
Study on the Cooling Load  
Caused by Envelop Heat Transfer of 
Underground Residential Buildings 

Abstract ID: E024 

Given by: Ziyi Su 



2 

Content 

•  Background 

•  Methodology 

•  Results 

•  Conclusion 



Background 

p  The wide use of underground space 

l  With the rapid development of the economy, the expansion of major cities 

makes it essential to utilize the underground space rationally.  

l  Therefore, it becomes common to use underground space. 

ü  Shopping malls 

ü  Public transportation stations 

ü  Residential buildings 
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Background 

p  Underground space of residential buildings 

l  The underground space of residential 

buildings is mostly used for—— 

ü  Garages 

ü  Storage rooms 

ü  Some residential rooms 

l   The characteristics of the envelop 

structure are different from those of 

the above-ground buildings.  
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Background 

p  Research status 

l  Currently, one-dimensional steady-

state simplified calculation methods 

are widely used to estimate the 

cooling load caused by the heat 

transfer of the envelop structure.  

l  However, the accuracy of the former 

simplification is far from enough. 
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Methodology 

l  A three-storey underground building 

is studied. 

p  Studied Case 

ü  Room number of each floor 

5*5=25 

ü  Size of each room 

3m*3m*5m 
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Methodology 
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l  The three-dimensional unsteady method was used to calculate envelope heat transfer. 

ü  CFD Simulation Software: PHOENICS 

ü  Year-round simulation 

ü  ¼ of the underground space was simulated 

p Method 
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Methodology 
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l  With the simulation of CFD, the 

surface temperature of the wall was 

obtained to calculate the heat transfer. 

p Output 

l  The influence of the following factors on the heat transfer is studied. 

ü  Buried depth 

ü  The geometry of the building  

ü  The position of the room 

p  Analysis Factors 

Output 
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Results 
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p The results showed divergence in different rooms.  

The three-dimensional 

heat transfer 

characteristics of 

shallow-buried 

buildings are not 

obvious. 

The two-dimensional 

unsteady simplified 

method can be applied 

in the estimation of 

the underground heat 

transfer. 

l  For shallow buried buildings or rooms: 

Ground 

Concrete 
√ 
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Results 
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p The results showed divergence in different rooms.  

The heat transfer 

characteristics of 

deep-buried buildings 

tend to be steady and 

one-dimensional. 

The one-dimensional 

steady-state simplified 

method can be applied 

in the estimation of 

the underground heat 

transfer. 

l  For deep buried buildings or rooms: 

Ground 

Concrete 

√ 



Results 
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p The results showed divergence in different rooms.  

The three-dimensional 

heat transfer 

characteristics of 

rooms in the corner is 

obvious. 

The accurate three-

dimensional unsteady 

method should be 

used. 

l  For rooms in the corner of the building: 

Ground 

Concrete 
√ √

√ √



Conclusion 
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ü  The results of this study give the guidance on the calculation of the cooling 

load caused by the ground heat transfer in underground buildings. 

ü  In further, the study will focus on the optimization method for the automatic 

CFD grid settings to reduce the accurate simulation time.  

ü  Then the method will be attached to the building energy simulation software 

called Designer's Simulation Toolkit. 
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