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Learning Objectives

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

ASHRAE is a Registered Provider with The American Institute obf Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AlIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.
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Outline/Agenda

e 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 (pomanski 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)
e Refrigerant circuitry optimization module

Installation requirement:
e Hard disk space: 80 MB



Heat exchanger representation
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EVAP-COND structure

Graphical User Interface
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Refrigerant properties

e Look-up tables based on NIST database REFPROP Ver. 10.0 for 23 fluids (temmon etal, 2018)
e Look-up table generator is included to generate a look-up table for a refrigerant of interest

24 Thermaphysical Property Look-up Table Generator for EVAP-COND 5.0 (Last Updated: 2020-11-19) - O X 22| Thermophysical Property Look-up Table Generator for EVAP-COND 5.0 (Last Updated: 2020-11-19) - m] P4
£ started at: 2021-12-16 13:44:21 === £ started at: 2021-12-16 13:44:21 =5
Look-up Table Generatorv.2 Look-up Table Generatorv.2
Selection Information Selection Information
4] Select Predefined Blend X
Selected Selected: R458A [R-32125M134a/227eal236fa (20.5/14/61.4113.5/0.6)]
Single-Compound single-Compound
Fluid R452C A Fluid !
Blend compaosition

R4534 .
R454A " i
R454B Component MoleFraction MassFraction
RA54C R32 0.354 0.205

Predefined Blend RAFEA Predefined Blend R125 0030 0.040
R456A
RASTA R134a 0.541 0614
RABS4 R227ea 0.071 0.135
R459A R236fa 0.004 0.006

Define New Blend R459B Define New Blend
== Need lace look
rascs — eed to place look-up

R501 . .
Pressure Limits R502 Pressure Limits Mumber of Levels t b I f I t h TA B L E
able files in the
High Pressure 2000 KkPa RS04 High Pressure 2000 kPa Pressure 50 L

folder;
kPa RE508A Low Pressure 200 kPa 50 s ’

explained in the
Save Table Parameters R5124 v Save Table Parameters Exit i n St r u Ct i O n d o C u m e n t

Cancel

LowPressure  |200




Evaporator simulation (exam

Refrigerant Selection x ity EVAP-COND 5.0 - EVAP3n.dat - | bt
File Edit Operating Conditions Run Simulation  Simulation Results  Circuitry Optimization  View  Window  Help
Select Refrigerant Refrigerant Property T ables O |B’“|EI |§| i | W| ] |§:|T’| s Bac
Ammmaria ~ E waporator |
Coz2 Mumber of pressure pointz |50 EVAP3n.dat E\@
|zobutane A
Propare Coil Design Data
R11E
R12344 Drata for a section ST
O 1. 03!

E:II gﬁize[E] Mo. of tubes in depth row #1: ‘
RB1525 Mo, of tubes in depth now §2: 16 Units
B1E1 Mo, of tubes in depth raw #3: 16 v Sl Units [ British Units
Rz2 Mo. of tubes in depth row 84 a
Ra04s Mo. of tubes in depth row #5: ] Mumber of slabs 1
RAnC Tube data Fin data

Tube lenath [ mm [454 Thickness mm [0.2032

Inner diamet . : I I

Outer diamel  VEl@City Profile *

Tube pitch

Depthrow p| | SPecified vl flow rate | 30.00 mé/min Vb el e

v rate. Adjust air
Iner suface | Average face velocity | 2,66 m/s welocity profile Cancel
M aterial
Thermal Integrated vol. Aow 1500 ré/min Use integrated vol. fow Welociy l—
[ rate and aszociated :
Average face velocity | 1.33 m/s air velocity profile Lacation | Ready

Evaporator Operating Conditions

R efrigerant Air

Outlet zat. temp. ’T [7. 4 Inlet temperature ,F W
Superheat () 5 Inlet pressure IW 10.325

Mags flow rate (estimate) [kg?h) m Inlet relative humidity IW ’D57
Inlet quality [fraction] 0.2
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Evaporator simulation summary

EUAP

g EVAP-COMD 5.0 - EVAP3n.dat
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Circuitry Optimization

- | x
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Ready
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Air Refrigerant Results ~
Inlet temperature (C) 267  Qutlet sat temp. (C) 7.2 Total capacity (kW) 9.61
Inlet pressure (kPa) 10132  Superheat (C) 516 Sensible capacity (kW) 6.86
Inlet relative humidity (fraction) 050 Mass flow rate (kg/h) 14174  Latent capacity (kW) 265
Vol flow rate (m3/min) 30.00
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Simulation Results Summary X
s
——————————————————————— EVAPORLTOR SIMULATION SUMMARY-————-—-"—-—"—"—"—"——————————
Coil: EVAP3n._dat Number of slabs: 1
EEFRIGERANT: R332
EEFRIGERANT SIDE
Refrigerant mass flow rate: 141.7 [kg/h]
Hf sensible capacity: 7.055% [kW]
HX latent capacity: 2.649 [EkW]
HX total capacity: 9.708 [EW]
Fan power: 0.100 [kEW]
Sensikble capacity with fan heat: £.955% [KkW]
Total capacity with fan heat: S.€08 [kW]
Outlet saturated temp. and superheat: 7.2 5.2 [C]
Inlet and outlet temperatures: 9.2 1z .4 [C]
Inlet and outlet pressures: la20.5 1017.7 [ERa]
Inlet and outlet gualities: 0.200 1.000
LIR SILDE
2ir wol. flow rate (std. air): 29.3 [m~3/min]
2ir temperature distribution [C]: 26.7 21.7 17.0 14.5
Zir temperature downstream fan [C]: 14.7
Bir rel. humidity distribution [%]: 500 _.547 _813 .384 -
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Evaporator detail simulation results
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Detail simulation results
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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 1; heat transfer 1; AP 1, AT 1
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

