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ABSTRACT 

Braze plate heat exchanger (BPHE) are used widely in heating and cooling systems and the efficiency 
of heat pumps depends critically on the proper performance of them. One of the most common factors 

affecting the performance of BPHE is the not uniform distribution of the refrigerant. This problem is 

especially important in the evaporator as the refrigerant enters in it in two phase flow and usually the 
distribution of liquid and vapor is not uniform over all the channels.  

This problem is very well known in the literature, and manufacturers have implemented some technical 

solutions like introducing distributors in the inlet port in order to minimize this effect. Nevertheless, the 

applied solutions usually are developed only for the nominal conditions and when the BPHE work in 
other conditions is difficult to know which is going to be its behavior. 

In this contribution, an experimental analysis of the refrigerant distribution in an evaporator BPHE as a 

function of the inlet and outlet conditions has been done. The BPHE has been tested working at several 
inlet conditions (quality) and outlet conditions (superheat) for different temperature difference in the 

secondary fluid and the refrigerant distribution inside the BPHE has been registered using 

thermography. 

From the obtained results, it has been seen that: i) the flow maldistribution is present in most of the test, 
ii) the quality of the refrigerant at the inlet has an influence in the flow distribution, iii) the superheat 

has also a very important influence in the refrigerant maldistribution. In fact, the obtained results have 

shown that conditions working with low superheat show a better refrigerant distribution. Saturation 
temperature reduction at the evaporation seems to be a result of the refrigerant maldistribution. The COP 

degradation because of the refrigerant maldistribution is quite important for the performed test. In fact, 

it is important enough to remove any possible advantage derived for working at high superheat when 
the temperature lift in the water side is high. 

 

Keywords: refrigerant maldistribution; brazed plate heat exchanger; thermography; BPHE 

1. Introduction  

The use of BPHEs for two-phase flow boiling was increasingly investigated within the last 10-15 years 

with the intention of using the high compactness and efficiency. Maldistribution was quickly observed 

as higher demands and bigger heat exchangers were needed. Evaporators are sensitive to uneven 
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distribution of liquid and vapor. Heat transfer is highly degraded in liquid-starved channels: heat transfer 
coefficient is lower for single-phase vapor flow regarding two-phase flow and as the refrigerant 

superheats, the temperature difference between refrigerant and the secondary fluid (e.g. water) reduces. 

Figure 1 shows the issue that this document is trying to understand. Furthermore, surface temperature is 
not distributed uniformly and can be observed by infrared thermography as shown in 2. Due to 

maldistribution, liquid or droplets can quite the evaporator and have an influence in the thermal 

expansion valve control. All these problems lead to a degradation in the performance of the system i.e. 

significant reductions in cooling capacity and COP. 

      

           Figure 1. Uneven distribution of refrigerant in a heat exchanger                        Figure 2. Thermography picture 

From the early literature on the plates arrangements on flow distribution is presented [1, 2]  where results 
indicate that manifold diameter and number of channels have great influence in maldistribution.  

Maldistribution causes higher or lower thermal performance degradation depending on if it is a U-type 

or Z-type heat exchanger. Z-type plate arrangement have more tendency to suffer maldistribution [12].  

The quality distribution in heat exchanger manifolds were investigated [14] and thermal performance 

can be reduced due to liquid/vapor maldistribution. From their observations, vapor is taken out in the 

first channels when the inlet quality was low (x=0.11) but distributes evenly in the first channels when 
quality increased. However, no mention about the superheat in the evaporator is made.  

Mass flow, flow pattern and inlet quality are variables to take into account to have mass flow evenly 

distributed within the channels. For high mass flow and low inlet quality, better distribution is mentioned 

by many researchers [4,8]. However, depending on the flow pattern better or less distribution is 
observed. Flow visualization before entering the evaporator recognized two patterns: churn and 

separated flow. Churn flow is recommended as liquid and vapor phase are homogeneously mixed 

whereas in separated flow, the different layers of vapor and liquid are perfectly separated [15]. 

For achieving better refrigerant distribution, many authors and companies proposed some solutions. 

There are distribution devices e.g. SWEP [11] developed a reliable system that feeds homogenously 

with refrigerant all channels ensuring highly efficient heat transfer. For microchannel heat exchangers, 
[7] proposed an improvement for achieving better refrigerant distribution. The solution consisted in 

remove flash gas; vapor phase is separated from liquid phase after the expansion valve. In this way, only 

liquid is flowing within the microchannel heat exchanger while the vapor phase is being bypassed. 

