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» Refrigerant for use of refrigeration & —
air-conditioning facilities 0
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@ Purpose &

To develop and select next-generation low-GWP refrigerants, What should we do?

How large How satisfactory  How superior for air-

effect of system system design & conditioning
drop-in? performance? control method? system

We consider How low GWP
value?

Complicated system
Problems : System test & introduction cost
Long time operation evaluation

Introduction of simulation technology

$

pevelopment OF @ general-purpose evaluation method w ity effect of
rEfrigera NtS ON air-conditioning system performance
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Overview of the refrigerant evaluation tool &ﬁﬁ&&gg&z

File(F) Calc(C) Module(M) Help(H)

% Features
=1 - Versatility

Standardization

Specializing in air conditioner
Calculation of refrigerant
charging amount is also possible
Consider controllability

)l

» Standardized analysis conditions and models of the most common refrigeration
equipment were constructed in cooperation with the Japan Refrigeration and Air
Conditioning Industry Association (JRAIA).
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1 4 Thermal fluid network
VWAV
PWMWMAAA -
Input ports Output ports
Condenser Comp. - )
Exp. P G > G, < q
P; D= Module |[—p P, < q
Objective system h. > —> h < 4
i 0 < 4
Module of each element f f
Evaporator o RV D N 111
~ Condenser
AN - Exp. Comp.
PVWAMAMAA
Accumulator 1717 Evaporator TT T
ﬁ —> —{ P>
> —> >
’q - - I b > Accumulator
Equation of contmuity > >
Equation of energy > >
% 3 Equation of motion
and so on
L)v Mathematical model of each element Thermal fluid network graph
Division of the system mto each element
Fig. Procedure of modular analysis
6
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@ Mathematical Model :© Heat exchanger
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Refrigerant side continuity equation

. W
( Ipr +8(pRvR) ~0
> \ > ot Oz
Ref. Ref. Refii ¢ sid i
. cirigerant Siae pressure 10sS
inlet \l/ outlet & P
. a})R _ 1 2 2
Air outlet =—Jfr 72/ r
A | Area m? Oz dIn
D Diameter m
f_| Fanning friction factor - Refrigerant side energy equation
G | Mass flow rate kg-s?
h | Specific enthalpy J kgt 0 u 0 v h Lc
j | Mass flux kg-m2-s? (pR R) + (pR s R) = = 9m
L | Length m ot 1974 SIn
P | Pressure Pa
q_| Heat flux W-m Pipe side energy equation
S Cross sectional area m?
t | Time s ol Lc, Apipe + e Apry
v Velocity m-s? ,OM M = qw —
p | Density kg-m3 ot Sw Sul
n Efficiency -
hv | Latent heat of vaporization | J-kg?

(‘Iom + jOuthVWat )

Equation for Air Side Continuity

I [ = Apipe + e Apin
PaoVaolao = PaiVarltar = 7

ProVa0 LA,O = U0

pA,IVA,ILA,I = GA,I

Air side pressure loss

2L.p Ve
PA,O _PA,I = _fA—A

D
Air side energy equation

ec

APipe + nFlN AFIN ]
L Out

PaoVao X A,OLA,O ~ PaiVal X A,ILA,I =

Equation for Air side water vapor balance

APipe + Men Apin
L

pA,oVA,ohA,oLA,o _pA,IVA,IhA,ILA,I =

Out

(qOut + JouMwa )
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Refrigerant

Nominal cooling
capacity length

2.2 kW 5m

/

£ . .
NEETE O [P Refrigerant charge

Expansion

0.9 kg
Condenser
Compressor

Pl PI =
: =
' 3
<

Evaporator
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@ Module Connection for System Analysis HERT P
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@ Characteristics of the GUI HEAT PUMP

* Who utilizes this simulator 7

Engineers and researchers with no required background in industrial and scientific simulations.
- Feature ?

Ease of simulation and analysis using GUI without coding

"7 Project[] - o < 7 Projectl]

9 Project ]

mc oreexe - a] X

File(F) Calc(C) Module(M) Help(H) File(F) Calc(C) Module(M) Help(H) csv. il KurodaKol ] X

