
Accepted Manuscript

Study of a Thermoelectric Space Cooling System Integrated with Phase Change
Material

Gang Tan, Dongliang Zhao

PII: S1359-4311(15)00398-1

DOI: 10.1016/j.applthermaleng.2015.04.054

Reference: ATE 6574

To appear in: Applied Thermal Engineering

Received Date: 20 January 2015

Accepted Date: 19 April 2015

Please cite this article as: G. Tan, D. Zhao, Study of a Thermoelectric Space Cooling System
Integrated with Phase Change Material, Applied Thermal Engineering (2015), doi: 10.1016/
j.applthermaleng.2015.04.054.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.applthermaleng.2015.04.054


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Study of a Thermoelectric Space Cooling System Integrated 1 

with Phase Change Material  2 

Gang Tana, Dongliang Zhaoa,b,* 3 

a University of Wyoming, Department of Civil and Architectural Engineering, 1000 E. University Avenue, 4 

Dept. 3295, Laramie, WY, 82071 5 

b University of Colorado Boulder, Department of Mechanical Engineering, 427 UCB, Boulder, CO, 80309 6 

*Corresponding author. Email address: Dongliang.Zhao@Colorado.EDU (D.L. Zhao). 7 

Abstract 8 

A thermoelectric cooling system integrated with phase change material (PCM) has been 9 

proposed for space cooling purpose, in which PCM stores cold thermal energy at night 10 

and functions as a heat sink to reduce hot side temperature of thermoelectric modules 11 

during daytime cooling period and thus improve the performance efficiency of the system. 12 

A numerical model for the PCM-integrated thermoelectric cooling system has been 13 

developed to analyze the entire system under two working modes: (1) dissipating the 14 

generated heat directly to outdoor air through the air-water heat exchanger (mode 1) and 15 

(2) releasing heat to the shell-and-tube PCM heat storage unit (mode 2). Experimental 16 

tests showed the average system cooling COP is increased by 56% (from 0.5 to 0.78) 17 

because of PCM integration. With the experiment validated numerical modeling, a 18 

comprehensive guide of the design procedure for the PCM-integrated thermoelectric 19 

space cooling system has been introduced. The thermoelectric cooling system is designed, 20 

as a case study, for an office room located in Denver, Colorado, from which two 21 

conclusions have been made: (1) the cooling power output, COP and cost are the most 22 

important three factors that determine the selection of thermoelectric modules (TEM) 23 
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