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Typical Single Phase Design



Typical single 
phase flow 

distribution for U 
and Z type header

Fundamentals of 
Heat exchanger 

Design, R.K. Shah,
Chapter 12
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Table 1. The geometric sizes of the test sections. 

 

D 

mm 
H (mm) W ( mm) AR (mn) t ( mm) b (mm) L (mm) 

3 

12 12 0.442 18.5 6 120 

9 9 0.785 

18.5 

5 

120 

13.5 110 

3.5 90 

7 7 1.298 18.5 5 120 

2 

12 12 0.196 19 6 120 

9 9 0.349 19 5 120 

7 7 0.557 19 5 120 

 

Liquid Flow Distribution Characteristics in Compact Parallel Flow 
Heat Exchangers, Part I: Typical Inlet Header, Applied Thermal 
Engineering, Vol. 31, pp. 3226-3234 (2011).
Liquid Flow Distribution Characteristics in Compact Parallel Flow 
Heat Exchangers, Part II: Modified Inlet Header,” Applied Thermal 
Engineering, Vol. 31, pp. 3025-3242 (2011).



Different flow 
distribution when jet 
flow pattern prevails







Flow Distribution 
Property of the 

Constructal Distributor 
and Heat Transfer 

Intensification in a Mini 
Heat Exchanger, AIChE
J., 2008 Vol. 54, 2796-

2807.



Review on two-phase flow distribution in parallel 

channels with macro and micro hydraulic diameters: 

Main results, analyses, trends, applied thermal engng., 

59, 2013, 336-353.



Causes of mal-distribution for typical Headers
Review on two-phase flow distribution in parallel channels with macro and micro hydraulic diameters: 

Main results, analyses, trends, applied thermal engng., 59, 2013, 336-353.



• R-410A, upflow, side 
inlet and end inlet

Refrigerant Distribution in Minichannel Evaporator Manifolds, HVAC&R 

Research, Vol. 13, 543-555 



• Flow distribution for  
side inlet is better than 
end inlet



Heat loading imposes negligible effect on the flow distribution



• The gravitational force and the momentum difference between 
the liquid and the vapor phases affect the phase separation in 
the horizontal manifold. Low momentum vapor on the top layer
is easily taken off in the branch tubes near the inlet, while the 
high momentum liquid on the bottom layer travels farther 
toward the far end of the manifold.

• For the end-inlet location, the profile of the branch tube inlet 
vapor quality is of a “stepwise” shape. As the manifold inlet 
mass flow rate increases, the number of branch tube groups 
having almost 100% tube inlet vapor quality also increases 
because the liquid-vapor interface is located closer to the end 
of the manifold due to the increased momentum. (upflow)

• For the side-inlet location, there are no regions with 100% 
branch tube inlet vapor quality, and the profile of the branch 
tube inlet vapor quality is symmetric. The branch tube inlet 
vapor quality is about 60% to 70% near the inlet and about 20% 
near the end of the manifold. Between these two regions, the 
branch tube inlet vapor quality decreases steadily along the 
manifold.



Two-Phase Flow Distribution to Tubes of Parallel Flow Air-Cooled Heat
Exchangers, Heat Transfer Engineering, 26(4):3–18, 2005

Classification of header flow 
direction:

(a) horizontal reverse flow,

(b) horizontal parallel flow

(c) horizontal normal flow

(d) vertical reverse flow

(e) vertical parallel flow

(f) vertical normal flow.





Down Flow

Reducing the inlet 
header provide slight 
improvement

Higher flowrate provide 
better flow distribution



General characteristics of two-phase flow distribution in a compact heat exchanger, 
Int. J. Heat Mass Transfer, 2009, 52, 442-450, HFE-7100, 4 different flow patterns in 

header, stratified, stratified jet, liquid jet, liquid film (For down flow)

For up flow



• Higher inlet quality provide better flow distribution

• Higher mass flowrate into the header give better flow distribution

• Vapor phase distribution in larger header is better than smaller diameter

• For low mass flux, liquid phase distribution is not significantly changed with header diameter

• For high mass flux, significant change of the flow distribution is seen.



Place restriction at the 
header inlet lead to jet 
flow and improve the 
flow distribution



• For vertically downward channels, better distribution for both 
phases as mass quality increases.
– Influence of the mass inlet velocity - more visible at high mass 

velocity. Reducing the header diameter deteriorated the two-phase 
distribution.

• Horizontal distribution channels showed enhanced vapour and 
liquid distribution even at low inlet mass quality.

