Accepted Manuscript
APPLIED
THERMAL

Research Paper ENGINEERING

Thermocouple Heating Impact On The Temperature Measurement Of Small
Volume Of Water In A Cooling System

Ahmed A.Y. AlWaaly, Phillip Dobson, Manosh C. Paul, Philipp Steinmann

PII. S 1359_43 1 1(17)30884-0 DESIGN . PROCESSES . EQUIPMENT . ECONOMICS
DOI: http://dx.doi.org/10.1016/j.applthermaleng.2017.08.066
Reference: ATE 10948

To appear in: Applied Thermal Engineering

Received Date: 9 February 2017

Revised Date: 25 July 2017

Accepted Date: 12 August 2017

Please cite this article as: A.A.Y. AlWaaly, P. Dobson, M.C. Paul, P. Steinmann, Thermocouple Heating Impact
On The Temperature Measurement Of Small Volume Of Water In A Cooling System, Applied Thermal
Engineering (2017), doi: http://dx.doi.org/10.1016/j.applthermaleng.2017.08.066

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.2017.08.066
http://dx.doi.org/http://dx.doi.org/10.1016/j.applthermaleng.2017.08.066

THERMOCOUPLE HEATING IMPACT ON THE
TEMPERATURE MEASUREMENT OF SMALL VOLUME OF
WATER IN A COOLING SYSTEM

Ahmed A. Y. AlWaaly'**, Phillip Dobson?, Manosh C. Paul*" & Philipp Steinmann?

'Systems, Power & Energy, “Electronics & Nanoscale Engineering, School of Engineering,
University of Glasgow, G12 8QQ, UK
%Centeo Biosciences Ltd, 17 Riverview Portland Place, Inverness, Scotland, 1V1 1NE
“Mechanical Engineering Department, College of Engineering, Wasit University, IRAQ
Email: Phil.Dobson@glasgow.ac.uk, *Manosh.Paul@glasgow.ac.uk,
aalwaaly@uowasit.edu.iq
Tel: +44(0)141 330 4314 (PD), +44(0)141 330 8466 (MP)

Highlights

e Heating impact of measuring temperature using thermocouple is first-time
investigated in a commercially available Centeo-TG40 cooling device.

e Heating impact causes an overestimation in temperature thus requiring a
correction.

e Size of thermocouple affects the heating impact.

e Challenges associated with the temperature measurement are addressed.

e Validation with compressive analysis is performed by numerical modelling.

Abstract

Experimental and numerical analyses have been performed to investigate the heating
impact of using a thermocouple for the temperature measurement of a small volume
of cold water (~ 24mm?), due to thermal conduction through the wires. Two sizes of
K-type thermocouple, 80pum and 315um, were used to measure the temperature of
cold ‘water inside a small, thermally regulated chamber within a Centeo TG40
cooling system. The results show that thermal conduction from the ambient
environment into the cold water produces a heating effect. This effect decreases for
greater submersion depth of the thermocouple junction and is eliminated when the
thermocouple junction is close to the copper bottom of the chamber. The inclusion of
an insert into the chamber increases the thermal resistance between the copper block
and the water, raising the heating effect of the thermocouple. The cooling effect of
the copper block on the water is diminished when the air gap between copper block
and plastic insert is increased, consequently raising the temperature inside the small
well. Moreover, increasing the water height inside the large well has a negligible

effect on the temperature of the small well.
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