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ABSTRACT

This study focuses on the distribution of a single-phase flow in a small channel heat exchanger. A test
section consisting of a cylindrical  header connected to 8 multiport flat tubes of 7 parallel small channels
(Dh = 0.889 mm) enables the measurement of singular and regular local pressure losses all along the header
and the small channels, as well as the flow distribution in each small channel tube. The flat tubes are inserted
up to the half of the manifold, i-e with an insertion height of 8 mm. We present and analyze the results of a
header  in  vertical  position:  vertical  down flow through the  manifold  and horizontal  flow in  the  small
channels (most of industrial applications). The experimental results are analyzed using a one-dimensional
model and compared with those obtained by a numerical simulation.

RÉSUMÉ

Cette étude porte sur la distribution d'écoulements monophasiques dans un échangeur de chaleur à mini-
canaux.  Une  section  d'essais  composée  d’un  distributeur  relié  à  8  barrettes  de  7  mini-canaux
(Dh = 0.889 mm) permet la mesure locale des pertes de pression singulières et régulières dans le distributeur
et dans les mini-canaux, ainsi que la distribution des débits dans chaque barrette de mini-canaux. On présente
et on analyse les résultats concernant la position verticale du distributeur (écoulement vertical descendant
dans  le  distributeur  et  horizontal  dans  les  mini-canaux)  correspondant  à  la  majorité  des  applications
industrielles. Les résultats expérimentaux sont comparés à ceux obtenus par la simulation numérique ainsi
qu'à ceux obtenus à l'aide d'un modèle simplifié unidimensionnel.

1.   INTRODUCTION

Using compact technologies is an efficient way to enhance heat transfer in process units [1] and to reduce the
refrigerant charge in refrigerating machines. For example, small-channel heat exchangers are widely used for
car  air-conditioning.  However  information  about  their  behaviour  remains  scarce.  Such  compact  heat
exchangers with small  channels consist  of  two headers or  manifolds (manifold and collector)  in which
pressure losses are not very well known due to singularities caused by insertion of flat tubes normal to the
main flow. This work aims to investigate experimentally the single-phase distribution in heat exchanger
manifolds and small channels. The chosen geometry is that widely used by car manufacturers (figure 1).
After its introduction in a cylindrical manifold, the refrigerant is distributed in flat aluminium multiport
tubes. The distribution is mainly controlled by the pressure drop along the tubes and that related to the flow
splitting in the manifold. This is the reason why the pressure drop in the manifold and the pressure drop in
the small channels were carefully measured. To characterize the flow behaviour a numerical simulation has
been carried out.
In  addition,  a  one-dimensional  model  was  realized  and  compared  with  the  experimental  results.  Few
comparable models have been proposed in the literature. These include mainly the study of Yin et al (2002)
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[2]  where  the  authors  access  experimentally  the  singularity  coefficients  related  to  the  intrusion  of  the
multiport flat tubes in the manifold through a global model. Another study is that of Maharudraya  et al
(2006)  [3]  where the  authors  investigates  numerically  the  influence of  various parameters  such as  the
insertion of the flat tubes, the input / output position of the exchanger...

Figure1. View of an industrial small channel heat exchanger. Refrigerant path.