• For vertically upward channels, no improvement even for high 
inlet mass quality.

• Expansion devices has a great influence on the flow structure by 
forming a liquid jet in the header. High jet velocities rendered 
the distribution more homogeneous and improves the two-
phase distribution.

• The presence of high-momentum phases and especially that of 
liquid favours the occurrence of impacts, fragmentation of 
liquid phase, the presence of a homogenized multidirectional 
two-phase structure and this renders the distribution more 
homogeneous. (Disperse the liquid phase is the key..)



Two-phase flow behavior inside a header connected 

to multiple parallel channels, Experimental Thermal 

and Fluid Science 33 (2009) 195–202 

• Air/Water System



Flow pattern inside the header
Adiabatic Developing Two-Phase Refrigerant

Flow in Manifolds of Heat Exchangers, ACRC TR225, R-134a (Down flow)

ACRC TR-225

Downflow

Placing the 
expansion valve 
near the header to 
result in expansion 
or developing 
region help to 
produce mist flow 
and a better 
distribution



Disperse  the liquid phase gives the best 
distribution, stratified flow shows worse 
distribution, jet flow with front pooling is 

slightly better than at rear pooling



Distribution of two-phase annular flow at 
header–channel junctions, Experimental Thermal 

and Fluid Science 28 (2004) 217–222



Air-water, G = 70 - 130 kg/m2s, x = 0.2-0.6. The flow in the header inlet was 
annular. D = 17 mm), 30 vertical flat tubes (hydraulic diameter, Dh = 1.32 mm)

Int. J. of Multiphase Flow 32 (2006) 1340–1353



Down flow, stratified flow 
pattern
As the protrusion
increases, more water is 
forced to rear part of the 
header with stronger intensity, 
slightly improve the inlet but 
the middle part is 
deteriorated and the rear part 
is improved.

• Downflow



Parallel flow
The air flow rate slightly 
increases or remains 
the same as the flow 
travels downstream. 

Reverse flow
the air flow rate 
decreases significantly 
as the flow travels 
downstream. This is due 
to the opposing trend of 
the header pressure 
difference between the 
reverse and the parallel 
flow. 

Down Flow arrangement



Comparatively less influence on 
flow distribution as compared 
to downward arrangement.

Liquid accumulated at the rear 
part of the flow channels

Air flow distribution is not 
significantly affected



• Except for the low quality (x 
= 0.2), the quality does not 
significantly affect the water 
or air distribution for x > 0.4.

• At x = 0.2, stagnant water 
region forms at the rear part 
of the upper header, and no 
flow is observed. The 
stagnant region disappears 
at higher quality. Fig. 12c 
shows that no stagnant 
region exists at h/D =0.

Effect of quality



MASS FLOW RATE DISTRIBUTION AND PHASE SEPARATION OF R-22 IN MULTI-
MICROCHANNEL TUBES UNDER ADIABATIC CONDITION, Microscale

Thermophysical Engineering, 8:129–139, 2004

• R-22 in multi-microchannel tubes 

under adiabatic condition.

• The test section consisted of inlet 

and outlet headers with the inner 

diameter of 19.4 mm and 15 

parallel multi-microchannel tubes.

• Each microchannel tube had 8 

rectangular ports with hydraulic 

diameter of 1.32 mm.

• The key experimental parameters 

were the orientation of the header 

(horizontal and vertical), flow 

direction of refrigerant into the 

inlet header (in-line, parallel and 

cross flow), and inlet quality (0.1, 

0.2, and 0.3)



Results



Horizontal header 
is for upflow

Normally 
horizontal header 
is better than 
vertical header

Vertical header 
shows worse liquid 
distribution

Vapor quality 
shows very minor 
influence

No significant 
variation (in terms 
of SD) for vertical 
or horizontal 
subject to different 
flow inlets



Evaporator tube = 4 mm

For larger diameter header, saturation 
temperature shows no influences, and 
smaller diameter manifold shows very 
small variations

Two-phase flow distribution in compact heat exchanger manifolds,
Experimental thermal and fluid sciences, 2004, 28:209-215

No mass flowrate effect, probably 
the mass flowrate is not high enough 
to alter the stratified flow pattern



At low quality (x~0.1), significant variation in liquid flow distribution is seen 
either for upflow or downflow but no significant change in vapor distribution.