Thermography pictures showed clear more uniformly distributed superheat with this flash gas removal 
system. Furthermore, better system performance was observed when using the separation device. 

However, 0K superheat test was not performed. Although quality maldistribution can be avoided, further 
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studies observed that the outlet header pressure drop is the causes the mass flow rate to be different from 
tube to tube [13].    

Infrared thermography is used by authors, as mentioned before, to study this phenomenon because it is 

non-intrusive and non-contacting, hence easy to apply. [3, 9] used thermography to visualize the two-
phase flow region for different outlet vapour qualities and superheats of 5 and 10 K and to outline a 

methodology to quantify both refrigerant maldistribution and effective usage of the heat exchanger 

respectively.  

Nevertheless, the influence of different process conditions like superheat or the temperatures difference 
at the secondary fluid for the two-phase flow evaporation is not addressed in open literature. In order to 

understand the reasons more deeply a measurement campaign was designed and performed to analyse 

experimentally the refrigerant distribution in a BPHE changing inlet and outlet conditions, thus inlet 
quality and superheat for a given secondary temperature difference, to understand dependencies and 

reasons for the behaviour in the evaporator. Uneven temperature distribution in the surface is a result of 

non-uniform refrigerant distribution within the channels and can be registered with a thermography 
camera.    

2. Experimental set-up 

The test rig, a water-to-water heat pump booster prototype with propane (R290) as refrigerant for heat 

recovery applications. The test rig permits to work with and without superheat and different levels of 

subcooling, giving the choice to change the quality at the entry. Therefore, two working modes are 

available, with superheat (mode 1) and without superheat (mode 2). 

When working with superheat, two expansion devices are operating: a throttling valve, located between 

the condenser and the liquid receiver, and an expansion valve, placed between the liquid receiver and 

the evaporator. The liquid receiver is used to accommodate the changes in the active charge in the system 
derived from the variations in the degree of subcooling at the condenser. In figure 3 the scheme of the 

water-to-water heat pump to make subcooling in the condenser is shown. The throttling valve is the 

active control component that allows setting the subcooling at the condenser independently from the 
external conditions (point 3). Therefore, a change in the pressure drop in the valve will produce a change 

in the subcooling at the outlet of the condenser. The liquid receiver ensures that the refrigerant leaves 

throttling valve in saturated liquid state (point 4). Measuring pressure at the liquid receiver allows 

knowing the quality at the entry of the evaporator (point 5), as the pressure is measured in point 1. 
Pressure drop at the evaporator is not measured. However, when no superheat is not used (SH= 0 K), 

the liquid receiver is bypassed and only the  
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Figure 3. Mode 1 configuration system lay-out and refrigerant cycle 

When working in mode 2, without superheat, the expansion valve is dedicated to control the subcooling 

at the expense of losing the superheat control.  In this sense, the liquid receiver is placed at the outlet of 
the evaporator (point 5) ensuring saturated vapor conditions at compressor inlet (zero superheat). The 

evaporation pressure depends mainly on the heat process at the evaporator (points 4-5) while the 

condensing pressure is constrained from the heat process in the condenser (points 2-3). The pressure 
drop introduced by the expansion valve will determine the degree of subcooling produced at the 

condenser. 

  

 

Figure 4. Mode 2 configuration: system lay-out and refrigerant cycle 

In figure 5, the green box is the unit to be tested, more concretely the inlet/outlet of the BHPE. A 
frequency variable water pump adjusts the water mass flowrate, which will determine the temperature 

at the outlet of the evaporator. For more information please refer to [10]. 

MODE 0K1V
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Figure 5. Propane Water-to-water heat pump booster. 

The evaporator is the model AC-70X-120M from Alfa Laval. 40 kW capacity at the nominal point, 120 
plates and a horizontal port distance and vertical port distance of 50 mm and 466 mm respectively 

resulting a 6 m2 heat transfer area. 

A thermoresistance is on each side of the evaporator and the water mass flow is measured with a Coriolis 
mass flow meter. For the pressure on the refrigerant side, three Rosemount sensors are installed. In order 

to monitor and measure the parameters on the BHPE, all the sensors were connected to a data acquisition 

system “Agilent 34970A”, where all parameters were monitored.  

