A}, o él’ril‘?—ﬂ uhehe of] A
o vwd HEG Hg €AY AFLE 7L 5
R, & A3 2128 95 ‘ﬂ”§7l & gt
Helxe] drg A7t dAsA FRES 39

2 % g9t

r]r

1
kel

)HN &

SE WAy FRE DS w2z
Y RS 343 FATS RAF D ok ol



25.0

X[em]
»
o
(=]

15.0

10.0

xll"\!\r‘ilt‘

Fig. 13 Contours of non-dimensional temperature
for H=20 mm®

3L 1€ A7 444 Fig. 133 A9 4A 5

I R= A

5 & =
3
7] 9

&%
)

A7) FF whERdAe ddge %
stod Shegele) §Y AA L= o
QRN GEs 0o BEE AR,
4geln sEyeel §9 44 LTE
Aske] M4 2AAL 8% 7tD AXE A
£ #4) £F JA3Ul AP ¢
St gesE 499 1
ARk, 4714 FeH
R EGLE

7] T o
T8 £ AU, oA

5

]

NlO o

o
ne

N
=

s

iE
ol
=
I
LI
oL

>

3

=
=

1K

op
ol
ok

z ¢ 4 3R
mlo
o

off H1 o2

# 4
; ek
A
=

™, oi

o ™

oft w2

Al
7]

o)

=7

o

S L PR

=

—

go o mT X 8 o o

o

(Y

e Ao A9} FAFE AT
AT F ALt

T
o
=

m{o o_‘>:, o; TR S

LA -

(1]

(2l

(3l

(4]

(5]

[6]

7

(8]

(588)

o] 7)u
References
g % o9 upbabE | 1999, Rsd 25
B2 o] &3 g gAY =X I NA L

=¥ BA, #2349, A9E, pp. 1121~1128
Yoon S. Sim, and Wen-Jei. Yang. 1987.
“New performance-evaluation analyses
on heat transfer surfaces by single-
blow technique’. Int. J. Heat Mass
Transfer. Vol. 30, No. 8, pp. 1587-1594
P. F. Pucci, C. P. Howard and C. H.
1967. The
transient testing technique for compact

Piersall, single blow

heat exchanger surface”, J. Engng Pwr
89, 29-40

Ireland, P. T., Neely, A. J.. Gillespie,
D. R. H A J.,
?Turbulent heat transfer measurements

and Robertson,

using liquid crystals,? Department of

Engineering Science, University of
Oxford.

K. Stephen, 1959. Warmeubergang und
Druckabfall bei nicht ausgebildeter
Laminarstromung in Rohren und in
ebenen Spalten, Chemie-Ing-Tech. 31,
773.
Gillespie, D.R.H.  1996.
internal cooling systems for gas turbine

blading. D.Phil thesis,

Intricate

University of

Oxford.
Ireland, P.T. ., 1987, Internal cooling of
turbine blades, D.Phil thesis,

University of Oxford.

S.I. Kwon, J.S. yang, and B.K. Lee,
2002. The Experimental Study of the
the
Temperature Field and a Boundary
Layer Due to a Variety of the Height of
a Vortex Generator. KSME paper No.
26, Vol. 1, pp82~93.

Interaction Between Flow and



Fz 4A JHg o) EHY A 47

AFA| (RERAE)

19614 1Y, 1984 PAEE It
et 7IAZsR Be 1969 Sohst
o Z(upAh, BA FATED A7)
soiTa Meloe TEEl 3

4>
E
ox
Jric
2,
r R,
ot
D2
e
2
927
-

EHE (AHE5R)

19700 8HM. 19979 RAICHED
7| ABeE EY. 19999 Sci st
EU(MAD §R| SAYST T(AA
AR ABtel M ME] MYHTE

35| (Bp#ERD) o7[Y (Fiea)

A 1ol BRI 1964 MStHstm 22
b Zgl, 196841 ZRU skl Z(A
AD, 198361 Echstel Z(9AD, 199143
- logoE SAliEm BRCHE S48t
o2 19709 - SA BAED 3
sjchst 7| AR T gt

. 2003 FaHHEw J(A
CHEtR ZEA(MAD

oy 19

g

ok

18

(589)



