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Abstract: The goal of this paper is to investigate thermal and fluid flow processes in an air/water perforated plate 
heat exchanger. The experimental investigation was carried out over a single perforated plate which was installed 
in an experimental chamber and heated by hot water. A fan with the variable flow was connected to the 
experimental chamber, and the flow rates were varied from 100 up to 360 m3/h. The thermocouples were attached 
to the surface of the perforated plate along upwind and downwind side, as well as at the inlet and outlet of the 
chamber. During each experiment, the readings of thermocouples were recorded alongside with air and water 
volume flow and temperatures of water at the inlet and outlet of the chamber. On the basis of the experimental 
results equations for heat transfer and pressure, drops were established. On the end, a comparison was done with 
other authors. 
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INTRODUCTION 
One of the most important properties of heat 
exchangers, apart of having a high effectiveness is 
the need to be very compact i.e. they must 
accommodate a large surface to volume ratio. This 
helps in controlling the heat exchanger exposure to 
the surroundings by reducing the exposed surface 
area. A small mass means also a smaller heat inertia. 
This requirement is particularly important for small 
refrigerators operating at liquid helium temperature. 
The need of attaining high effectiveness and a high 
level of compactness together in one unit led to the 
invention of matrix heat exchangers (MHE) by 
McMation et al. [1]. Matrix heat exchanger consists 
of a package of perforated plates with a multitude of 
flow passages aligned in the direction of flow 
allowing high heat transfer in a proper design unit. 
This exchanger can have up to 6000 m2/m3 surface 
to volume ratio [2,3].  
The convective heat transfer characteristics of any 
heat exchanger surface can be determined using 
steady state, periodic test and transient test 
techniques [2]. For a steady-state method, the 
temperatures of hot and cold fluids entering and 
leaving the heat exchanger, as well as flow rates are 

measured, and when steady state is achieved it is 
possible to determine heat flux, thus overall heat 
transfer coefficient. In the transient technique 
method, after the steady state is achieved the 
temperature of the fluid entering the heat exchanger 
is suddenly changed. The heat transfer coefficient 
can be determined from temperature-time history 
data. The periodic test techniques represent a 
variation of the transient method in which the 
temperature of the fluid entering the heat exchanger 
is continuously varied. 
In 1966, an extensive experimental study of 
convective heat transfer and flow friction based on 
transient technique was published for eight different 
perforated surfaces [4].  
G. Venkatarathnam and Ragab M. Moheisen give 
good literature review of MHE, their constructions 
and Nusselt criteria [3,5]. The goal of this paper is to 
investigate thermal and fluid flow processes on the 
air side of an air/water perforated plate heat 
exchanger. The research was conducted over a 
single 25,6% porous perforated plate.  
EXPERIMENTAL SETUP 
Plate sized 740x145 mm, 2 mm thick, with square 
arranged, 2 mm in diameter, perforations was tested 
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in the experiment. The plate was divided in two 
sections: central section through which water flows 
and peripheral section, through which the air flows. 
Sections were separated by a gasket (Figure 1). The 
plate was placed in the channel of the experimental 
chamber, at which entrance was a thrust fan.  
As a heating fluid, water was used. The heat source 
was the boiler with adjustable power. Water enters 
the collector and flows through the central part of 
the plate, and along the water flow, heat is 
transferred from the water to the plate. Exchanged 
heat is further transferred by conduction through the 
plate towards the edge of the plate, where it comes 
into the contact with the air stream. The heat is then 
transferred by means of convection from the plate to 
the cooler air stream. 

 
Figure 1. A perforated plate with a gasket 

For the needs of the experiment on the perforated 
plate, the thermocouples were set. In total 11 
thermocouples were placed, 5 on each side of the 
plate (Figure 3,4) and one as control thermocouple 
for error estimation. Heads of thermocouples were 
covered with thermal conductive paste in order to 
ensure thermal contact between thermocouples and 
plate. Thermocouples were calibrated before the 
experiment. Also, the temperatures of air at the inlet 
and outlet of the chamber were measured by 
thermocouples. 
The cold end of thermocouples was obtained as a 
mixture of water and ice. During each experiment, 
the air flow, water flow, temperatures at the inlet and 
outlet of the chamber and the plate temperature were 
measured. Measurements were conducted when the 
thermal equilibrium was achieved. 
The convective heat transfer rate wQ  from the water 
side is equal to 

wwwww TcVQ ∆ρ=  . (1) 
Simillarily the heat transfer rate to air side is equal to 

LpLLL TcVQ ∆ρ=  . (2) 
The heat transfer rate for the perforated plate was 
calculated as the average value of water and air side 
as 
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and the error of measurement is calculated as 
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Figure 2. Experimental setup: 1 – boiler, 2 – pump, 3,4 – 
pt probes, 5 – ultra sonic water flow meter,6 – aqusition 
unit, 7 – fan unit, 8 – fan speed control, 9 – cold end of 

thermocouples, 10 – thermocouples,11 – Alonre 
balometer, 12 – milivoltmeter, 13 - chamber   

 
Figure 4. Thermocouples positions  

on the perforated plate 
In the analysis, only measurements with error less 
than 10% were used. For the measurement of air 
flow pressure drop through the perforated plate, the 
measuring system TESTO 454 with 0638 1447 
probe was used. For the pressure drop range of 80 
hPa.  
The accuracy of measuring the pressure drop is 
±0,3Pa or ±0.5% of measured value. Measurement 
accuracy is therefore for a minimal and maximal 
pressure drop 
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RESULTS AND DISCUSION 
The heat transfer coefficient α is defined as 
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where ΔT is the difference between the average air 
temperature on the inlet and outlet of the chamber 
and the average value of perforated plate 
temperature and A is the overall heat exchager 
surface on the air side. The Nusselt number is defined 
as 