The relative and absolute accuracy of each device are shown in the following table: 

Table 1. Instrumentation used in the test rig 

Magnitude Model 
Relative 

accuracy 

Absolute 

accuracy 

Pressure 

P 1151 Smart GP7 
Rosemount 

0.12 % of Span 
0.03 

P 1151 Smart GP8 

Rosemount 
0.15 % of Span 

0.08 

P 3051 TG3 Rosemount 0.14 % of Span 
0.04 

Temperature RTD Class 1/10 DIN  
0.06 

Mass Flow 
Coriolis SITRANS F C 

MASS 2100 

0.3 % of 

Reading  

   

 

3. Performed test 

Based on the pre-evaluation and literature research on the relevant aspects a field of operation points 
was defined and characterized experimentally. The following values were varied: 

 superheat at the evaporator (0K/ 5 K/ 10 K/ 15K) 
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 inlet quality (0,06/ 0,14/ 0,2/ 0,3) 

 temperature difference at the secondary fluid (5 K and 13 K) 

The chosen values correspond to regular inlet qualities (0.14<x<0.3) and superheat (5-15 K) in heat 

pump applications. As the test rig can work in numerous levels of subcooling without interfering 

superheat, 0 K superheat and an unusual inlet quality of 0,06 in the evaporator is suggested to cover the 

measurement campaign. Evaporation temperature has been registered for each case.  

The matrix concludes different superheats at different inlet qualities at a temperature difference of 5 K 

and 13 K at the secondary fluid as it can be seen in figure 3:  

 

Figure 6. Experimental measures points for dTwater= 5 K and dTwater= 13 K 

To register the refrigerant distribution, the surface of the evaporator is been photographed by IR 

thermography. Qualitative thermography tests are performed, this means that we are comparing different 

point's temperature but not measuring temperature accurately. The IR camera was set to a measuring 

range of -40 to 120ºC. In the next figure, a picture of a frontal view of the evaporator (face used for 
thermography) and a transversal view with the location of the refrigerant and water inlet/outlet ports. 

 

Figure 7. Picture of a frontal view of the evaporator and a transversal view with the location of the inlet/outlet ports 

The next table shows the corresponding IR thermographies for a water temperature difference of 5 K. 

They are given in tables in the corresponding order of superheats. The minimum temperature of the 

scale is set to 10,8ºC and the maximum to 20,1ºC. This means that temperatures below and around 

DTevap=6.4K DTevap=5.3K DTevap=4.6K DTevap=4K DTevap=3.3K DTevap=2.9K

DTevap=3.2KDTevap=4KDTevap=7KDTevap=10KDTevap=12.5KHigher Dtevap= freezes
Superheat = 10K

Superheat = 15K
DTevap=8KDTevap_max=8.74K

DTevap=6 KDTevap=7.2K DTevap=5.3K DTevap=4.5K DTevap=4K DTevap=3.4K
Superheat = 5.5K

Te=11.81°C

Te=9.408°CTe=9.07°CTe=6.39°CTe=2.95°CTe=-0.4°CTe=-21.33°C

Te=5.24°CTe=4.74°CTe=4.80°CTe=4.74°CTe=4.74°CTe=4°CTe=1.46°CTe=0.38°C

Te=11.33°CTe=9.85°CTe=7.63°C Te=9.01°CTe=4.37°C

Superheat = 0K

DTevap=6.7 KDTevap=9.8K DTevap=6K DTevap=5.1K DTevap=4.7K DTevap=3.7KDTevap=8 KDTevap=16K DTevap=13.4K

Te=13.396°CTe=12.77°CTe=12.35°CTe=11.808°CTe=11.17°CTe=10.188°CTe=8.21°CTe=3.037°C Te=5.42°C

DTevap= 18 K

Te=1.523°C

Water in

Water out

193



 
 

XI National and II International Engineering 

Thermodynamics Congress 
 
 

10,8ºC is shown in dark-blue whereas bright colours are for intermediate temperature. Red are for 
temperatures near 20,1ºC and white for temperatures above. The following aspects can be clearly stated. 

