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Generation of Electric Power from a Thermal Spring
— Characteristics of an Evaporator with Spring Steam and a
Direct-Contact-Type Condenser —

Takao YOSHIDA, Masato KURISU, Hidehiko KAWABE, Yoshio KODAMA

Abstract

The performance characteristics of an evaporator system with spring steam and a direct-contact-
type condenser system for energy conversion of hot springs are described in this report.

The newly devised evaporator system is composed by a spring steam separator, a hot water tank,
a heat exchanger remaked of the shell-and-tube U-type, and a lubricant separator tube. The spring
steam, which is separated from spring hot water by the spring steam separator, is blown up in the
form of bubbles in the hot water through the bubble-making plate placed under the U-type tubes.
These steam bubbles enhance turbulent flows around the U-type tubes, incresing the heat transfer
rate. Therefore, the pump of hot water could be omitted in the present system. The working medium
heated in the U-type tubes is first led into the lubricant separator, where it is separated from the
lubricant, and then goes into the flusher. In the flusher, the necessary amount of working medium
for electric power generation is evaporated, and its gas is fed into the screw expander. The rest liquid
of the working medium is returned to the U-type tubes by the pump and is reheated with the hot water.

The lubricant separated by the lubricant separator, and then moves to the screw expander be-
cause of its own high pressure, therefore the pump of the lubricant could be omitted in this system.
In the present test, evaporator system is composed of bare copper tubes (25.4% x 2! x effective length
60 m) and the overall heat transfer coefficients with the from R11 are about 1.0 kW/m2K. Second-
ly, the newly devised condenser system is similary built by modifying the usual mass-produced shell-
and-tube U-type heat exchanger. The working medium liquid filling the tube chamber is chilled by
the cooling water which flows in the tubes. The working medium gas from the screw expander is
blown up into the working medium liquid through the perforated metal plate with (408 X 4% bub-
ble holes) which is placed under the working medium liquid. The blown working medium gas bub-
bles are condensed efficiently through the direct-contact heat exchange.

From the experiments of the new condenser system with R11, we obtained the value of 2.5
kW/m2K for the overall heat transfer coefficients of this condensor system with bare copper tubes
(25.4% x 2! x effective length 85 m).

* BEERFMMFEHR T182 FAATHARMHB2-19-1 (Kajima Institute of Construction Tech-
nology ; 19-1 Tobitakyu 2 Chome, Chofu, Tokyo 182, Japan)

o+ RIBAFETHEI T852 RIGMH XA (Faculty of Nagasaki University ; Bunkyo—machi,
Nagasaki 852, Japan)
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Fig. 3 Cross section of the evaporator devised in this experiment.
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and the overall heat transfer coefficient Kg of the devised evaporator
for R11.

250
200
Qa 150
ki/kg
100
50

20 25 30

A TElmK

50 60

q,,=C. 75kg/s

—
—

[

AN D B ~al

.87 kg/$
.53 kg/$
.78 kog/$
.62 kg/$
4 kg/§

ZI2ILL

B2EEE

VTSR OOTIYE
OOO OOCQOQOO?D_

gm

.5

.55 Ko/ 4
.81 kg/9
.66 kg/
.90 kg/!
.85 ko/s
1,17 ky/S

20 30

kW/nt

[
()

50

Fig. T Heat transfer capacity of R11 in the devised evaporator.

=
—~

122122

%



335

2.0

].I 5 . * ' L] ]’

. . note;quT=
o AN
’, 0/S
k%MKLO , 24 2 >:0.76~0.78 kg/s
& “,‘ a 0:0.61~0.62 kg/s
AT R AN i

LN {

0.5 Vﬂ'ﬁ ¢ v:0.33~0.81 kg/s
‘.“ ' 4:0.36~0.66 kg/s
[ *:0.56~0.90 ko/s
. ©:0.30~0.85 kg/s
0 «:0.68~1.17 kg/s

0 200 400 600 800 1000
U kg/mh

Fig. 8 Relation between the mass flow rate of working medium (R11)
Ueqm and the overall heat transfer coefficient Kg of the devised
evaporator

RBEES O OF B ABHEREAEE Q' ea kW /') LT, QenB LT QEalZZThTHKRK
THRIN B,

Q'Em = QEF /q B LR R PR P L R P L P PR LTS P L (7)
Q’EA = QEF/AE ....................................................................................... (8)

FEENC QenZ E DEMIC Qa2 L > TARRBOER T — s AEEHT L, MTORKREL
%, Mhic&F T AEBEEOBERFER qumr #5, 1313 0.25, 0.35, 0.45, 0.55, 0.65, 0.75kg/s
DINW—=TEFERTRLIC, BT V—TE b Qeat/NIBEHATIE, Q'emid, Q'ea DIEMITHE

ERECHEML TW LD, Qen®HI180k A fTHTICIE S & Q'ra RIS IRIF—E L ffE &
BBHTEDRENTWS, CO—EMIBENEEBREBOIEHBEEIZETE 5RBORANEE TR
THDEEZ LN, SEOERICHMLI.7 0 Y RITTIZZ DMEIRIFIF 180~ 190k / ke TH D,
CDERIZERIIOBHALEZEL VD LB >TV B, K83t BB BEKs(kg/n’h) %, FE
i QO THEIN 2 BAEAEBEYL D OFHEAERRE veqm(ke/m’h) 2& > TRIRLCH
DTHb5o

Usqm = Gmr/Ap X 3600 #+reerereessnnmtetitt ittt (9)

