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Prediction of Heat Transfer in Asymmetric Sudden Expansion Flows

by using the Modified Boundary Layer Equations

Myoung Seok Lyu* and Joo Sung Maeng**

ABSTRACT

This paper describes an economical prediction procedure for heat transfer

phenomenon through a channel containing an abrupt asymmetric expansion in flow
cross~seetional area.

Numerical solutions for the flow field are obtained by the finite differ-

ence numerical method applied to the modified boundary layer equations.

Modified boundary energy equation is used to analyze heat transfer as

modified boundary momentum equation.

1.

Predictions of the method compare very favorable with exprimental data.
Results of this study by modified boundary layer equation are as follows:
The computation time required for the scheme is at least an order of magni-
tude less than for the numerical solution of the full Navier-stokes

and Energy eguations.

In laminar flow, the maximum heat transfer occurs downstream of the reatta-
chment point.
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NOMENCLATURE A gm glon AEA 52 D AV AHol 4
o] ddw & Aol A3t o] BA AT vt
Hi : Channel inlet height (m) B AT f2rt ulg AR or Fas
Ho : Channel height downstreamof step [m] L 2/ 58 G5&d At AASF $AAS
: Step height AL 27 B AA 24 W) N dAEE
k : Thermal conductivity [w,/m°C] AL mAste 7| E& A g vz sk
Pr ! Prandtl number I&F G52 4$E W Aung & Goldstein™?
P : Pressure (N,/n?) of el Pae Fuste vy, FH F W)
Res : Reynolds number based on the step Ao dAd=w AL AdA o7 01—7-0]-91 oo
height - chelo] ZA7] 849 Uzel el AE Zamanick
T : Temperature(°C) & Dougrall ¥ 5¢) ‘=3o) glek. 32 434 7]
T-  Fluid temperature (°C]J ol UF BHl 8 Tldld e §EL o 23}
Tw : Wall temperature(°C] Lol 28 JF7 Sz Qo o] ASdn
U : Nondimensional X component of velocity o g go] dojytz U A EFA —\'_"—5\_}
# : X component of velocity(m, “sec) 23 4L gl
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v @ Kinematic viscosity[(m? sec] & Wol Ao 32 Zo]E Full-Navier Stokes
¢ : Density (kg f) SR L ool 9o Ao wmste  FL
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¥ . Stream function[m?‘sec) B o Fo|Al = o] Flare 7}AE ZAAZ o
C, : specific heat (k] kg°C) 2] AR AT A L3l o] EE4(Re,)204
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Table 1. [(Ax )= Streamwise step size ]

S |H/S Us | Res| P, 4 | 4 | Ax
0.0127) 171 0.31] 233| 0.72 0.0042
0.0064| 34| 0.54| 204 0.72

0.455{ 0.15 | 0.0021
0.0064| 34| 0.47| 178] 0.72
0.0038] 50 { 0.59| 132{ 0.72
0.0038}] 50| 0.9 202 0.72 0.00124
%
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Fig 1, Sudden expansion geometry
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(Table 2) (VAX;VMS)

(step tfeight) Re, C.P.U. time
0.00127 233 20 (sec)
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Fig.7 Typical axial local heat transfer
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