 

Table 2. Thermographies for dTwater= 5 K with variation of inlet quality and superheat 

dTwater= 5K SH= 0 K SH= 5K SH= 10 K SH= 15 K 

x=0.06 

 

 

 

   

x=0.14 

 

 

 

   

x=0.20 

 

 

 

   

x= 0.3 

 

 

 

 

 

  

     

Tevap=8.37ºC 
DTevap= 5.4 
x=0.141 

Tevap=7.39ºC 
DTevap = 5.3 
x=0.141 

Tevap=4.61ºC 
DTevap = 4.9 
x=0.142 

Tevap=10.01ºC 
DTevap = 4.3 
x=0.191 

Tevap=8.42ºC 
DTevap = 4.9 
x=0.185 

Tevap=4.8ºC 
DTevap = 5.1 
x=0.208 

Tevap=12.71ºC 
DTevap= 4.6 
x=0.322 

Tevap=9.50ºC 
DTevap= 4.6 
x=0.289 

Tevap=4.92ºC 
DTevap= 4.8 
x=0.303 

Tevap= 4.61 ºC 
DTevap= 5.3 
x=0.068 
  

Tevap= 10.34 ºC  
DTevap= 4.58 
x=0.078 

Tevap= 9.00 ºc 
DTevap= 5.17 
x=0.085 
  

Tevap= 12.34 ºC  
DTevap= 5.26 
x=0.053 

Tevap= 12.81 ºC  
DTevap= 5.22 
x=0.142 

Tevap= 13.21 ºC  
DTevap= 4.85 
x=0.199 

Tevap= 13.34 ºC  
DTevap= 4.859 
x=0.305 
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Similar to the above mentioned, the next table shows the corresponding IR thermographies for a water 
temperature difference of 13 K. They are given in tables in the corresponding order of superheats. The 

minimum temperature of the scale is set to -5ºC and the maximum to 16ºC. If the previous scale were 

used, no bright colours were distinguished, only a dark-blue frame. 
 

Table 3. Thermographies for dTwater= 13 K with variation of inlet quality and superheat 

dTwater = 13 K SH= 0 K SH= 5K SH= 10 K SH= 15 K 

x=0.06 

 

 

 

   

x=0.14 

 

 

 

   

x=0.20 

 

 

 

   

x= 0.3 

 

 

 

   

Tevap= 4.05 ºC  
DTevap= 12.9 
x=0.042 

Tevap=5.9 ºC  
DTevap= 13.04 
x=0.142 

Tevap= 6.14ºC  
DTevap= 12.88 
x=0.198 

Tevap= 6.02 ºC  
DTevap= 13 
x=0.295 

Tevap= -1.8 ºC  
DTevap= 12.9 
x=0.069 

Tevap= -1.02 ºC  
DTevap= 13.2 
x=0.064 

Tevap= -1.88 ºC  
DTevap= 12.9 
x=0.072 

Tevap= -2.02 ºC  
DTevap= 13.1 
x=0.139 

Tevap= -2.46 ºC  
DTevap= 13 
x=0.139 

Tevap= -1.88 ºC  
DTevap= 13 
x=0.141 

Tevap= -1.43 ºC  
DTevap= 12.7 
x=0.209 

Tevap= -2.08 ºC  
DTevap= 12.5 
x=0.215 

Tevap= 4.8 ºC  
DTevap= 13.1 
x=0.291 

Tevap= 3.67ºC  
DTevap= 13.2 
x=0.304 

Tevap= -2.31 ºC  
DTevap= 12.77 
x=0.199 

Tevap= -0.43 ºC  
DTevap= 13.1 
x=0.268 
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The following aspects can be clearly stated from the thermography pictures presented in table 4 and 
table 5: 

 

 The two-phase flow region can be identified by a sharp red line. 

 For operation with superheat points, the two-phase flow region is not even distributed, 

indicating a maldistribution of the refrigerant mass flow. The right or the central part of the heat 

exchanger is shown to be occupied by two-phase flow. This indicates a higher mass flow rate 

in this part of the heat exchanger.  

 The inlet quality influences the distribution. A higher inlet quality leads to a more even 

distribution of the two-phase flow region. However, higher inlet quality seems to not improve 

distribution for dTwater = 13 K. 

 For higher superheats the two-phase flow area is smaller than for lower superheats, the same 

superheat can be assumed for all channels.  

 For lower superheat and inlet qualities the two-phase flow of the right part of the heat exchanger 

occupies the whole length of the channel. There the required superheat is probably not reached. 