Further increase the vapor fraction shows very minor change in distribution for 
both liquid and vapor phase. 



a short inlet tube of 50 mm was used in some 
experiments (in contrast to the original inlet 
tube length of 250 mm)



Effect of inlet configuration on upward branching of two-phase refrigerant in 
a parallel flow heat exchanger, Int. J. Refrig., 36 ( 2013) 1062-1077, 1- flat 

tubes, 70 to 130 kg/m2s and quality from 0.2 to 0.6



For Upflow,
Vertical inlet is the best, 
Normal inlet is the worst



Downflow shows  much worse distribution, no 
influence on vapor flow, parallel is the worst for 

downflow, vertical and normal is about the same.



Difference between air/water & R-134a (downflow)
High inertia of air/water leads to two higher mass flowrate at front and 

rear part. R-134a shows continuous drop



Effect of outlet header diameter
Effect of the header pressure drop induced flow maldistribution on the 

microchannel evaporator performance, Int. J. refrig.,  36 (2013), 2176-2186

Larger outlet header is better because 
refrigerant vapor velocity at the outlet header 
and corresponding pressure drop gradually 
decreases. The pressure drop across each 
microchannel tube becomes more uniform.



Effect of Microchannel Diameter

• microchannel hydraulic diameter 
varies from 0.8 mm (baseline) to 0.4 
mm while keeping other 
parameters and operating 
conditions constant. 

• A smaller microchannel diameter 
the normalized liquid mass flow 
rate becomes more uniform among 
parallel tubes. This is because the 
tube pressure drop increases, and 
therefore the ratio of outlet header 
DP to total evaporator DP is 
reduced, as shown in Fig. 14



Effect of Aspect Ratio

Better flow distribution can be achieved via
1) Enlarging outlet header diameter; 
2) Increasing heat exchanger aspect ratio 

(ratio of length to width);
3) Reducing microchannel port size.



Two-phase refrigerant distribution in a two row/four pass parallel flow minichannel
heat exchanger, Experimental Thermal and Fluid Science 77 (2016) 10–27

• Multi-pass, R-410A



Inlet on top

• 1st pass shows worse distribution, 
the first few tubes of 2nd pass 
shows very poor liquid distribution.

• At subsequent pass, normally 
downstream tube tubes shows 
more refrigerant

• The 4th pass shows very worse 
liquid distribution.



Inlet at the bottom

Slightly improved even 
flow distribution

Normally upflow pass 
gives better distribution



Two-Phase Flow Distribution to Tubes of Parallel Flow Air-Cooled 
Heat Exchangers, Heat Transfer Engineering, 26(4):3–18, 2005

• Previous research and the patent literature show 
two basic approaches to improved flow 
distribution:
– install obstacles (weir, inserts, or throttle plates) at the 

inlet end of the header or adjust the tube projection 
in the header

– install special distributor devices in the header, which 
locally feeds the fluid to the branch tubes. The use of 
a small diameter distributor tube (or similar) with 
small spaced exit holes along its length appears to be 
a viable concept to obtain good flow distribution.



• Vertical headers, two passes with a target capacity of 1.0 kW. 

• Refrigerant (R-410A) enters the left header, 

• To simulate an actual evaporator, tubes are heated to yield a test 
section outlet superheat of 5 C. Inlet and out-let locations were 
systematically varied in a search for an optimum position.

Refrigerant distribution in a parallel flow heat exchanger having vertical headers 
and heated horizontal tubes, Experimental Thermal and Fluid Science 35 (2011) 
920–932



2-pass 
Inlet at the top portion gives better 

distribution



Effect of inlet location

• Lower mass flowrate at the 
top due to gravity 
influence

• Lower tube at the 1st pass 
conatins more liquid due 
to gravity force



Effect of Mass flowrate
• Higher mass flowrate does 

not significantly improved 
the mass flowrate 
distribution

• Lower tube at the 1st pass 
conatins more liquid due to 
gravity force

• Note that the liquid phase in 
the 2nd pass is better 
distributed



Effect of outlet location

• For outlet header 
(2nd pass), outlet 
at the bottom is 
slightly better



The effect of the flow direction inside the 
header on two-phase flow distribution in 
parallel vertical channels, Applied Thermal 
Engineering 36 (2012) 245-251

• Air-water system

The effect of the flute orientation in terms of 
the  angle, showed an optimum operating 
condition, for all the flow rates here 
investigated, when the flow from the flute is 
downward ( = 180). On the other hand, flute 
exits upward ( = 0) do not yield meaningful 
flow distribution enhancements.
The best results were obtained when the flute 
holes were facing in the opposite direction to 
the vertical channel inlet, i.e. for  = 180.



