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1. Learn simulation and optimization capabilities of DOE/ORNL Heat Pump Design Model 
(HPDM) and EVAP-COND package from NIST

2. Learn how to optimize heat exchangers to adapt to the transition to low-GWP refrigerants. 
In addition, learn to generate a thermophysical property look-up table for a blend of your     
interest

3. Learn techniques to speed up optimization and uncertainty analysis with computationally 
     expensive simulations.

4.  Learn how to conduct Life Cycle Climate Performance (LCCP) analysis for heat pump systems

Learning Objectives
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Outline/Agenda

• EVAP-COND structure and modeling approach

• Evaporator simulation (example)

• Optimization of refrigerant circuitry 



What is EVAP-COND?

EVAP-COND: Simulation models for finned-tube evaporators and condensers  (Domanski et al., 2021)

Features: 

• Tube-by-tube or tube sectional simulation

• Simulation of refrigerant distribution

• One-dimensional, non-uniform air distribution

• Condenser model capable of simulating above the critical point (gas cooler)

• Refrigerant circuitry optimization module

Installation requirement:
• Hard disk space: 80 MB



Heat exchanger representation
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EVAP-COND structure

Graphical User Interface

o  Input of data
 - heat exchanger
 - operating conditions
 - refrigerant

o Review of simulation results

EVAP.EXE

COND.EXE

Manual simulations
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ISHED = Intelligent System for Heat Exchanger Design

ISHED.EXE

EVAP.EXE

COND.EXE

Automated optimization 
of refrigerant circuitry



Refrigerant properties

• Look-up tables based on NIST database REFPROP Ver. 10.0 for 23 fluids (Lemmon et al., 2018)

• Look-up table generator is included to generate a look-up table for a refrigerant of interest 

Need to place look-up 
table files in the TABLE 
folder; 
explained in the 
instruction document 



Evaporator simulation (example)



Evaporator simulation summary



Evaporator detail simulation results



Detail simulation results



Optimization of refrigerant circuitry

Given:
- overall dimensions

- tube arrangement (tube spacing, row spacing)

- tube material, diameter and inner surface

- fin material, shape, and spacing

- inlet air velocity profile

- refrigerant

Goal: Optimize the refrigerant circuitry for maximum capacity

Trade offs:  Refrigerant mass flux   ;   heat transfer   ;   ΔP ;     ΔTsat

Temperature glide; thermal counterflow configuration



Optimization: Why is it difficult ?
 

• The number of plausible tube architectures is too large for any exhaustive search

• The search space is multi-modal: multiple local and global optima may exist 

• The search space is not continuous

2·1045

ISHED executes evolutionary process (Domanski et al., 2004)   

• Establish a population (generation) of individuals

• Evaluate each individual

• Select members from the current population to serve as 
“parents” for the new population; use the fitness of  the 
individuals as a guide for selecting “parents”

• Create members of the new population (children) by 
transforming the selected “parents”

Uses genetic algorithms and symbolic learning          



ISHED control parameters 

Number of designs per optimization run
• Number of designs per generation (e.g., 40)
• Number of generations (e.g., 200)

200 x 40 = 8000 designs

•   Predetermined pattern based on number of tubes and tube rows

Options for hairpin design

•   User-specified hairpin pattern (example)



ISHED simulation result;  need to modify circuitry design 



ISHED simulation result;  need to modify circuitry design (cont.)



Capacity Progression

Recommended number of designs
Insignificant capacity improvement beyond 8000 
design evaluations (40 x 200)  (Domanski et al., 2011)

Computational time
• Large hx required 3 hours
• Small hx required 1 hour
• Refrigerant blends require more time

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

0.85

0.90

0.95

1.00

R1234yf/large hx

Population size : 40

 

 

Q
/Q

fi
n

a
l

Number of evaluated membersNumber of evaluated designs

Concluding note
Different optimization runs will produce different 
designs with different capacities. Need to 
execute a few optimization runs to select the 
best circuitry for finalizing the circuitry 
architecture.  



Bibliography

Domanski, P. A., Yashar, D., Kaufman, K. A., Michalski, R. S., 2004. An optimized design of finned-tube 
evaporators using the learnable evolution model. HVAC&R Research, 10(2): p. 201-211

Domanski, P., Yashar, D., Lee, S., Wojtusiak, J., 2011. Practical aspects of applying evolutionary 
algorithms for optimizing refrigerant circuitry in heat exchangers. 23rd IIR International Congress of 
Refrigeration. https://iifiir.org/en/fridoc/practical-aspects-of-applying-evolutionary-algorithms-for-
optimizing-28088

Domanski, P., Yashar, D., Wojtusiak, J., 2021. EVAP-COND, Version 5.0; Simulation Models for Finned-
Tube Heat Exchangers with Circuitry Optimization. National Institute of Standards and Technology. 
https://www.nist.gov/services-resources/software/evap-cond-version-50 (free download)

Lemmon, E., Bell, I., Huber, M., McLinden, M., 2018. NIST Standard Reference Database 23: Reference 
Fluid Thermodynamic and Transport Properties-REFPROP, Version 10.0, National Institute of Standards 
and Technology. https://www.nist.gov/srd/refprop

 



Questions?

Piotr Domanski

piotr.domanski@nist.gov
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