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ABSTRACT 

Air-to-air heat exchanger is generally used in the telecom equipment cabinet to divide the outside and inside 
air streams and exchange heat between these two air streams. Thin aluminium plates with ripple surface and 
protrusion are commonly used in these kinds of heat exchangers. This study provides a heat transfer 
enhancement design and experimental analysis of thin plastic air-to-air heat exchangers. Two plastic plate 
heat exchangers, one with 65o chevron angle and the other with chevron angle of 30o in the main stream and 
65o in the inlet and exit passages was designed and tested. From the experimental results, we found that the 
chevron flow passage is able to significantly enhance the heat exchangers’ heat transfer performance. The 
30o+65o chevron heat exchanger provides a lower pressure drop but higher heat transfer performance than 
other two heat exchangers. It is the best design for air-to-air heat transfer in the range tested. 

1. INTRODUCTION 

In the telecom equipment cabinet, transportation control cabinet or industrial automation cabinet, it is 
necessary to dissipate heat generated from the electronic devices inside the cabinet to the atmosphere for 
avoiding overheats of the equipment. To prevent the dust or moisture from the outside air pollution or 
corrosion on the instruments inside the cabinet, an air-to-air heat exchanger is generally used to divide the 
outside and inside air streams and exchange heat between these two streams as shown in Figure 1. Most of 
the current air-to-air heat exchangers are made by stacking several thin aluminium plates with ripple surface 
and protrusion dots as shown in Figure 2 to enhance its strength and retain the height of flow passage 
between plates. 

 
Figure 1. Telecom equipment cabinet cooling systems and core heat exchanger 

   
Figure 2. Aluminium plates used in core heat exchanger 

ripple surface 

protrusion 

ICR 2015, August 16 - 22 - Yokohama, Japan

ID:74



Recently, some types of materials other than aluminium have been considered for the plates to reduce the 
cost and weight as well as better weather resistance of the heat exchanger. Burns and Jachuck [2001] 
selected PEEK as the material of the heat exchanger due to its high chemical and fatigue resistance, 
hydrophobic and smooth surface with high working temperature and thermal stability. Seven sheets were 
placed by 90o angle with cross-corrugated layers to enhance the heat transfer performance of fluid flows. 
Cheng and Van Der Geld [2005] studied a plate-fin heat exchanger made of PVDF experimentally for air-
water or air/stream water as fluid. Harris et al. [2002] tested two micro cross-flow plate heat exchangers 
made of PMMA and nickel respectively. The results showed that the heat transfer performance of nickel is 
better than PMMA. But due its low density, the PMMA had higher heat transfer rate at unit mass and unit 
temperature difference then nickel. Rousse et al. [2000] provided an experimental study of a PE shell-and-
tube recovery unit. Five corrugated PE tubes with thickness of 1 mm were used in a single shell. It proved 
that the polymer heat exchanger can be used for heat recovery process. Jia et al. [2001] provided 
experimental analysis on a PTFE plate heat exchanger as a flue gas heat recovery. Saman and Alizadeh 
[2001] provided a numerical and experimental study on PE heat exchanger for humidification and cooling 
process.  
 
For increasing the compactness and therefore reducing the size of the heat exchanger, thin plates with narrow 
spaces were commonly designed for air-to-air heat exchangers. Since the flow passages are small, it is 
mostly operating at laminar flow condition. This will lead to a low heat transfer performance of the heat 
exchanger. This study provides a heat transfer enhancement design and experimental analysis of thin plate 
heat exchangers. It is aimed to develop low cost and high performance non-metal air-to-air heat exchangers 
for telecom equipment cabinet cooling systems. 

2. EXPERIMENTAL METHOD 

2.1 Heat Exchangers Design 
Chevron flow passage has been popularly applied in plate heat exchangers for several decades. It provides a 
high heat transfer performance for liquid-to-liquid and liquid-to-two phase heat transfer but no study of this 
type of heat exchanger for air to air heat transfer has been published. The major geometric parameters that 
will affect the heat transfer performance are the amplitude of chevron passage (), chevron wave length () 
and chevron angle () as shown in Figure 3. Two plastic plate heat exchangers with different chevron 
geometries were designed in the present study. The first one was that with 65o chevron angle and 7.0 wave 
length. It was the most popular chevron geometries for liquid-to-liquid and to-two-phase heat transfer. 
However, while it was tested, the pressure drop is so high that no existing commercial fan can be found to 
accommodate for the required flow rate. For reducing the pressure resistance, another heat exchanger with 
chevron angle of 30o in the main stream and 65o in the inlet and exit passages was designed. The major 
dimensions of heat exchangers are listed in Table 1. The 3-D drawings, stacking of plates and pictures of 
these two heat exchangers are shown in Figures 4 and 5 respectively. An aluminium plate heat exchanger as 
shown in Figure 6 was also tested for comparison. It has five 13 mm diameter circular protrusions and ripple 
surface to enhance its strength and retain the height of flow passage between plates. 

