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Development of High-efficiency Centrifugal Refrigerating Machine

by Tadashi YAMAGUCHI, Naoyuki INOUE, Tadashi SATO, Atsushi KANEKO, Shuichiro HONDA, & Hiroyoshi WATANABE

A high-efficiency, centrifugal refrigerating machine has been developed and is expected to be released into the market within this
year. This novel and unprecedented centrifugal refrigerating machine features a duplex refrigerant cycle for enabling a high COP of 7.0
(under a rated condition), a high-efficiency compressor driven by a gear-less, high-speed motor which is inverter controlled. Perfor-
mance test results indicated favorable temperature, partial load, and control characteristics.
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Table 1 Specifications of developed refrigerating machine

HH Hifir w5

Items Units Specifications
B kW 17581
Capacity USRt 500
WA T o
Chilled water inlet temp. ¢ 170
WA T RS e 70
Chilled water outlet temp. ’
K = .
Chilled water flow rate L/min 2520
WHIK A TR EE P
Cooling water inlet temp. c 320
EHIKH T E %
Cooling water outlet temp. C 370
W HIK G .
Cooling water flow rate L/min 5760
A N =%RJJ kW 2512
Inverter input ’
BAEfREL (COP) _ 700
Coefficient of performance ’

(2) 7L A SRk
(3) A v /N— ¥ ERE) v i B
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3-1 S
F—REGEHBEOGHE LT HICHSLRT WS
R123, R134a, RITHRM S NIG® 72 R245fa, 2, i
GWP-HFC#®# L L CiEH SN D R152a% &%, &
Ml & U C MG L 720 25 ORI 2 R 218 T,
F 2w, ODPIZA YV V@R T, W R % JEdE
fi1.0& L, GWPIZ#iERiEE(LEREL (1004F) T, CO,
ILEEI0E LT3,
WHIAZNVERR L 22 DML LTI, AR

K2 WU

Table 2 Properties of refrigerants

s

WM R123 | Ri34a | R245fa | RI52a
Refrigerants

WL HCFC | HFC | HFC | HFC
Classification

sy CHCLCF; | CF.CH,F | CFCHCHF,| CHF,CH
Molecular formula R R A R
T MHHRE 0P| oo | g . .

Ozone depletion potential

Bk BEALERE (GWP)

Global warming potential 120 1300 950 140

A7) MPa (G)(at 38C) 0.0432 0.862 0.1344 0.760
Condensing pressure PRIEV I | v | AR B | R

AP m m ﬂ #
Flammability (Fife=2)
ERAVOMBEERY | o0 | 731 | 760 | 756

Basic cycle COPth

A7 V2D W T OGHE COPth % 7R3 o Bl (X FEARH B,
T REDORBOMEEZ100% L, KIHET, &
M 38T & LTk 722COPTH %, R123D COP ¢
bR, RWTR245fa, R152a, R134aDIETH %,

WIERI231E, B BOP T A 7 VR EN,
GWP /&L, IESEETH B 2 L2 SIMHR~ DG
RMH DR, BREGHEVWE S, LarL, HCFCH®
BTH LD, TV M) F—IVEEFIT LD 2020 4EH
SHTHIGHBENORHPHH SN D LIk > T,
T 2R RIEBR 0T 5 BUF R B 21X, ODP=0%%%¢
T - T, HCFCWIEIZRAMA STV %,

%HHER152a1%, ODP=0®» HFC %O TIZGWP A°
NS, CORTERZGEEVZ S, L L, Wk
NHbHIENS, HBEIEE—7 12T 5LEDDH ) %H
LICBE L TREL WA U, F -8 a0 It BiBEIc
x5 A BHAHRE 5N D,

PlbE2 S, #iEidR134a & R245fa AMEfi & L CHE %,
R245fal%, COPth L U°GWP DTN, 72 KEG I
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BETHOHNIGERNREZ DR TEL LR EORNNEDD
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Fig. 1 Duplex refrigerant cycle (Basic)
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Duplex refrigerant cycle
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Fig. 2 Comparison in refrigerant cycle
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Fig. 3 Comparison in refrigerant cycle at T-s diagram
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Table 3 Specifications of compressor

IHH AL 18:H 2B H
Ttems Units 1st stage 2nd stage
ALIE) kPa 75.00 138.15
Inlet press.
M=}
ATEE K 280.9 297.0
Inlet temp.
) kPa 138.15 241.75
Outlet press.
B - 184 175
Pressure ratio
[ i P
Rotational speed min 8300 8300
T AREL _
Flow coefficient 0.107 0067
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Fig. 6 Compressor geometry

S2E AT A M E & TS B [EE M & SO T d 5
HEMo 28 A2 AL T2,

JEAERED 1B H & 2B HOBIZIEZH A 7 VR % ) 1
SHLTI )AL DORY B EHIT T VD,
JEARREORERE X %2 B 6 127" 3o

4-2-3 [EiEHES

RIEFEH I B NiE S 5 20 ol mEt L, ofEkk
HEAET SELVDICECHEZET L2V 2y ME
WOT7 ¥ ¥ 27 iz CHRAEKFEm (L10) A580000 h
PDElodborfii Lz,