The effect of the flow direction inside the header on two-phase flow distribution in 
parallel vertical channels, Applied Thermal Engineering 36 (2012) 245-251







• The flow distribution in the header of these inventions [23–25] depends 
on the shape, size, space of the holes, and the small distributor tube 
diameter. Among these, the small distributor tube diameter is a dominant 
parameter that strongly influences the two-phase flow characteristics in 
the tube. These designs will require modification if the operating 
conditions (total number of tubes, the refrigerant flow rate, or the inlet 
vapor quality) change.



• Each separating plate has a hole 
(51a–53a) that serves as a flow 
distribution orifice, which 
distributes to that chamber and 
feeds the refrigerant to the next 
chamber. The orifice diameter in 
the plates is decreased as the 
distance from the refrigerant 
inlet is increased. The flow 
distribution in the header 
depends on the location and 
number of throttle plates and 
orifice size. The design must be 
modified for a different total 
number of tubes or other 
operating conditions.



• The angled grooves 
in the distributor and 
the outer walls form 
a passage (49) to 
distribute the fluid 
flow into the 
respective channels 
(15) associated with 
each plate passage in 
the exchanger. 



Improvement via 
separation, downward 

arrangement

Improvement via 
homogenization

Developing Adiabatic Two Phase Flow in Headers —
Distribution Issue in Parallel Flow Microchannel Heat 
Exchangers, Heat Transfer, Engng., 25(3):61–68, 2004



Improving two-phase refrigerant distribution in the manifold of the refrigeration 
system, Applied Thermal Engineering 28 (2008) 2126–2135; R-134a, inlet 

pressure of 173.5 kPa and mass flux of 130–145 kg/m2 s.



New approach to improve performance by venting periodic reverse vapor flow in 
microchannel evaporator, Int. J. Refrig., 36 (2013) 2187-2195

Vapor venting provided a 5% increase 
of cooling capacity and 3% of COP 
when operated at identical test 
conditions, while the maximum COP 
improvement was approximately 10%-
12% when capacity is matched by 
reduction of compressor speed.

FGB: flash gas bypass
FGBR: revised flash 
gas bypass





Experimental verification of a condenser with liquid 
vapor separation in an air conditioning system, 
applied thermal engng., 51, 2013, 48-54.



Experimental investigation on the thermodynamic performance 
of double-row liquid–vapor separation microchannel condenser, 
Int. j. Refrig., Vol. 67, 2016, pp. 373-382.



Improvement of condenser performance by phase 
separation confirmed experimentally and by 
modeling, Int. J. Refrig., Vol. 78 (2017) 60–67.



Performances of a split-type air conditioner 
employing a condenser with liquidevapor separation 
baffles, Int. J. Refrig., ( 2012), 278-289

The results showed that the enhanced 
condenser unit could supply the equivalent 
cooling capacity and energy efficiency ratio 
(EER) as those of the baseline one at the 
standard cooling condition when it had only 
63.1% condenser heat transfer area and 
80.3% charge amount of the baseline unit. 
With the optimal capillary tube length of 700 
mm, the cooling capacity of the LSC unit just 
decreases by 2.9% as well as EER by 2.3% 
while charge is added to 18% more than the 
charge at the maximum EER.



Visualization of flow distribution in rectangular and triangular header geometries, 
Int. J. Refrig, 76 (2017) 170–183

Air-water system





Influence factors of flow distribution and a feeder tube compensation 
method in multicircuit evaporators, Int. J. Refrig., 73 (2017) 11–23.





Enhanced condensation heat transfer for 
dielectric fluid within microchannel heat 
sink,Int. J. Heat Mass Transfer, 106 (2017) 

518–525
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Performance of a finned-tube evaporator optimized for different refrigerants and 
its effect on system efficiency, Int. J. Refrig, 28 (2005) 820–827



Concluding Remarks
• Flow distribution is highly dependent on the flow pattern in header.
• Normally placing higher resistance at downstream (heat exchanger 

tubes..) would provide better flow distribution.
• Flow distribution also depends on the upstream conditions into the 

header.
• Geometric dimensions plays essential role in flow distribution. Inlet 

location into the header also influences the flow distribution 
appreciably.

• Flow direction/header direction also affects  the flow distribution.  
• Normally inlet quality imposes very minor influence of flow 

distribution, however, if a restriction is added to produced mist flow, 
better flow distribution occurs.

• Some liquid/vapor separation mechanism can effectively improve 
the distribution either in evaporator or condenser.
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