 Optimum refrigerant distribution is achieved when no superheat is performed although vapor is 

entering. As outlined in [7], this were only possible when no vapor was entering. Hence, further 

tests should be done with only liquid entering in the BPHE. 

Nevertheless, the pressure difference between the low-pressure side (evaporator) and the high-pressure 

side (condenser) should be as small as possible to reduce energy consumption in the compressor. The 

higher the evaporation temperature, the higher the refrigerant density. Therefore, for each stroke the 
compressor can transport more refrigerant. Lower consumption and higher capacity will increase the 

total system efficiency. 

The evaporation process needs the most heat transfer area of the evaporator. A BPHE which is forced 

to work with a high level of superheat will have less heat transfer area available for evaporation. 
Therefore, evaporation temperature decreases and leads to both system capacity and efficiency 

degradation. 

 

Figure 4. Saturation temperature for dTwater= 5 K                   Figure 5. Saturation temperature for dTwater= 13 K 

It can be observed in figure 4 and figure 5 the evaporation temperature by plotting it as a function of 

superheat and inlet quality. In these figures the effect of maldistribution cannot be clearly observed as 

the influence of superheat and quality is present. Therefore, it is necessary to remove the effects due to 
thermodynamics. 
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 Figure 6. Absolute Tevap difference for dTwater= 5 K                Figure 7. Absolute Tevap difference for dTwater= 13 K 

In order to measure the effect of the maldistribution in the evaporation temperature and diminish the 

effect of thermodynamics (superheat and inlet quality), a software is used to obtain theoretical 

evaporation temperatures. The evaporator can be studied using the commercial software IMST-ART 
(IMST-ART v.3.90) [5]. IMST-ART is able to consider geometrical and operational parameters of 

evaporators in its global solution method called SEWTLE (Semi-Explicit method for Wall Temperature 

Linked Equations) [6].  

Data from the experiments, inlet conditions (quality, refrigerant mass flow, water mass flow and water 

inlet temperature) and exit conditions (superheat), is introduced in the software. The theoretical 

evaporation temperature is compared with the experimental evaporation temperature in figures 6 and 7 
for dTwater= 5 K and dTwater= 13 K respectively by absolute difference.  

As seen in the above tables 4 and 5, although maldistribution is observed in the thermography, 

evaporation temperature can be predicted with the software as seen in figure 6. In this way, 

maldistribution is not degrading the performance in a high level. Contrarily, when the temperature 
difference in the secondary fluid is higher, the effect of maldistribution magnifies. This results in a 

general underperformance of the evaporator and of the global system. 

For high temperature difference in the secondary fluid, evaporation temperature is unpredictable with a 
reliable software and opens the possibility to improve this kind of software with a new method to 

generate an initial guess of a better solution.  

4. Conclusions 

Maldistribution in a brazed plate heat exchanger has been experimentally observed with infrared 

thermography. When maldistribution occurs, evaporator surface temperature is distributed unevenly and 
can be registered with thermography as it is non-intrusive and non-contacting, having no influence in 

the evaporator. Inlet quality and superheat has been changed during the tests for a given water 

temperature difference to observe this phenomenon.  

As observed in the thermography pictures, inlet quality has a great influence in maldistribution at first 
sight. For high inlet quality, better refrigerant distribution is observed. However, superheat is observed 

to have a minor effect. The higher the superheat, better distribution is shown in the thermography for a 

5 K water temperature difference. Otherwise, an accumulation of two-phase flow is observed at the right 
side of the evaporator. Optimum refrigerant distribution is achieved when no superheat is performed.  
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Evaporation temperature has a great impact in system efficiency. Were the evaporator forced to work 
with a high level of superheat, less area is available for evaporation thus, evaporation temperature 

decreases. As expected, higher evaporation temperature is achieved when both low superheat and high 

inlet quality refrigerant is flowing. Although maldistribution is observed in thermography, 
underperformance is not inherited. Theoretical evaporation temperature obtained with reliable 

commercial software is compared with the obtained experimentally. Bigger temperature differences 

between experimental and theoretical results are obtained when higher temperature difference in the 

secondary fluid is present in the evaporator. The maldistribution effect is magnified by a higher 
temperature drop in the secondary fluid and penalizes the evaporator’s correct operation.  
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