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Implementation of a Digital Twin of a Refrigeration-Cycle Plate
Heat Exchanger for Fault Diagnosis System Development

Hyun Seok Do*, Seung Min Lee*’, Byung Jin Lee*’, and Jang Wook Hur**
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Abstract

In this study, a digital twin model was developed for a Plate Heat Exchanger (PHE) in an air-cooled refrigeration
cycle using R-507A refrigerant, based on the Simscape Two-Phase Fluid library of MATLAB Simulink. The model
comprises a compressor, an air-cooled condenser, an expansion valve, and a plate heat exchanger. To emulate external
thermal loads, the heating-tank temperature was varied to 24.5, 35, and 39°C, corresponding to low-, medium-, and
high-load conditions, and four variables—the inlet and outlet pressures and temperatures of the heat exchanger —were
measured. Quantitative validation was then performed over the steady-state interval (t = 200 - 700 s) using the Root
Mean Squared Error (RMSE) and the range-Normalized Root Mean Square Error (NRMSE/range). As a result, a
digital twin model was established in which the NRMSE/range was 28.7% or lower for all scenarios and variables,
thereby satisfying the agreement criterion of 30%.

Keyword
refrigeration cycle, plate heat exchanger, digital twin, MATLAB/Simulink

* ZUF ey 7|48k} - Received: May 26, 2026, Revised: Jul. 13, 2026, Accepted: Jul. 16, 2026
- ORCID': https://orcid.org/0009-0001-0179-6720 + Corresponding Author: Jang-Wook Hur

- ORCID?: https://orcid.org/0009-0000-5084-033X Dept. of Engineering, Kumoh National Institute of Technology,

- ORCID®: https://orcid.org/0009-0006-6793-6200 61 Dachak-ro (yangho-dong), Gumi, Gyeongbuk, [39177] Korea

# TPFFANEA 7A T A RAIAH A Tel.: +82-54-478-7399, Email: hhjw88@kumoh.ac.kr

- ORCID: https://orcid.org/0000-0002-4718-3540


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2026.24.8.119&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

120 O14AVN2Y FES AT YF Ao BY GLIN Y UAY EY T

Exchanger)© TFr9] 852 Brazed plateE A} A%
& FzxE W9 AHT d¥g d9Ho] u¢ E
AHESIHAE 1889 dxdo| 7hssithe
ol 9o, 4HdE WE Aol dudrE 3
AeHA AHEE L ITH3]
AA &4 B lA %E Aol 2E 7] 2% W
s}, dolEAlE F3t 5% & T Ay 9%
B3l Ao =EHh o3 Ha} >
AW $7]9] Brazed joint®] @32 FFol &g W)
, Superheat Ao} ATz QI3 Auiujo] =7
/\}O]a A &4 && At 5 A2H
MO T4]. T2, ols} 2

O
HE 74 < AH 71Hke AFA 9

1 E

iy Jz_rizto—lr
1o lo Jras
411

8 4 3
magto 2 AFHQ dZele A7 glol, A
tAE E9 E%S ol A7t 2us) WY

TS

]:]x]l’-ﬂ E..,] Utﬂo] /\}A% 6:]%]—0]]/H cq]x]
A =72 Z8H7] e Fat Eﬂ il
A PHE A5 AZH oz 3T _/;. E
W, 71E WE AelEY HAE EY #4E A5
T2 AL Bk Aol La‘ %Zd %
Axe AFol 24& g ko, Rt
2 = O Aldeed 24 AgHos
3 Abdle AlgHE o] the).

B dTellMe bAE ELY 7P 27
TAIQl Physics-based simulation TIXE EY RdE
s AelEe] g dudlel disl MATLAB
SimulinkE 7|9t 2 F=31al, 7MEB I 5(T heat)
5 245, 35, 39°CE WSPAZ] 3704 &4 2Hel|A
RMSE(Root Mean Squared Error) % NRMSE(

Normalized Root Mean Square Error)/range% !
FH AP HASToEN, ot HES ik

ol
-

B
offt
2
ol & A rfo

Qe MVH Ak g ooz Arls A3 7k

o e 3o ot H oo £ ok
o
N
N,
4>
AN

-hiﬁruﬂ;

10l YeRd wkep o] 3
sz ) HEZe T4

=
}%‘

A3 J2e 7}%%@% 7}%H Eo]

w7 A Yol d& ML H YR
Falo] T MR AR S4EE B FLoln,
7] 317}

< A 3

20¢ A¥A 02 mASST

AR50 du] FY

S FAIsHH, olE F3l

a7 1 WS AAY A EA

Fig. 1. Refrigeration system experimental setup
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Table 1. Specifications of the experimental apparatus

Category Specification
Compressor Copeland CS20K7ME
Condenser Air-cooled finned-tube

Plate heat exchanger

Danfoss B3-014

Refrigerant

R-507A
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Table 2. Specifications of the plate heat exchanger

Category Specification
Model name B3-014
Heat load (Capacity) 05 - 5 kw
Design pressure 30 bar (A type)
Design temperature - 19 to +200 °C
Heat transfer area 0.36 m?*
Plate material AISI 304 stainless steel
Brazing material Copper brazed

Temperature sensor ‘

Temperature sensor

= -
\
N Pressure sensor

a8 2. M X (@) LY LT (o) BLY| &F
Fig. 2. Sensor location
(@) Evaporator inlet (b) Evaporator outlet
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Table 3. Measured cycle amplitude (std) per scenario
Variable 245 3BT 30T
P_in 0.044 0.052 0.059
Tin 2.030 2.310 2.680
P_out 0.043 0.047 0.058
T_out 3.040 3.110 3.880

T 4 AHE|28 HEM XFE(200 ~ 700s)
Table 4. Scenario-specific Consistency Metric(200 ~ 700s)
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