 
Figure 3. Geometric parameters of a plate heat exchanger 
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Table 1. Major dimensions of test heat exchangers 

Material Flat aluminum Chevron polymer 65o Chevron polymer 30o+65o 

Plates 

HX L*W*H (mm) 382*122*466 382*122*455 382*122*455 
Plate thickness 

(mm) 
0.15 

Plate distance () 
(mm) 

3.17 3.10 3.10 

Wave length () 
(mm) 

- 7.0 7.0/13.2 

Chevron angle () - 65o 30o+65o 
Plate density 

(kg/m3) 
2.7 0.99 0.99 

Number of plates 148 
Number of flow 

passages 
74/73 

 

    
(a) 3-D drawing          (b) picture 

(c) stacking of plates 

Figure 4. Drawings and picture of 65o heat exchanger 

    
(a) 3-D drawing          (b) picture 

(c) stacking of plates 

Figure 5. Drawings and picture of 30o+65o heat exchanger 

  (a) 3-D drawing          (b) picture 

 
(c) stacking of plates 

Figure 6. Drawings and picture of aluminium heat exchanger 
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2.2 Experimental System 
The entire test section was installed in an environment controlled open-loop wind tunnel shown in Figure 7. 
The hot side air flow was driven by a variable speed blower. The inlet air was heated to 45 oC by an 
electrical heater and well mixed through an air straightened-equalizer before it flows into the test section. 
The inlet and exit air temperatures across the test section were measured by two T-type thermocouples 
meshes. The inlet measuring mesh contains 4 thermocouples while the exit contains 9 thermocouples. All the 
thermocouples were calibrated within ±0.1 oC accuracy. The pressure drop across the test section was 
detected by a precision differential pressure transducer with accuracy of ±7.5 Pa. The air flow is measured by 
a multiple nozzles device which is constructed by following the ASHRAE 41.2 standard. 
 
The cold side air was driven by four fixed speed fans and its temperature was controlled by the room 
temperature at 30 oC. The inlet and exit air temperatures across the test section were measured by two T-type 
thermocouples meshes with 4 thermocouples for each mesh. Details of experimental parameters and 
uncertainties are listed in Table 2. 

 
Figure 7. Schematic diagram of the test wind tunnel system 

Table 2. Uncertainties of test apparatus and derived parameters 

Apparatus Uncertainty Derived parameters Uncertainty 
Thermocouple ±0.1 oC Qh flow rate ±0.59% - 2.66% 

Differential Pressure Transmitter  
(wind tunnel nozzle) 

±0.75 Pa q (heat transfer rate) ±1.56% - 2.78% 

Differential Pressure Transmitter  
(test section) 

±7.5 Pa thermal resistance ±3.34% - 6.69% 

  
hh (heat transfer coefficient) 

at flow rate < 0.10 m3/s 
±3.93% - 10.96% 

2.3 Data Reduction 
Since the objective variables are in the hot side, the cold side air speed was kept at constant and much higher 
than that of the hot side to reduce the experimental error. The heat transfer rate q was evaluated by the 
measured air flow rate and temperature difference through the test section as shown in (1). From the energy 
balance between hot and cold side air streams, the cold side air flow rate mc can also be calculated. 

q=mhcph(Thi-Tho)=mccpc(Tco-Tci)        (1) 

By using the UATlm method, the total thermal resistance 1/UA was calculated from (2): 

q=UATlm             (2) 

Where the log mean temperature difference Tlm is: 
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The total thermal resistance 1/UA equals to the summation of hot side, cold side and plate thermal resistance. 
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Since the cold side air speed was maintained at constant, the hot side air heat transfer coefficients can be 
evaluated by the modified Wilson plot method (Briggs and Young [1969]).  

3. RESULTS AND DISCUSSION 

Two chevron plate heat exchangers with chevron angle 65o and 30o+65o were designed and tested in the 
present study. An existing commercial aluminium plate with ripple surface heat exchanger is also tested for 
comparison. Figure 8 shows the pressure drop of these three heat exchangers increased with increasing flow 
rate. The 65o chevron plate heat exchanger has the highest pressure drop. It is approximately 7.5 times higher 
than that of aluminium plate heat exchanger. While the chevron angle changed to 30o+65o, the flow pressure 
drop significantly reduced to only about 3% higher than that of aluminium plate heat exchanger at high flow 
rate. The pressure drop of both 65o and 30o+65o heat exchangers increased with almost 1.8 power of the flow 
rate. This implies that the air flow in both heat exchangers is in the turbulent flow regime. However, for the 
flat aluminium heat exchanger, there is a transition of pressure drop at low and high flow rate conditions. 
The air flow is in laminar regime while the flow rate is below 0.06 m3/s, and in turbulent regime at large flow 
rate. 
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Figure 8. Pressure of each heat exchanger 
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Figure 9. Thermal resistances of aluminium heat exchanger 

