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Abstract

This paper describes the results of an experimental investigation of the flow characteristics and the
heat transfer rate on a surface by interaction of a pair of vortices. The test facility consists of a
boundary-layer wind tunnel with a vortex introduced into the flow by half-delta wings(vortex
generators) protruding from the surface. In order to control the strength of the two longitudinal
vortices, the angles of attack of the vortex generators are varied from 20 degree to 45 degree, but
spacings between the vortex generators are fixed to 4 cm. The 3-dimensional mean velocity
downstream of the vortex generators is measured by a five-hole pressure probe, and the hue-capturing
method using the thermochromatic liquid crystals has been used to provide the local distribution of the
heat transfer coefficient. By using the method mentioned above, the following conclusions are obtained
from the present experiment. The boundary layer is thinned in the regions where the secondary flow is
directed toward the wall and thickened where it is directed away from the wall. The peak
augmentation of the local heat transfer coefficient occurs in the downwash region near the point of
minimum boundary-layer thickness. Streamwise distributions of averaged Stanton number on the
measurement planes show very similar trends for all the cases(8=20" , 30" and 45° ).
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Fig. 1 Schematic diagram of the test facility
(a) angle of attack of half-delta wing and shape
(b) heat transfer surface
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Fig. 2 Schematic diagram of calibration ‘apparatus
for local hue versus temperature relation
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Fig. 3 Local hue versus temperature relation
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Fig. 4 Experimental apparatus for the measurement
of heat transfer rate on the wall surface
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Table 1 Test condition

Boundary layer thickness (8) 1.3em
Displacement thickness (&%) 0.417cm

Momentum thickness ( §) 0.275¢cm
- Shape factor (H,= §"/6) 1,52

Reynolds number(Re; = U,L/v) 31400

Turbulent intensity 0.6%
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Fig. 6 Streamwise velocity contours at B=30°
w/Us = 0.6, 0.7, 0.8, 0.9, 0.95, 0.99)

Fig. 7 Streamwise vorticity contours at B = 30°
(w ¥Us = £ 0.1, 0.25, 0.35, 0.5, 0.55, 0.6
[1/em] solid line: positive value, dotted

line: negative value )
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Table 2 The uncertainty of Stanton number with

odds of 20 to 1

(0 Xi/Xi)
Xi Value JXi ®
100(%)
14 V) 0.12(%) 0.6
! 46(A) 1(4) 2.17
4 0.105( m?) 0.001( %) 0.95
P |1.2822( kg/m®)| 0.0111( kg/m®)| 0.87
Us 10( m/s) 0.23( m/s) 2.3
S(AT)  8.0(T) 0.33(T) 4.125

Total Stanton number uncertainty
J (5t)/St = 5.38(%)

33 MM I FTUYRE
Whazke] shirel M dAlE = wHe o I
YE2E 53 Zo| StantonFE UERH AT

o q
St = C U To=70) (2)

Stanton5=9] E 2444 & Chauvenet ¥ H85
Abemethy 579 Wz SfAsglm, 200 19
A FE A StantonT H&AAo] E dlolg
€ Table 20 “ERHAL, ¥|E C,= =W
el wizbetA @] wEel dAE Rew A4
ek EF A4TE (T,— Tw)E g

Fig. 8~102 7o) 20°, 30° , 45° o of o
H AAe EHEATE StantonT R JERA Aol
Aolrk. 28T StantonTi: HA StantonTF
10008) #A YEUYL, ¥ StantonFT AL
0.00015 7tA 02 BRIl

datol 45° (Fig. 10)d Wy A dYdd T
Aol Huge #E i dAYEYE HA
g, @dZbol 30° (Fig. 9% B¢+ X=10cm @
ol F, dZtel 20° (Fig. 8)% A%l X=15¢m o]
oA = e Hue F4 AT vEhoh
ol FZto]l FUEFE 45 oF Alelg 3
Aol F7tstER 9% AFhY Fgo] oafA]7)
ol d2o] FEsES A A F A9
A g S zZh= Fh dAEEEE UedA 2
o},

293

Fig. 9 The contours of Stx 1000 ( B =30° )
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Fig. 10 The contours of Stx 1000 ( § =45° )
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Fig. 13 Spanwise profiles of Stanton number with
B =20° 30° and 45° at X=20cm
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