File(F) _Calc(C)  Module(M) _Help(H) >

Il Kb fEA

Progran

T=101-08 [d

LA7oh B 79 BE BR AT & ©

J [ BES v
| B | L — % A % | | Elzemzas = 0
; / —TLTEREE =
< 2 o * e : _ phTR-E | aoh | mE | mm | AT MUCESUSE o | mE
Module Library x Module Library. x a Module Library x v v - Bwozs - v v
[l Waste Energy ~ - Waste Energy -~ - Waste Energy ~ 251000 ~
MDD Expanson CMD001Expansion T i-cMoo0iExpansion ‘ o
CMbonZTank cvooozTank cMoo0zTank A1 - f | WHU_Sys v
cMooozPump CMooosPump CMo003Purmp
CMO004Mixer CMODO4Mixer CMO004Mixer A B C D E F G FH-
oeseparator Croonepoparator Coon separator 1 [WHU_Sys|WHU_Sys! WHU_Sys{WHU_Sys! WHU_Sys{ WHU_Sys WHU_Fan WHU
CM00THeatEx CMDDOTHea Ex CMo00THeatEx 2 4231 101.325 304.969 1.25 110.325 -29.5502 4.231 10]
CMooSBuner CMDOOGBLmer P —
crooosElower CMooosBlower cvooosElower 3 4231 101449 304969 127122 105825 527669 4231 101
sty Y e sty =" sty Y 4 4231 101511 304969 127225 103575 100932  4.231 10]
Chi00sheatex CMI00Sheatex CMi00sheatex 5 4231 101542 304969 127036 10245 130318 4231 10]
M1101absorber I_ayo ut of Va p or CM1t01absorber 110 1absorber :
MiloAB G n v CM1I02E G In v | Comwasen v 6 4231 101557 304969 126881 101.888 147.928 4231 10
< . . o < > < > 7 4231 101565 304969 1.26788 101606 157.94 4231 10]
con IpreSSIOn air 5 8 4231 101569 304969 1.26737 101466 163349 4231 10]
0002 .. F 0002 0002 9 4231 101571 304969 126711 101395 166.17 4231 10]
Tank d t 2 E Tank Tank 10| 4231 101572 304969 1.26697 101.36 167.613  4.231 10]
conditioner I ,
C7>|_I ">|_I 11| 4231 101572 304969 1.26691 101343 168.343  4.231 10]
. ) ) 12| 4231 101572 304.969 126687 101334 16871  4.231 10]
2
o 13| 4231 101573 304.969 126686 101320 168.894  4.231 101
1

14| 4231 101573 304969 126685 101327 168.986  4.231 10]
15| 4231 101573 304969 126684 101326 169.032  4.231 10]
16| 4231 101573 304969 126684 101326 169.056  4.231 10]
17| 4231 101573 304969 126684 101325 169.067  4.231 101
18| 4231 101573 304969 126684 101.325 169.073  4.231 101
19| 4231 101573 304969 126684 101.325 169.076  4.231 101
20| 4231 101573 304969 1.26684 101325 169.077 4231 10
21| 4231 101573 304969 1.26684 101.325 169.078  4.231 10
22| 4231 101573 304969 1.26684 101.325 169.078  4.231 101,
e @ « >
HWEET Gerer B [ i +100%

Devioy Glose e Depoy Close

213
accumulator

Devloy Gose

Return] Key Dynanic Calculation

b

(a) Main screen of GUI (b) Calculation on GUI (C) Output data CSV(EXCEL) file

Fig. Feature of Energy flow +M Il
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Performance evaluation facility

'

Indoor unit room Measuring chamber

15-18 May 2023, Chicago, lllinois 11



@) Experimental Validation gm@hmw

/4 CONFERENCE

Sy~

~ Appearance of actual testing equipment

A

Indoor unit installed | _ Outdoor unit installed
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Experimental Validation g
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Test conditions

Indoor Outdoor . .
Partial load ratio

(%)

Test condition temperature (°C) temperature (°C)
Dry / Wet Dry / Wet

Standard cooling

Full-capacity test el 100
m Standard cooling 35 /24 50
ol Half-capacity test 27 /19
m Low-temperature cooling 29/ 19 50
Half-capacity test
Low-temperature cooling
m Minimum-capacity test 29/ 13 2>

Refrigerant Refngerant
t ne arge Oor S| eed fate

Kg/h
910 55 O 51.0

m 400 62.5 28.2
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Comparison of experiment and simulation A%“"“M"
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\D Simulation Result
\ . Experimental Data
capacit consumption rate temperature | temperature
L % % °C °C
100 100 100 44.6 6.99

/\/\ R 9.1 100 101 44.7 8.4

[Mpa]