4-2-4 EiEEEH

gL 5 EHOREHIEREEEZER L TiT-
720 FIRRBE O % BIE L A Wi TR KR % 2
A2k, XRERBEEEAT13000 min ! & A ] R
WX LRIBT % DR H B REHIT 5 Z L TE 7,

5. GRE—FDRE

KEFEOI T IDO—DTHAFT L AL BIEM
L E— 5 OmEK - Az, 7 — RGO R
bD7OBEA LIz DTHY, £ "=y ORHLED
¥T, KDL BFEE b,

(1) FHEIR DS HE © GE R OFRARNY 2 B0 N X,
REEAH CIRTFDBES TH 5o

(2) HEEHEAZES) | IRHPICRIE X BB oA
AT E b,

(3) E—ZIRBHBILAVN S L R DIRBYEIRAER
D5~6HHIH L, L5HRETH S,

5-1 ERE—FOBERSE T4

BHE— ¥ OGS, WEOE—F LRELOE, &

WA R Et 0132, AR BRI X % & DRI Ik
SR DOMEZ ZE L a0k ah b,

HIZ Y — RGBT & LT, WG HE L
% %o WAGEEC X 2 MERARG AN, MR CHEE
T HWMMAEN AZAEEOWME 72563 DT, R#ELE
B & MHRR D NEALDOWET AL EE T % o £ 0 S,
INESTBALIZERAIRK O AR H 50T, Thbo
FRENDHIRIN D,

/o, A UVN—FTOERE—FEiRETERT S L,
A VN=FBNETDAL v F ¥ ZIHE) H— VEIED
FHET LD, KEE—%TH->TDH 1000V L O
W CTacat L7z,

WS AR & EMERE B LT, RmEE—F
DOALEEZ [400 V, 295 kW at 8300 min ~ '] & L7z

5-2 E—20O4MH

JECBURIZHE N REETAMI 2 4T o 7245 &, @R RICBT
%E— 7L, H4%E o7z,

FHEEAER IC BT, EREMIT ) TR ik s %5 A
F—F AL NVI Y FEIZBWT65~68CTTHY, HH
e+ dH 5 2 & MR L2,

6. 12 /\—a2DHKE

RIS E— % (24, 8300 min~', 400 V, 295
kW) HOWIHA 2 N=F 122\ T, SR T A —
T DREREZLRHNS, T—F ZHRE LR, EER
WS TELIRRBRNNT A= 7 OFRER® RH3 2 L8
T&7,

AR AR TIORT o WHEO RO [ ¥ 3 —
TIRIIBBEHRISUTH b

1.00

098 P P S M
o 0w g X
z
L 0w
Rg
L X A%t INV90%
§_§ X Ak INV100%
g o X AL INVIOS% [
@ Bit 1 INV70%
@ Bit 1 INV80%
092 O BiiINVO0% |
@ Bi 1 INV100%
090 3 3
0 50 100 150 200 250 300

AvN—=5AJ1 kW

Inverter input

7T A UN—FHE
Fig. 7 Inverter efficiency

IoNF R No. 224 (2009-7)



HRERYH S — RSO W5

09-76 01/224

FE ¥ —FRuHikk RTVF050
Photo Centrifugal refrigerating machine RTVF050
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Fig. 8 Partical load performance (Chilled water outlet temp. 7 C)
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Table 4 Standard specifications

HH Hifir RS
Ttem Unit Specifications
LIE _
Model RTVF040 RTVF050
AR TS .
Chilled water outlet.temp. C 7 5 7 5 7 5 7 5
WA kW 1407 1336 1407 1336 1758 1670 1758 1670
Capacity {USRt} 1400} 1380} 1400} 1380} 1500} 1475} {500} 1475}
ARBBAER (1S i) o 20— 100
Control area
AT g - - - - - - - -
Inlet & outlet temp. C 17 —7 15—+5 12 7 10— 5 17— 7 15—+5 12 —>7 10— 5
5 | BE L/min 2015 1915 4030 3830 2520 2395 5040 4790
% Flow rate
2 E| 82 _
& B Pass 4 2 4 2
2 —
o ;Fﬂﬂ*ﬁfﬁ‘ kPa 66 60 36 32 68 61 37 33
ress loss
AR m*K/W 0.000086
Fouling factor
T . .
Inlet & outlet temp. C 32 =31
he—l=N
] %11"“ L/min 4650 4460 4690 4520 5800 5560 5850 5630
= ow rate
=] xx B 5
2; ,%D Pass
8 HE S 2
S ARIRHER kPa 59 54 59 55 58 53 59 55
Press loss
LRI m’K/W 0.000086
Fouling factor
%‘1‘% iy kW 195 200 210 215 235 245 255 265
utput power
- ?ﬁ%?ﬁmlj} kW 207 212 223 230 252 259 271 281
&S nput power
BE | e x
= | R V x Hz 400/440 X 50/60
Voltage x current
[ELIpE _ A VN— IR
Start type Inverter
T i 1 - HFC-245fa
Refrigerant
HEIES S8 i e
Total mass t 164
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