S8 EVAP-COND 50- workD st - o X ISHED executes evolutionary process (Domanski et al., 2004)
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ISHED control parameters

ISHED Control Parameters - Evaporator *

s Options for hairpin design
" ro “ .
© et orede e Pt * Predetermined pattern based on number of tubes and tube rows

{” Hairpins with User Defined Pattern

25 26 27 28 29 30 3 32 33 34 35 36 25 26 27 28 29 30 31 32 33 34 35 36
_Farpns wihout et Tt ors A A
Design Rules

o9 o—© 0o 0 9 0 © 0 O o—e oo oo o9 oo oo
1 2 3 4 5 6 7 8 9 10 1 12
Inlet and exit tubes must not be adjacent * Yes (" MNo
» User-specified hairpin pattern (example)
e—ao
P N W R e
Design Constraint Parameters Suggested Jr/jf v ma/!fff
o9 o—e
Maximum allowed distance between tubes 5

Minimum number of inlets {1-10)

Maximum number of inlets {1-10)

Maximum number of tubes fed from a single tube (1-3)
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=
=}
c
=3
P2 GO e mn{_J
[=]
m

\

B _— Number of designs per optimization run
b e = 22 * Number of designs per generation (e.g., 40)
Advanced Optimization Parameters Suggested |~ Input Value .
Outputlevel of deai (02 : 2 * Number of generations (e.g., 200)
How long to seek an 5M operator 500 500
Persistence for an SM operator 5 IT 1
Termination condition for Learning Mode 1 2 .
Termination condition for Probing Mode 2 2 200 X 40 = 8000 d es I g n S
Cancel | Ok |




ISHED simulation result; need to modify circuitry design
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. O

File Edit Operating Conditions Run Simulation Simulation Results  Circuitry Optimization View Window

D=|@|&| 2] &|g3|z| »| =| ReseB

Air

Inlettemperature (C)

Inlet pressure (kPa)

Inlet relative humidity (fraction)
Vol. flow rate (m*min)

26.7
101.32
0.50
30.00

Refrigerant

Outlet sat. temp. (C) 7.2
493
199.33

Superheat (C)
Mass flow rate (kg/h)

Results

Total capacity (kW)
Sensible capacity (kW)
Latent capacity (kW)

3.22

Sy e &R e o
4(9\59\51 ;><G 54

35 E\ 37"\-}.‘;

P

)
XM

S/ .-.-H..-.Hf%-f

Velocity

Location

g EVAP-COND 5.0 - [work2.dat]

= O

File Edit Operating Conditions Run Simulation Simulation Results Circuitry Optimization View Window

Di=dS 2] w3

7| »| =| Ras4B

Air

Refrigerant

Results

Inlet temperature (C) 26.7 OQutlet sat. temp. (C) 7.2 Total capacity (kW)
Inlet pressure (kPa) 101.32 Superheat (C) 453 Sensible capacity (kW)
Inlet relative humidity (fraction) 0.50 Mass flow rate (kg/h) 197.35 Latent capacity (kW)
Vol. flow rate (m*min) 30.00
B - - ———— - B e - -
4\5K N Q‘ﬁ\ )9/67)
..5.\@ S S, .... s q....
35 ‘E\ 37 38 3%\ ,45«/0

----d
Xu

22 23

A E e

7 8

Velocity

Location

3.26



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

Recommended number of designs

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

1.00

0.95 Computational time
~ * Large hx required 3 hours
£ * Small hx required 1 hour
< » Refrigerant blends require more time
O 090
Concluding note
R1234yt Different optimization runs will produce different
0.85 Population size : 40 designs with different capacities. Need to
G execute a few optimization runs to select the

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 best circuitry for finalizing the circuitry
Number of evaluated designs architecture.
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Questions?

Piotr Domanski

piotr.domanski@nist.gov



	Slide 1
	Slide 2
	Slide 3: Acknowledgements
	Slide 4: Outline/Agenda
	Slide 5: What is EVAP-COND?
	Slide 6: Heat exchanger representation
	Slide 7
	Slide 8: Refrigerant properties
	Slide 9: Evaporator simulation (example)
	Slide 10: Evaporator simulation summary
	Slide 11: Evaporator detail simulation results
	Slide 12: Detail simulation results
	Slide 13
	Slide 14
	Slide 15: ISHED control parameters 
	Slide 16: ISHED simulation result;  need to modify circuitry design 
	Slide 17: ISHED simulation result;  need to modify circuitry design (cont.)
	Slide 18: Capacity Progression
	Slide 19: Bibliography
	Slide 20: Questions?