Pressure

0.]
300

Enthalpy [kI/kg]
Compressor Compressor Compr.essor Corn pressor Degree of Degree of
suction pressure | discharge pressure stction discharge superheat subcooling
temperature temperature
MPa MPa °C °C °C °C
0.621 1.71 19.3 81.8 2.83 2.11

m 0.587 1.72 19.8 82.1 2.14 4.32
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Comparison of experiment and simulation A%“"“M"
results (R290)
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- -40°C  -20°C  0°C 20°C 40°C 60°C 80°C 100°C 120°C
\/_R\ Simulation Result
) . Experimental Data
AN
capacit consumption rate temperature | temperature
(0) (0) (y (o) o

I % % 6 C C
| Experiment [T 100 100 46.0 6.13
ﬁ/\ | Simulation [T 100 99 46.2 7.43
50 200 250 300 35]5011ma1:$(im<:]50 500 550 600 650 700

Compressor Compressor
Compressor Compressor P . . - Degree of Degree of
suction discharge .
suction pressure | discharge pressure superheat subcooling
temperature temperature
°C °C °C °C

MPa MPa
0.570 1.57 12.8 64.5 0.10 3.89

m 0.564 1.58 13.2 65.5 0.82 5.00

ure [Mpa]

Press

0.1
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®) Conclusion &%ﬁ‘&%&%‘é

1. This study presented the recent development of a simulation platform adopted for
the use in refrigerant performance evaluation analyses.

2. A standard model for a single-split residential air conditioner was developed and
validated with dedicated experimental tests conducted on a 2.2 kW R22 air conditioner.

3. Numerical simulations with R290 were validated with corresponding drop-in tests of
the same air conditioning unit.

4 . It was shown that the simulation results accurately represent the operating

performance of actual systems with different refrigerants and may be effectively used for
evaluating the performance of new low-GWP fluids.
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©) Researches related to this presentation &ﬁ%&&gm@

1. LCCP Evaluation for Air-to-Air Heat Pumps using Next-Generation Refrigerants

- Residential Air Conditioners —
=The power consumption of room air conditioners were calculated by this simulator.

2 . Development of Industrial Heat Pump Simulator
=Based on this simulator, simulators specialized for industrial heat pumps

have been developed.

3. Load-based Performance Characterization of Air Conditioners

Using an Emulator-type Assessment Technique (at the poster session)
=This facility was used as an experimental device to verify the accuracy

of the simulator,

Thank you for your kind attention
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‘@ Heat transfer coefficient, coefficient of friction, slip ratio HERT PUMP
Heat transfer coefficient (refrigerant) Pressure drop (refrigerant)
R R ———5§5—5—8—8————.,
a, = NugAp/Dpy, » Two-phase flow : Chisolm's equation with Lockhart-Martinelli parameters
. .. . . t t - t L/Tl t 1 GlgBi(l _x.!tiBi) :
» Condensation heat transfer coefficient in tube: Notsu et al. equation Eapi = Prp: = Preies 1 Jri X T~ Pliarsig| ~g e =
i LFLiq,RBi
Nug = max {Nug,, Nug } Jarw =0079Re; ¢
GaP, . ° - 03 1- R GRDIn
Nu,, = 0.725(M] {1,0+0.003 PrR‘Ll.qC;'l’%} (1L0+C,C,)** Reg ., J;#
R.Lig o N s 0 —14 20 + 1 v (l—xR JO-Q[F’R.V@ ]0.5 (IJM,Q ]0_1
) 1z +0.8 3 . Lig = Y. Tyz =
Nug , = O'Olg(ReR-Lm -~ j (X—RJ (PrR.LqurMJ [LOJF T O-ZHR‘VWJ o r Pr.ig Har yap
Pr.yap 1=2x Reg 1 Pry, Py > Single-phase flow: Blasius equation
. . . . . . . _ L 1 GE ; 2
» Evaporative heat transfer coefficient |n2 tyfes. Yoshida et al. equation Eapi = Pipi — Plpiss ¥ {thBi x DLzlp‘t‘BiE(si:gB.) }
370 Box10' +0.23(Box10*) [Lj Juse =0.079Rey™
Ay sp11Q Xn G.D
5 R In- (xg<0)
» Single-phase flow: Dittus-Boelter equation Rep = Z‘“g'“q
RYIn
Nug sp = 0.023ReQ8Pry Smbtyay W
Heat transfer coefficient (air) Slip ratio
-
Aoy = Nuy 4, D, > Smith equation
» Heat transfer coefficient outside the tube and fin efficiency: smet(log)x JPL/pG +e(lx—1)
Equation of Seshimo and Fujii et al. Re.PrD. )" 1+e(Y-1)
Nu, =2.1| —2—4—=
L, &: Virtual average liquid ratio, ¢ = 0.4
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