2.   EXPERIMENTAL APPARATUS

The test section is made of transparent polycarbonate allowing us to visualize the flow distribution in the
manifold and in the small channels. It consists of a 16 mm diameter and 90 mm length inlet manifold, and 8
flat tubes. Each flat tube is 230 mm long and contains 7 small channels whose hydraulic diameter is Dh =
0.889 mm. The flat tubes are inserted, through the wall, up to the center of the manifold. Two experiments
were carried out, the first with HFE 7100 (HydroFluoroEther 7100) as working fluid, the second with water. 
An existing experimental test loop previously described [4] was modified to supply HFE to the inlet. A
Danfoss Mass 2100 mass  flowmeter  (∆ +/-  0.033%) was installed at  the inlet  of  the test section.  The
temperature was measured with a platinum sensor (∆ +/- 0.3%) and the pressure was measured with an
absolute pressure sensor Rosemount 0/2 bars (∆ +/- 0.2%). Eight mass flowmeters allowed us to measure
mass flow rates in each flat tube. The pressure loss along the manifold was measured with a Sensortechnics
-5/5 mbar differential pressure sensor (∆ +/-P < 5 Pa). Two other differential pressure sensors were installed:
a Rosemount -10/70 mbar (∆ +/- 0.2%) for the pressure drop at the contraction between the manifold and the
small  channels,  and a Rosemount  -50/250 mbar  (∆  +/-  0.2%)  for  the pressure drop  through the  small
channels.  The instrumentation of  the test section was transferred to a high speed data logger "National
instruments NI SVXI-1000" connected to a computer.
A second test loop was built to study flow distribution with water and the same instrumentation was used.
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Figure 2. View of the test section

3.  EXPERIMENTAL RESULTS 

3.1.  Distribution

The flow rate distribution within the 8 multi-port flat tubes was determined throughout the measurement of
the 8 mass flowmeters at each multi-port flat tube outlet and compared to the total mass flow0M& . The mass
flux range at the manifold inlet was varied from 15 to 500 kg/(m2.s) for HFE and from 100 to 690 kg/(m2.s)
for water. In figure 3, the dimensionless mass flow rates 0M/mi

&& , (i = 1 to 8) are presented. It is seen that the
distribution is nearly homogeneous whatever the inlet mass flow rate and the fluid. It can be remarked that
the maximal  pressure drop in the manifold was 300 Pa and 17 000 Pa in the small  channels.  The ratio
between the pressure drop in the channels and that in the manifold is always greater than 10. In this case the
flow distribution is said to be found homogeneous [5]. The dimensionless mass flow rate is found to be about
0.125 ±  0.03 in each flat tube except for the last one where a slight increase is observed. An “accumulative
pressure” forces the refrigerant towards the last multi-port flat tubes.
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3.2. Singular pressure losses

The flat tube protrusions inside the manifold and the presence of small channels induce many singularities
with corresponding pressure drops (figures 1 and 2). In the pressure measurements, the contribution due to
gravity was subtracted to obtain only the values of singular and regular pressure drops (respectively ∆Psing,
∆Pfr,  Eq. 3, 8, 11, 14 and 15). Pressure variation along the manifold is due to competition between two
phenomena: a pressure increase due to progressive decrease of the mass flow rate and a pressure decrease
due to regular and singular pressure losses. To distinguish one phenomenon from the other, we have studied
the pressure variation (i) in feeding the eight flat tubes (figures 4, 5 a and b), (ii) in only feeding the two last
flat tubes by closing the valves of the six first flat tubes (figure 4).
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Figure 3. (a) Schematic of the manifold. (b) Experimental distribution of mass flow rates (HFE and
water). The black line corresponds to numerical simulation results (Fluent).
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This second experiment allows us to determine the regular (friction) and the singular pressure losses in the
first  part  of  the  manifold.  By  comparing  both  experiments  (closed and opened valves)  the  singularity
coefficient due to flow splitting can be determined (Eq. 5 to 8). After the sixth flat tube, the flow rate
decrease leads to a partial compensation of these pressure losses (figure 4).
Based  on  experimental  results  with  closed  valves  and  the  numerical  simulation  (§4),  the  singularity
coefficients corresponding to flat tube insertions in the manifold were determined (Eq. 9 to 14).
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4.  NUMERICAL SIMULATION

