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Optimizing the refrigerant circuitry for a finned-tube evaporator is a daunting task for tradi-
tional exhaustive search techniques due to the extremely large number of circuitry possibili-
ties. For this reason, more intelligent search techniques are needed. This paper presents and
evaluates a novel optimization system called ISHED1 (intelligent system for heat exchanger
design). This system uses a recently developed non-Darwinian evolutionary computation
method to seek evaporator circuit designs that maximize the capacity of the evaporator under
given technical and environmental constraints. Circuitries were developed for an evaporator
with three depth rows of 12 tubes each, based on optimizing the performance with uniform and
nonuniform airflow profiles. ISHED1 demonstrated the capability to generate designs with
capacity equal or superior to that of best human designs, particularly in cases with non-uni-
form airflow.

INTRODUCTION
Performance of a finned-tube air-to-refrigerant heat exchanger is affected by a multitude of

factors related to its design and operation. These factors include the overall heat exchanger
dimensions, the type of refrigerant-side and air-side heat transfer surfaces, fin spacing, tube
pitch, depth row pitch, refrigerant circuitry design, and air velocity distribution over the frontal
heat exchanger surface. Typically during coil design, the outside dimensions are dictated by the
available installation space, and most of the remaining parameters are imposed on the design
engineer by established manufacturing practices, e.g., heat transfer surfaces or tube spacing.
Hence, in many cases, the heat exchanger optimization process focuses on identifying refriger-
ant circuitry that provides the maximum heat transfer rate for given environmental constraints.
In fact, refrigerant circuitry may have a significant effect on the evaporator capacity
(Chwalowski et al. 1989; Liang et al. 2001).

Designing an optimized refrigerant circuitry is particularly difficult if the airflow is not uni-
formly distributed over the coil surface. Also, optimizing refrigerant circuitry for a new refriger-
ant may prove to be difficult since the design experience gained from work with conventional
refrigerants may not extend itself to a new refrigerant with different thermophysical properties.
If left only to laboratory experiments, heat exchanger optimization is very expensive due to
compounding costs of engineering analysis, manufacturing of coils with different circuitry
designs (architectures), and their testing. 
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One way to aid the design effort is to use a detailed heat exchanger simulation model that
accounts for the refrigerant circuitry layout, such as the evaporator model EVAP, contained in
the EVAP-COND simulation package (NIST 2003). Figure 1 shows EVAP’s representation of a
heat exchanger’s refrigerant circuitry. The solid lines are return bends on the near side of the
evaporator, and the broken lines represent the return bends on the far side. In addition, to aid in
the visualization, each tube is given a tube number.

The model allows the user to specify refrigerant circuitry in the heat exchanger on a
tube-by-tube basis. The user may perform a series of simulations for different circuitry architec-
tures. EVAP provides detailed simulation results for individual tubes, e.g., refrigerant tempera-
ture, pressure, and quality. These results can guide the user to the optimal design, which can be
validated later in a laboratory test.

The coil optimization process can be further upgraded if the optimization program replaces
the design engineer in preparing candidate circuitry architectures. This paper describes a con-
cept of such an automated scheme as implemented by an experimental program ISHED1 (Kauf-
man and Michalski 2000), and presents examples of ISHED1’s results.

OVERVIEW OF ISHED1

Figure 2 presents a general diagram of the ISHED1 system. It includes the control module,
the evaporator model EVAP, and two other modules: the knowledge-based evolutionary compu-
tation module and the symbolic learning-based evolutionary computation module. These two
modules guide the evolutionary process according to the concept referred to as the learnable
evolution model, or LEM (Michalski 2000, 2003). 

Figure 1. EVAP’s representation of an evaporator.






















