
Accepted Manuscript

A Thermal Management System using Ammonium Carbamate as an Endother-

mic Heat Sink

Douglas J. Johnson, Nicholas P. Niedbalski, Jamie S. Ervin, Soumya S. Patnaik

PII: S1359-4311(17)32794-1

DOI: http://dx.doi.org/10.1016/j.applthermaleng.2017.04.126

Reference: ATE 10275

To appear in: Applied Thermal Engineering

Received Date: 28 June 2016

Revised Date: 27 March 2017

Accepted Date: 25 April 2017

Please cite this article as: D.J. Johnson, N.P. Niedbalski, J.S. Ervin, S.S. Patnaik, A Thermal Management System

using Ammonium Carbamate as an Endothermic Heat Sink, Applied Thermal Engineering (2017), doi: http://

dx.doi.org/10.1016/j.applthermaleng.2017.04.126

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.2017.04.126
http://dx.doi.org/10.1016/j.applthermaleng.2017.04.126
http://dx.doi.org/10.1016/j.applthermaleng.2017.04.126


  

A Thermal Management System using Ammonium Carbamate as an Endothermic Heat Sink 

Douglas J. Johnson a,b, Nicholas P. Niedbalski b*, Jamie S. Ervin a,b, Soumya S. Patnaik b, 

a University of Dayton Research Institute, 300 College Park Ave., Dayton, OH 45469, United States 

b Air Force Research Laboratory, Aerospace Systems Directorate, Mechanical and Thermal Systems 

Branch, 1950 5th St., Wright-Patterson AFB, OH 45433, United States 

* To whom correspondence should be addressed: Tel.: +1 (937) 656 5548, E-mail: 

nickgonzaga@me.com, Address: 1950 5th Street, Wright-Patterson AFB, OH 45433, United States. 

Abstract: The issue of managing low-quality waste heat onboard modern high-performance aircraft 

represents a critical performance limitation that can severely restrict flight envelopes, preclude the 

integration of high-power electronics, or compromise system reliability. The principal engineering 

challenges to the thermal systems engineer are the large quantities of heat involved, low (and carefully 

controlled) coolant temperatures required, and the limited availability of heat sinks to which the waste 

heat must ultimately be rejected. The use of endothermic chemical reactions to serve as controllable, 

flight envelope-independent heat sinks has considerable potential in addressing the latter of these 

engineering challenges, but must be integrated as part of a systems-level approach in order to address 

all three - acquisition, control, and rejection. In this paper, we introduce and demonstrate a thermal 

management system (TMS) architecture integrating a vapor compression heat pump, phase change 

thermal energy storage, and heat exchanger-reactor (HEX reactor) to utilize the endothermic 

decomposition of ammonium carbamate as an expendable heat sink. An experimental proof-of-concept 

study was conducted to demonstrate acquisition of both static and time- variant thermal loads, coolant 

temperature regulation typical of electronics cooling applications, and rejection of the thermal load to 

an expendable heat sink. The proposed TMS successfully managed pulsed and steady thermal loads 

while maintaining a coolant temperature within 1°C of the target set point. During steady-state 

operation, the TMS was able to achieve coefficients of performance (COP) in the neighborhood of 3 with 

nearly 100% efficiency in expendable heat sink utilization; when subjected to dynamic heat loads, the 

use of a thermal energy storage material allowed simple control schemes to be used to maintain TMS 

stability. 

 

Keywords: HEX Reactor; Ammonium Carbamate; Thermal Management; Heat Transfer; Vapor Cycle 

System; Thermal Energy Storage 

 



Download English Version:

https://daneshyari.com/en/article/4991139

Download Persian Version:

https://daneshyari.com/article/4991139

Daneshyari.com

https://daneshyari.com/en/article/4991139
https://daneshyari.com/article/4991139
https://daneshyari.com