The flow behaviour and the pressure drops along the manifold have been studied by numerical simulation.
Two softwares have been tested: "Comsol Multiphysics" and "Fluent". The results obtained with the two
softwares are comparable and only those obtained with "Fluent" are presented. The k-ε turbulence model has
been chosen. The inlet velocity and a constant outlet pressure have been imposed. The numerical simulation
has brought out the contraction effect caused by the insertion of the first flat tube in the manifold. Then, flow
recirculation zones develop between successive flat tube intrusions, confining the main stream between the
top of the flat tubes and the manifold wall (figure 6). The fluid seems to flow in a channel whose diameter
would be reduced and to be submitted to small contractions and expansions. We can define a reduced cross
section S  as shown in figure 7.
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Figure 5: Pressure variation in the manifold for two mass flow rates (opened valves) with HFE 7100 (a) and water
(b). Comparison between modelling and experiment

(a) HFE 7100 (b) Water

Figure 4: Pressure variation along the manifold for a 190 kg/h mass flow rate with all valves opened
and with 6 closed and 2 opened valves for both fluids (HFE 7100 and water)
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Figure 6: Numerical simulation with Fluent (k – ε model) of HFE 7100 flowing in the manifold (all valves
opened, mass flow rate of 223 kg/h)

5.  SIMPLIFIED ONE-DIMENSIONAL MODEL

A simplified model has been developed to predict the pressure variation along the manifold. In figure 7 are
represented the different zones in the manifold, as well as the calculation steps. This one-dimensional model
was  suggested  by  observations  of  the  flow  geometry  obtained  by  numerical  simulation.  Singularity
coefficients were then identified from experimental data introduced in this simplified model. In figures 5(a)
and 5(b) are presented the model results compared to the experimental data for both fluids (HFE and water).
It is observed a fair agreement between theoretical and experimental values. A slightly less good agreement
with the model is obtainedfor the pressure drop P0 – P2,.,P0 being the inlet pressure and P2 the pressure at the
flat  tube  number  2.  Indeed,  the  model  certainly  underestimates the entrance  effect  due  to  contraction.
However this difference, that increases with the mass flow rate, does not exceed 20 % with HFE and 14 %
with water. 
Referring to figure 3 and 7, four zones have been defined:
Zone 1 (a-b): sudden contraction at the entrance (from the whole cross-section of the manifold S0 to S = S0/2
above the top of the flat tube)
Zone 2 (b-c, e-f, …): flow splitting between the main stream and the flow inside the flat tube
Zone 3 (c-d, f-g, …): small enlargement between the sections S and S above the recirculation flow
Zone 4 (d-e, g-h, …): small contraction between S  and S

In each zone, the mass and momentum equations are written as following:
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where zp in the position of the pth flat tube ( 81 ≤≤ p ). The friction factor (Eq. 15) is determined from the
Shah and London correlation [1] in laminar regime and the Blasius formula in turbulent regime. The regular
pressure losses in the small channels have been measured [7] and it has been shown that the results obtained
with conventional tubes of larger diameters are applicable for small channels as underlined in references [7,
8, 9,10]. The coefficient corresponding to the flat tube insertion inside the manifold is about 0.31 comparable
to that observed in literature [11].

6.   CONCLUSION

The single phase distribution in the manifold of a small channel heat exchanger was experimentally studied
with two working fluids: HydroFluoroEther 7100 and water. The mass velocity was varied between 15 to
500 kg/(m2.s) for HFE 7100 and 100 to 690 kg/(m2.s) for water. The flow distribution was found rather
homogeneous and was not depending on mass flow rate within the studied range. The fluid behaviour was
determined by numerical  simulation and allowed us  to  build  a  simplified one-dimensional  model.  The
theoretical results are in fair agreement with the experimental ones.

NOMENCLATURE

Dh hydraulic diameter, m Greek symbols
f         friction factor γ aspect ratio
G       mass velocity, kg.(m2.s)-1 ρ mass density, kg.m-3

0M&    total mass flow rate, kg.s-1 Indices and exponents

m&      mass flow rate, kg.s-1 co contraction
P pressure, Pa ex expansion
P0      pressure at the manifold inlet, Pa fr friction

0S manifold cross section, m² i flat tube number

S reduced manifold cross section , m² p position
z distance along the manifold, m sing singular
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