CORITEWTEMRRITIE upqmn DI, BEER Ky BSEINT 2 ERSRENDS, 58,



336

BIX T ugqm»3300~ 600 kg /m’h DFICE < DEBREHBER L TV B, TNILFIRDOIEZEKD
EROTELCOREBEDOERFZBDSE LB 11D TH Do upqmDBKREBLBZHD, ELEBIUIT
VEBNEAEERE que BE VL AD, HBIBRE Ks 5N 2 D13KEQ), BLUWDREEKRD S FHE
INBH, EFEEDKe D LR, TROMEIZCOMD SIFHEETE L0,

BEO7a vAESREETIEABED Y 2 VT v FF 2 — TRIRERBCHRETE, BERER
38 0.5kW/n’K (HEABBESREATEER, 1962) ThHO, KBROERBOMBBEK: =
0.8~ 1.0kW/nfK 3, ZDH 2EDEAMEEEABELTVEENVZ B,

KO IERBOERERABRTERRLAZODT, BEHICERBAOTDLA / VI Reg,
=de1Xug1/vei(der | REBACOER0.0416m, ue, : fEEMEADTHE, v, (EBEED
SRR 2 & D, MERIC K - dei/ e (K @ ZBFRBEEBER, g, (FHEEOMER)
DRI A RDTRRL oo FRICENIE Reg: D51 X 10425 10 X 10* DEFATIX, Repr D
BTV Ke * de1/ A1 13, ERTRT LD ICERMICHENT 2HRBRON S, TBEKD
BEEED 7 — 413, BRR[KUERAR (K 3 D Guide Plates for Bubbles) %2 E L 7HED
bOTHD, EIKILIC K 5 BZBWEMEOBAKBEEIDILNE, BBBENSRDT S EER
LTWaEEZLN5,

4, BMBUVIFTLADERER
EBHRBAOB LUOHOTOEFEEDOH T v 5 W hey, BLDhee iF, R10BLTRUWTR

1000

Ke - der
Aer

. 2kg/s
. 3kg/s
. 4kg/s
. 5ko/s
. 6kg/s
. Thg/s
. 8kg/s
. 9kg/s
.Okg/s
. 1kg/s
.2kg/s

500

100 /’rﬁ(

1.0 5.0 '410.
Retr=der up/ver X 10

zzzzzzzzzzé

=
¢
-

Fig. 9 Relation between Reynolds number Reg;
and dimensionless number Kg dei/ 2 g1



337
INns (BMI¥ER A6, 1986) .

het = Xc1 “ h%eaF (1= Xe1) gy rreesssemssnssns et (10
Bz = h'Gg  soereerermemmmn e ettt e s 11

T T Thi, herld, BERESADORE, EHEESHEEDRETRL O RDIAEEHEEDOKUE
BLUBDOHT vV ETHD, xc1 FEHHSRAODIEFEAEDLEZE TH S, h'ce (JEEHEZRH
ODRE»PORDOSNIBDOHT 5V ETH DB,

B CABEBE RO ERIF R qms & T 5 &, EBNEEDSERICL DT 2 B E Qcw
IR TRENS,

QCW:(hC]_hCZ).QmS ........................................................................ (12)

—h, BHETEIHEQwiERWITERTTEBTE S,

Qew =K " Ac " (TAT 1)  srrrerreemrresersss ettt e 13
o note q;S=
. V:0.76~0: 91 Kg/s
do [3:0.552~0; 59 Kg/s
2.5 . $:0.77-03.19.kg/s
AN q.s=1.1 kg/s Q:0.62~0: 65 Kg/s
AN 71:0.:36~0: 55 Kg/s
"4 0:0.i75~1323 k;g/s
A 0 LN Y =:0.29~0: 59 Ko/s
' AN AN v:0.:38~0: 87 kg/s
Ke 6\0.75 10 S\ 2:0.39~0:69 Ko/s
RN R N N *:0.65~1;01 Kg/s
kW/uK 1.5 [ N PRI *:0.74-0:9 Ko/s
' X > 'k... \\
0‘\0 \\QV\.""
R N LN
\! ~ A\\x \\
l. 0 o’ IS AR
o LX)
(@) M & uiuE
a 8 am "‘yv . -
0.5 af. L
' . o [ 4 ¥,
i

10 15 20 25 30 40 50 60
ATondeg

Fig.10 Relation between the logarithmic mean temperature diference ATcim
and the overall heat transfer coefficient K¢ of the devised condenser
for R11.



338

250
200
v & oo o ° o
B T P O L
/,’ v "’ﬁ /4 # ’ Il’
. 150 W i
Qa ] ‘
0.25, gﬁ,’ (ﬁ 90
kJ/kg ’ 0.85 & ¢ 9,,67
o.ssép 4
100 <] M V0. 160,91 Ko/
= 0. . S
0.65; ue0-75 ho/s £3:0.550.59 Ko/
O:0.79~0.79 ko/s
0O:0.62~0.65 ko/s
£1:0.36~0.55 kg/s
50 570755123 Ky
u:0.25~0.59 kg/s
v:0.38~0.87 kg/s
2:0.35~0.69 kg/s
+:0.65~1.01 k/s
0 ©,0.78~0.95 kg/s'

0 5 10 15 20 25 30 3
Q ex KW/t

Fig.11 Heat transfer capacity of R11 in the devised condenser.
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Fig.13 Relation between the volume flow rate of working medium uqvac

dand the overall heat transfer coefficient K¢ of the devised condenser
for R11.

Mggi(ﬁﬁ% UCqm( k?/mzh) %t ﬂ—cﬁ_\‘[./f: %@T%%o
Ucqm = QmS/AC X 3600 ........................................................................... (]8)
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Fig.14 Relation between Reynolds number Rec:
and dimensionless number K¢ /(C’pc1*u'cqm)
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