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Feasibility Study on a Small Power Rankin Cycle
Driven by a Low Temperature Difference

by

Soichi SASAKI*, Tomohiko YAMAGUCHI*
Hideshiro MORITAKA** and Shodai HAYASAK|***

We aimed to develop a small power Rankine cycle for suppling an auxiliary power by the hot
spring water, which provides a small temperature difference from the ambient temperature. According
to the results of the performance test of an actual scroll turbine, the mechanical efficiency of the
turbine was approximately 30%. In the comparison among the three kinds of organic refrigerants, the
cycle driven by R245fa indicated the lowest power consumption in the feed pump and the highest
thermal efficiency. Our analysis indicated that the net output of the cycle was lower than that of the
designed output, because the pressure did not reduce to the theoretical value due to the inherent
pressure ratio of the volume type turbine.
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Fig. 1 Schematic diagram of the heat pump cycle

Table 1 Specifications of the heat pump cycle

Heating capacity , KW 4.5
Electricity consumption , kW
0.98
(for the compressor)
High pressure, MPa 10.0
Low pressure , MPa 6.40
Working fluid R744
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Fig. 2 T-h diagram of the heat exchanger

OILL-»THEINTZLEDOTHEHO., b — KU TIC
B AESRAOEEL, XEMO®Z5FIC L CRE
INTVWD., ZhbDBZHRBOMBEHEN CO2 7
CX YA INOFRFT X E L TRHIHSND. T
DFVL— T 4 F 2— T DHHPERICE T 5 Fit
BT, FIMOEEWERELS RGOS Z &2 MR L
TWa., Zme&, AZHIBOMAERIZE — FR T
DOERAE 4.5kW NG5 2515 L, EfissOBEERIT
3.4kW, JEMEHEOB L 1.1kW & 72 5.

2.2 RERA—E DM

M 3 XA EMHEONBEZ R LD THD. ()
Ne— MR TSI VTHERAISRLTWSA R —F Y —
aryFryP—Thbb. VU F—FEIL 3.79cc TH
5. T L— ROEMIZWMVIARE 7 MBS
BETHD. 7T L— FOAEMNTHEHA— MRS h


aa46822665
テキストボックス
佐々木壮一・山口朝彦・森高秀四郎・早崎翔大


Exhaust
valve

Exhaust
room

Rotor

Driving
shaft

(a) Rotary type

Fig. 3 Volume type compressor

TEHEH=ETH . &SRO EEE &S IR EIZR VA
END. BRENmAMREOEEET S &, it ) SMEE R A
DOEEICL 2AEHRICL > TERSH S, bICIiTE
H—x T aryfozxrsa—Lar7FLyd—»»rEn
T30, Zoar 7L yH—»1[EEET S L 60ce D
SENPEH EN 5.

4135 —EUMERORBRGIEEZ R LD THD.

@DBRB AT LOEKKTHY, OBZEDT A RN
VFONBRTH D, X —E L DOMERERRICITEEDRE
BHAMEAESN TS, X—EUVHIBOIEART Y
ZVIEF R (HAKEZ, BN-PGD60PL-F1) 2k~ T
HlsnD. Z— v OB 1% v s G HIER,
S8-020) & Fv7 fHEE (NEFHIER, TS-2800) 12Xk -
TEHll SN S, BEEh o [B] #5558 B 13 B R Rl s 2
CRBFHIZR, MP981) TiEHMIEN 5. Wil icxt¥ 2
KEy RV 7 I3 HFEESRICL - TEXZLND.
A—E Ui Q, ®EI L B IU%E n (DI
FoTREliaN%.

=NV L=Two,n=P@/L (1

Z 2T, NiEREERE, VIidy—e o568, T3k
7, ol XAKEE, PIIF¥—EUAIBOEETHD.

Pressure
gage (in)

h.nlml

Cupping
Torque
detector

(a) Total view

Pressure
Valve gage(out)

Atom.
pressure

Torque
meter

Rotation
meter

Cupping

(b) Test bench

Fig. 4 Experimental apparatus for the evaluation of

the performance of the turbine
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Fig. 5 Schematic diagram of the supercritical
CO2 Rankine cycle
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Fig. 6 Characteristics on the shaft power of the

rotary turbine

ET DL, BMAWDOY — DR 3585rpm &
ol ZOREMEEITRFMED 2 FU ETHD. A3
SR B O R T I 2 iR DS X D IRE L BRE O 7
WD R EEIZ e o 7=, ADIET1H 600kPa D & =, &
K J11E 246W TH o7z, FHFHREHFEOX — B D
IX23.6W THo7z. 2oL x, HEPANCE > TREY
DN ETD CO2 JvF VA7 VDM NIT
UTW (2725, ZOX—E U HAOMEMREE, %I
X8 CRENDZ —E UV HNOFFHEIZEZ W & 23D
ML, M7idue—%Y—x%—vr0EAE @fjéﬁféﬂ
ERLIEbOTHDL. P OBBRITHGH A (6.53
L/min) OMETHD. #&itHIZE TZ)?“E“/U)@J
FITH 30% 272 - 77,

—0— 400 kPa
—4—500 kPa
—0— 600 kPa

n,%

5 10 15
Q, L /min

0 1000 2000 3000 4000
N, rpm

Fig. 7 Characteristics on the efficiency of the

rotary turbine
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Fig. 8 p-h diagram of the CO2 Rankine cycle
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Fig. 9 Characteristics on the pressure ratio of the

scroll turbine

150—————————————
[ 5 —0—200 kPa
. —A—300 kPa
| —0— 400 kPa
L i —v—500kPa -
100+ 5 —-600kPa |
SERREEEEEEEEEEL Sthh ;
= | |
- 5ol i
0 I n n H—
0 20 40 60 80

Fig. 10 Characteristics on the shaft power of the

scroll turbine
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Fig. 11 Characteristics on the efficiency of the scroll

turbine

Table 2 Summary of the performance of the power

cycle
R134a R245fa R32
Evaporator vapor pressureé?, (MPa) 2.58 0.893 4.04
Condenser vapor pressure, RMPa) 0.665 0.148 1.69
Pressure ratio Pe / Pc 3.88 6.03 2.39
Flow rate , G (L/min) 55.2 96.5 60.7
Pump Power , W, (W) 204 46.5 305
Turbine Power , W, (W) 635 470 742
Electric Power , W (W) 604 446 705
Net Electric Power, W, (W) 400
Cycle Efficiency , 1 (-) 0.0473 0.0537 0.0312
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Fig. 12 p-h diagram of the Rankine cycle by the
R245fa

Table 3 Summary of the performance of organic

Rankine cycle with the scroll turbine

ORC ORC + ST
Working Fluid R245fa

High Temperature , Ty (K) 358
Low Temperature , T; (K) 298 331
Temperature difference , AT(K) 60 27

High Pressure , P; (kPa) 893
Low Pressure, P; (kPa) 148 372
Pressure difference , AP ,(kPa) 745 521

Flow Rate , Q (L/min) 45
Pressure ratio, € N/A | 24

Turbine efficiency , 17 (%) 30.0
Output , L (W) 214 | 128
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