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Abstract: The mathematical model of the wedge flow laminar boundary layer with wall
injection boundary was established. Based on this model, the similarity solutions of dimen-
sionless velocity and temperature distribution in the laminar boundary layer were obtained by
solving the ordinary differential equations of the dimensionless stream function and dimen-
sionless temperature. The ordinary differential equations were derived through similarity
transformation from the partial differential equations describing the flow and heat transfer of

wedge flow laminar boundary layer with wall injection. The curve fitting of dimensionless
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Runge-Kutta method was used to solve the ordinary differential equations of dimensionless

stream function derived takes into account the wall injection effect of cooling gas.

stream function and dimensionless temperature in order to analyze the variations in the di-
mensionless velocity and temperature distributions in the wedge flow laminar boundary layer
with wall injection with changes in wedge angle, blowing parameter, and cooling medium
temperature, The results of the dimensionless velocity and temperature similarity solutions
in the laminar boundary layer of wedge flows with wedge angles of 0°, 18° and 36° show that
both the velocity boundary layer thickness and temperature boundary layer thickness of the
laminar wedge flows with wall injection enlarge with the increase of blowing parameter and reduce

with the increase of wedge angle; the boundary layer temperature gradient near the wall is larger

with lower cooling media temperatures, smaller blowing parameters, and larger wedge angles.
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Table 1

Coefficients of the curve fitted dimensionless stream function in the laminar boundary layer of

wedge flows under different wedge angles(0°, 18° and 36°) and blowing parameters

B¢ AR =0 £=0.2 £=0.4 £=0.6 £=0.619 £=0.8
a 16139 — 2887 — 13358 —2777 0
0 a —2935.8 —1255.8 836. 6 712.3 0
a 36. 89 94. 94 56.95 —22.83 0
A 26321 9404 —5188 —10828 —9156
18 a —3119.4 —2331.7 —0.7275 604. 5 1099.9
az —55.2 46 67. 85 39.17 —21
a 35244 21898 6448 5705 —9045
36 @ —2917.5 —2980. 4 —1923.8 —486 407.1
as —159.73 —23.41 38.62 44. 41 26. 37
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Table 2 Velocity boundary layer thickness of laminar wedge flows with wall injection when Pr=1
and differing wedge angles (0°, 18° and 36°)
B/ (%) 773
=0 ¢=0.2 =0.4 ¢=0.6 ¢=0.619 =0.8
0 4.92 5. 78 7.16 12.12 ©o
18 4.52 5. 14 5.94 7.04 8. 64
36 4.18 4. 68 5. 30 5. 96 7.00
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Table 3 Second order derivative boundary of the dimensionless stream function in the laminar boundary layer of

wedge flows under different wedge angles (0°, 18° and 36°) and blowing parameters

JO))
B/
=0 £=0.2 £=0.4 £¢=0.6 £=0.619 £=0.8
0 0.332 0.1956 0.0809 0.0033 0
18 0.4257 0.3005 0.1967 0.1208 0.0762
36 0.5117 0.3916 0.29 0.2104 0.1538
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Fig. 2 Similarity solutions of dimensionless stream
function in laminar boundary layer of wedge

flows with wedge angles of 0°, 18° and 36°
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Fig. 4 Similarity solutions of first order dimensionless

stream function derivatives in laminar
boundary layer of wedge flows

with wedge angles of 18° and 36°
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Fig. 5 Dimensionless normal velocity & profiles in
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different blowing parameters ¢
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Table 4 Thickness of the temperature boundary layer of the laminar wedge flows with wall injection
withwedge angles (0°, 18° and 36°) when Pr=1
° 7761
B/
=0 ¢=0.2 {=0.4 £=0.6 ¢=0.619 £=0.8
0 4.94 5.8 7.18 12.1 oo AT
18 4.68 5.34 6.18 7.28 8. 66
36 4. 46 5.00 5. 66 6. 44 7.34
13 04
Al —— 1y I —— Pr=1
12 n, 0B fd 36°HLIEff P07
Hr 0B A 36°BUE M
10
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;
6 .
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36°HEIE Ff
4 1 1 1 .
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Fig. 13 Comparison between thickness of velocity
boundary layer and thickness of temperature
boundary layer of wedge flows with wedge angles
of 0°, 18° and 36° with different blowing

parameters { when Pr=1
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Fig. 14 Relationship between local Nusselt numbers
and blowing parameters ¢ in laminar boundary
layer of wedge flows with wedge angles of 0°,

18° and 36° when Pr=1 and Pr=0.7
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Table 5 Relation between Nu,/+/Re, and blowing parameters { of laminar boundary layer of wedge flows with wedge
angle of 0°, 18° and 36° when Pr=1

5 Nu./~ Re,
=0 {=0.2 £=0.4 £=0.6 £=0.619 £=0.38
0 0.3322 0.1958 0.0810 0.0032 0
18 0.3563 0.2270 0.1215 0.0485 0.0122
36 0.3778 0.2519 0.1484 0.0732 0.0282

Fo6 L Pr=0.7 8, EBEAA 0°,18° 36"AKRFXERIDLFR Nu./VRe. 5§ ZHEEHX R
Table 6 Relation between Nu./+/Re, and blowing parameters { of laminar boudary layer of wedge flows with wedge
angles of 0°, 18° and 36° when Pr=0.7

e N /R
£=0 £=0.2 £=0.4 £=0.6 £=0.619 £=0.8
0 0.2927 0.1906 0.0959 0.0091 0
18 0.3130 0.2173 0.1335 0.0671 0.0249
36 0.3313 0.2387 0.1579 0.0927 0.0463
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