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a b s t r a c t

The effect of different type of condensers on the performance of R410A residential air-

conditioning systems was investigated in this study. Two R410A residential air-conditioning

systems, one with a microchannel condenser and the other with a round-tube condenser,

were examined experimentally, while the other components of the two systems were identical

except the condensers. Two condensers had almost same package volumes. The two systems

were operated in separate environmental chambers and their performance was measured in

ARI A, B, and C conditions. Both the COP and cooling capacity of the system with the micro-

channel condenser were higher than those for the round-tube condenser in all test conditions.

The refrigerant charge amount and the refrigerant pressure drop were measured; the results

showed a reduction of charge and pressure drop in the microchannel condenser. A numerical

model for the microchannel condenser was developed and its results were compared with the

experiments. The model simulated the condenser with consideration given to the non-uni-

form air distribution at the face of the condenser and refrigerant distribution in the headers.

The results showed that the effect of the air and refrigerant distribution was not a significant

parameter inpredicting the capacity of the microchannel condenserexperimentally examined

in this study. Temperature contours, generated from the measured air exit temperatures,

showed the refrigerant distribution in the microchannel condenser indirectly. The tempera-

ture contours developed from the model results showed a relatively good agreement with

the contours for measured air exit temperatures of the microchannel condenser.
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1. Introduction

Heat exchangers with multi-ported microchannel tubes are

already used in mobile air-conditioning systems due to their

compactness and high performance. For better understand-

ing of the physical phenomena in microchannel tubes, the

characteristics of heat transfer, pressure drop, and flow pat-

terns have been studied by many researchers as Kandlikar

(2002) and Thome (2004) reviewed. Also, the performance of

microchannel heat exchangers and their effect on CO2 sys-

tems have been investigated by Pettersen et al. (1998), Richter

et al. (2003), and Elbel and Hrnjak (2004). In these studies, the

microchannel heat exchangers on the high pressure side

were operated as gas coolers, not condensers, due to the

transcritical operating condition.

Besides the application of microchannel heat exchangers as

gas coolers in CO2 systems and as condensers in mobile air-

conditioning systems, there is a possibility that microchannel

heat exchangers can be used as condensers in a residential air-

conditioning system instead of the widely used condensers

with round tubes. It is widely known that microchannel heat

exchangers have an obvious advantage over RTPF (Round

Tubes and Plate Fins) heat exchangers in compactness. Conse-

quently, it is inferred that microchannel heat exchangers have

a larger capacity than RTPF heat exchangers for an identical

heat exchanger package volume. Even though apparently

better heat transfer characteristics of microchannel heat ex-

changers exist, microchannel heat exchangers are not com-

monly used in residential air-conditioning systems because

RTPF heat exchangers have a cost advantage, which is one of

the most critical factors of commercial products. As a result,

the experimental validation of the effect of a microchannel

condenser on a residential air-conditioning system was diffi-

cult to find in the open literature.

In this study, two heat exchangers were used as con-

densers in the same R410A residential air-conditioning sys-

tem, one with round tubes and the other with multi-ported

microchannel tubes in a parallel-flow arrangement. The

microchannel condenser was made to have nearly an identi-

cal face area, depth and fin density as the round-tube con-

denser which was the baseline. The size of the

microchannel condenser might be unrealistic, because it is

obvious that a microchannel condenser should provide higher

capacity and system COP than a round-tube condenser for

a nearly identical heat exchanger package volume. However,

the purpose of this study is to experimentally estimate im-

proved condenser and evaporator capacity and system COP

by replacing a round-tube condenser with a microchannel

condenser having almost identical frontal area and depth,

without considering heat exchanger cost. The baseline (round

tube) condenser along with all other elements of the system

was part of a carefully sized air-conditioning system. The

baseline system was examined in detail by Beaver et al.

(1999). In this study, the system with the round-tube con-

denser was operated at several standard test conditions, and

then the baseline condenser was replaced with the micro-

channel condenser without any change of other components

in the system. In identical test conditions, the performance

and capacities of the system with the microchannel con-

denser were measured and compared with those with the

round-tube condenser. In addition, a model was developed

for the microchannel condenser and it was validated by com-

parison with experimental results. With this model, the effect

of non-uniform air velocity distribution at the face of the

microchannel condenser and refrigerant distribution in

headers on the condenser capacity was investigated.

2. Experimental facilities and test conditions

An air-conditioning system was installed in separate envi-

ronmental chambers containing wind tunnels for simulating

indoor and outdoor conditions according to ANSI/ASHRAE

Standard (2005). Fig. 1 shows a layout of the system arrange-

ment and test facilities. The system with a hermetic scroll

compressor used an orifice tube as an expansion device.

Air temperature was maintained within �0.3 �C in both

chambers and absolute humidity was controlled within

�2% in the indoor chamber. A variable-speed wind tunnel

in each chamber simulated the operating conditions encoun-

tered in real application, and allowed an air flow rate mea-

surement within �1%. The refrigerant mass flow rate was

measured by a mass flow meter with an accuracy of �0.1%

of the reading. The temperatures and pressures of R410A at

the inlet and outlet of each component were measured by

immersed thermocouples with an accuracy of �0.1 �C and

pressure transducers with an accuracy of �3.4 kPa, respec-

tively. For determining capacity of heat exchangers, were

used for the evaporator and the condenser. The uncertainty

calculation of the measured capacity was based on the

guidelines presented by Taylor and Kuyatt (1994) and it

was performed using EES (Klein, 2005). The maximum uncer-

tainty of the capacity measurement was 1.6%. More informa-

tion about the complete facility was presented by Beaver

Nomenclature

d difference between inlet and outlet

D difference

OD outside diameter (mm)

P pressure (kPa)

Q capacity (kW)

T temperature (�C)

x vapor quality

Subscript

a air side

c condenser side

cp compressor

e evaporator side

g glycol

i inlet

n nozzle

o outlet

or orifice

r refrigerant side
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