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Fig. 2 Eigenmodes and realizations of the stochastic boundary condition correlation field
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Table 1 Mean Nusselt numbers and standard deviations under stochastic boundary condition

L, Ty Nu o (Nu)
0.125 1.120 0.125

0.5 0.25 1.127 0.251
0.5 1.152 0.506

0.125 1.121 0.142

1 0.25 1.129 0.284
0.5 1.159 0.572

0.125 1.121 0.152

2 0.25 1.130 0.305

0.5 1.164 0.614
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Uncertainty Research of Natural Convection Heat Transfer
Under Stochastic Boundary Condition Based on the
Monte-Carlo Stochastic Finite Element Method

HE Yi-hai, JIANG Chang-wei, YAO Ming, ZHANG Bing-ging,
ZHU Yan-he, ZHANG Zhong-qing
(School of Energy and Power Engineering, Changsha University of Science and Technology ,
Changsha 410114, P.R.China)

Abstract: In order to study the effects of stochastic boundary conditions on natural convection
heat transfer in square cavities, a Monte-Carlo stochastic finite element method was developed
to solve uncertainty propagation of natural convection heat transfer under stochastic boundary
condition. The input random parameters were expanded through the Karhunen-Loeve expansion
and the random samples of boundary condition were generated with the Latin sampling method.
The flow field and temperature field in the square cavity for different random samples of bound-
ary condition were calculated numerically. The mathematical expectations and variances of sto-
chastic output fields were calculated with the sampling statistical method. The stochastic finite
element program with the MATLAB language was coded to solve the uncertainty propagation of
natural convection heat transfer in cavity under stochastic boundary condition based on the
computational framework. The effects of the correlation length and the variance of stochastic
boundary condition on natural convection uncertainty were analyzed. The results show that the
mean temperature field and flow field are basically the same as the deterministic temperature
field and flow field, respectively. The probability distribution of the Nusselt number under sto-
chastic boundary condition is a normal distribution. The mean Nusselt number increases with
the correlation length and the variance, the variance has a greater influence on natural convec-

tion heat transfer than the correlation length.

Key words: Monte-Carlo method; stochastic finite element; stochastic boundary condition;
natural convection; uncertainty
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