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Background 

Because in a physical thermal test on electrical devices there 
is no effective and accurate method to measure the heat power 
itself, in practice the electrical power consumption is considered 
to be equal to the heating power and used to calculate structure 
function or other thermal characteristics.

However the confusing aspect of the problem is heat flux 
spreads to all directions continuously. There always exists an 
intention to split the structure into separated partial thermal 
resistances Rth-juntion-to-upper-side and Rth-juntion-to-lower-side. Such partial 
thermal resistances are not physically measurable because there 
is no method to measure partial heat power or to constrain all 
heat power to a desired direction in a real device.

So defining thermal resistance by using isothermal surface 
becomes natural when total heat power is used for calculation, 
and this is also applicable for structure functions.1) Such consid-
eration is verified in another paper2) by using CFD simulation 
software. In this article we are going to give experimental veri-
fication.

Introduction 

The idea is to set up a test environment where
1. heat flux path is predictable and measureable;
2.  heat source should be physically valid for recording its 

thermal transient response;
3.  all dimensions should be known to create accurate thermal 

model in a thermal CFD simulator.
The CFD simulation model will be calibrated to the physical 

test result, to make sure it is identical to physical sample in 
structure function.

Then we will measure the physical isosurface and compare it 
with the CFD results. If the CFD isosurface also matches 
measured result, we can finally declare that structure functions 
are correlated to isothermal surface.

Experiment Setup

Because there is no accurate way to measure isothermal 
surface in a real device, we decided to use an ASTM 5470 
compatible stationary thermal conductivity test environment.

As shown in Fig. 2, it is obvious that the heat flux from the 
ceramic heater spreads one dimensionally through the metal rod 
to the cooling unit. The distribution of the isothermal surface in 
the rod is predictable and can be measured by thermal couples.

Weight balance is used to apply constant pressure to test 
section to prevent leaning which is possible to distort uniformly 
distributed heat flux. In the experiment 20N force is applied.

On the top of test section ceramic heater is adopted as the heat 
source due to the uniform power dissipation and low electrical 
noise allowing to obtain an accurate thermal transient response. 
On the low end of test section, the fluid-cooling cold plate is 
adopted to apply uniform temperature boundary to simplify the 
thermal model.

The thermal transient test, T3Ster※1 is used to record the 
cooling curve, and structure functions are generated by 
T3SterMaster.※2
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　概要　実測データをベースとする構造関数 1)は放熱経路の構造解析には最も有効な方法である。構造関数は Rth-Cthの形で
放熱構造を表現できるため，時間域の過渡レスポンスより放熱構造を理解しやい。また，実測した過渡熱レスポンスから数学
演算するだけで構造関数を求められるのも大きなメリットである。構造関数の Rth-Cthモデルは一次元であり，実際の複雑な
三次元放熱構造との関連を結びつけるため，等温分布図を利用するのが有効な方法であることは研究結果 2)にて証明されてい
る。その研究では熱の CFDシミュレーションモデルで理論的に証明したが，実測での検証はまだ実施されていない。本文章
では，実験環境で等温分布と構造関数の関係の検証と考察を実施する。
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※1 “T3Ster” is a thermal transient test equipment of Mentor Graphics Co., Ltd.
※2 “T3SterMaster” is thermal analysis software associated with T3Ster.