Figures 9 to 11 show the total, hot side and cold side thermal resistances of aluminium flat, 65o and 30o+65o 
chevron heat exchangers respectively. For the aluminium flat plate heat exchanger, the cold side thermal 
resistance remained at around 0.002 oC/W which is much lower than that of the hot side which is from 0.012 
to 0.03 oC/W. The thermal resistances of 30o+60o chevron heat exchanger are similar to those of aluminium 
flat heat exchanger beside that at high hot air flow rate where the hot side thermal resistances is higher than 
those of cold side. This situation is not the same for 65o chevron heat exchanger. Since the same fans were 
used in the cold side for all heat exchangers, the flow rate in 65o chevron heat exchanger was low due to its 
high flow resistance; this lead to the cold side thermal resistances are mostly higher than those of hot side air 
stream. 
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Figure 10. Thermal resistances of 65o chevron angle plastic heat exchanger 
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Figure 11. Thermal resistances of 30o+65o chevron angle plastic heat exchanger 

Figure 12 compares the heat transfer coefficients of three heat exchangers. It shows that the heat transfer 
performance in the 65o and 30o+65o chevron passages heat exchangers is approximately 160% and 130% 
higher than those in flat aluminium heat exchanger respectively. The 65o chevron heat exchanger provides 
higher heat transfer performance than the 30o+65o chevron heat exchanger at high flow rate conditions. 
While the flow rate is further higher in both heat exchangers, since the thermal resistance of the cold side is 
higher than that in the hot side, there is a huge reduction uncertainty for heat transfer coefficients evaluation. 
This is the reason why that part of the experimental data departed from the general trend of the overall test 
results. From the pressure drop and heat transfer tests, we found that the 30o+65o chevron heat exchanger 
provides a low pressure drop but high heat transfer performance than other two heat exchangers. It is the best 
design for air-to-air heat transfer in the range tested. 
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Figure 12. Comparison of heat transfer coefficients in three heat exchangers 
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4. CONCLUSIONS 

This study provides a heat transfer enhancement design and experimental analysis of thin plate air-to-air heat 
exchangers. Two plastic plate heat exchangers, one with 65o chevron angle and the other with chevron angle 
of 30o in the main stream and 65o in the inlet and exit passages was designed and tested. An aluminium flat 
plate heat exchanger was also tested for comparison. 
 
The test results show that the aluminium flat heat exchanger has the lowest flow resistance. The 65o chevron 
plate heat exchanger has the highest pressure drop and approximately 7.5 times higher than that of 
aluminium plate heat exchanger. The pressure drop of the 30o+65o chevron angle heat exchanger is only 
about 3% higher than that of aluminium plate heat exchanger at high flow rate. The heat transfer 
performance in the 65o and 30o+65o chevron passages heat exchangers is approximately 160% and 130% 
higher than those in flat aluminium heat exchanger respectively. From the pressure drop and heat transfer 
tests, we found that the chevron type flow passage can significantly enhance the plate heat exchangers heat 
transfer performance. The 30o+65o chevron heat exchanger provides a low pressure drop but high heat 
transfer performance than other two heat exchangers. It is the best design for air-to-air heat transfer in the 
range tested. 

5. REFERENCES 

Briggs D, Young E. 1969, Modified Wilson plot techniques for obtaining heat transfer correlations for shell 
and tube heat exchangers, Chemical Engineering Progressive Symposium Series, 92(65): 35-45. 

Burns J, Jachuck R. 2001, Condensation studies using cross-corrugated polymer film compact heat 
exchangers, Applied Thermal Engineering, 21: 495-510. 

Cheng L, Van Der Geld C. 2005, Experimental study of heat transfer and pressure drop characteristics of 
air/water and air-steam/water heat exchange in a polymer compact heat exchanger, Heat Transfer 
Engineering, 26: 18-27. 

Harris C, Kelly K, Wang T, McCandless A, Motakef S. 2002, Fabrication, modelling and testing of micro-
cross flow heat exchangers, Journal of Microelectromechanical Systems, 11: 726-735. 

Jia J, Peng X, Sun J, Chen T, 2001, An experimental study on vapor condensation of wet flue gas in a plastic 
heat exchanger, Heat Transfer - Asian Research, 30: 571-580 

Rousse D, Martin D, Theriault R, Leveille F, Boily, R, 2000, Heat recovery in greenhouses: a practical 
solution, Applied Thermal Engineering, 20: 687-706. 

Saman W, Alizadeh S. 2001, Modelling and performance analysis of a cross-flow type plate heat exchanger 
for dehumidification/cooling, Solar Energy, 70 (4): 361-372. 

 

ICR 2015, August 16 - 22 - Yokohama, Japan