λ
α

=
p

Nu , (8) 

where p is the pitch between perforations and λ is the 
thermal conductivity. On the Figure 5 are presented 
results of obtained heat transfer coefficient Nusselt 
number. If the Reynolds number is determined as 

µ
ρ

=
pw

Re 0 , (8) 

where w0 represents free stream velocity, and μ and 
ρ are fluid density and dynamic viscosity. If the 
Nusselt number dependence is written as  

3/1n PrReCNu= , (9) 
(where Prandtl number for air is Pr = 0,7), the 
Nusselt number is then 

3/1524,0 PrRe188,1Nu= . (10) 

 

 
Figure 5. Heat transfer coefficient in the function of air 
flow and Nusselt number in the function of Reynolds 

number 

 
Figure 6. Comparison of results for heat transfer 

coefficient 
The results for pressure drop through the plate with 
and without water collector are presented on the 
Figure 7. The general relation for the pressure drop 
was found in the form  

2
w

p
2
0ξρ=∆  (11) 

where the ξ represents fluid friction and for observed 
plate it is equal to 43,7. The results are in good 
correspondence with results of Idel'chik presented 
on the Figure 8 [8]. 

 

 
Figure 7. Pressure drop for the plate with water collector 

(left) and without it (right) 
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Figure 8. Pressure drop for a perforated plate  

by Idel'chik 
CONCLUSIONS 
In this paper an experimental setup and its results for 
the research of perforated plate heat exchanger have 
been presented. A perforated plate which was 
installed in an experimental chamber and heated by 
hot water. A fan with the variable flow was 
connected to the experimental chamber, and the flow 
rates were varied from 100 up to 360 m3/h. For the 
needs of the experiment, thermocouples were 
attached to the perforated plate, as well as at the inlet 
and the outlet of the chamber to determine air 
temperatures. On the basis of the measurements, a 
criteria equation for Nusselt number was derived. 
Also, the air pressure drop was measured during the 
experiments. The results for Nusselt number and air 
pressure drop shows favorable agreement between 
existing Nusselt correlations for heat transfer for the 
perforated plate. 
Acknowledgements 
The research presented in this paper is supported by the 
project III 42008 of the Ministry of Education, Science, 
and Technological Development of the Republic of Serbia 
and College of Applied Technical Sciences in Niš. 
Note 
This paper is based on the paper presented at The 12th 
International Conference on Accomplishments in 
Electrical and Mechanical Engineering and Information 
Technology – DEMI 2015, organized by the University of 
Banja Luka, Faculty of Mechanical Engineering and 
Faculty of Electrical Engineering, in Banja Luka, BOSNIA 
& HERZEGOVINA (29th – 30th of May, 2015), referred 
here as[9]. 
REFERENCES 
[1] McMahon, H. O., Bowen R. Ј., Bleye Јr., G. A. (1950). 

A Perforated Plate Heat Exchanger. Trans ASME., vol. 
72, p. 623-632. 

[2] Krishnakumar, K., Venkataratham, G. (2003). 
Transient Testing of Perforated Plate Matrix Heat 
Exchangers. Cryogenics, vol. 43, no. 2, p. 101-109. 

[3] Venkataratham, G., Sarangi, S. (1990). Matrix Heat 
Exchangers and their Application in Cryogenic 
System. Cryogenics, vol. 30, no. 11, p. 907-918. 

[4] Bannon, J. M. et al., (1965). Heat Transfer and Flow 
Friction Characteristics of Perforated Nickel Plate-
Fin Type Heat Transfer Surfaces, Technical report no. 
52 - United States Naval Postgraduate School, 
Monterey, Cal., USA.  

[5] Ragab, M. M. (2009). Transport Phenomena in Fluid 
Dynamics: Matrix Heat Exchangers and their 
Applications in Energy Systems, Report No. Afrl-rx-
ty-tr-2010-0053, Air Force Research Laboratory 
Materials and Manufacturing Directorate, Tyndall 
Air Force Base, Panama City, USA. 

[6] Ornatskiy, A. P., Perkov, V. V., Khudzinskii, V. M. 
(1983). Experimental Study of Perforated Plate Heat 
Exchanger for Micro Cryogenic Systems. Promish 
Teplo Tekhn, vol. 5, p. 28 - 33. 

[7] Andrew, M. H., et al. (2008). The Thermal Modeling 
of a Matrix Heat Exchanger Using a Porous Medium 
and the Thermal Non-Equilibrium Model, 
International Journal of Thermal Sciences, vol. 47, 
no. 10, p. 1306-1315 

[8] Idel'chik, I.E., Handbook of Hydraulic Resistance, 
Hemisphere Publishing Corp., New York 1988. 

[9] Mladen Tomić, Mića Vukić, Predrag Živković, Žana 
Stevanović, Ivan Ćirić, experimental investigation of 
thermal and fluid flow processes in a perforated 
plate heat exchanger, The 12th International 
Conference on Accomplishments in Electrical and 
Mechanical Engineering and Information 
Technology – DEMI 2015, organized by the 
University of Banja Luka, Faculty of Mechanical 
Engineering and Faculty of Electrical Engineering, in 
Banja Luka, Bosnia & Herzegovina, 29th – 30th of 
May, 2015 

 

 

 
copyright ©  

University POLITEHNICA Timisoara,  
Faculty of Engineering Hunedoara, 

5, Revolutiei, 331128, Hunedoara, ROMANIA 
http://acta.fih.upt.ro 


