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Abstract

This research focuses on the development and experimentation of a two-phase flow
nozzle for a total flow geothermal power generation system. The study involves the
construction of a test and power generation platform for a total-flow supersonic two-phase
flow nozzle. Additionally, a boiler system is established to simulate the temperature and
pressure conditions of a geothermal reservoir. The experimental data collected at various
temperatures will be analyzed to determine the optimal efficiency of the nozzle.

The turbine used in this study is a turgo turbine, chosen for its resistance to impurity
accumulation, contributing to easier maintenance and upkeep of the power generation
platform. The two-phase flow nozzle employed is a converging-diverging nozzle, selected
for its ability to continuously accelerate the fluid to supersonic speeds as the two-phase
flow reaches sonic velocity. This facilitates obtaining a larger mass flow rate during the
experiment. Observations from the experiment indicate that nozzles with larger throat
diameters result in increased mass flow rates, leading to higher power generation.
However, it is noted that the nozzle with the maximum mass flow rate does not necessarily
possess the optimal kinetic energy conversion rate for the turbine. This observation is
consistent with the theoretical power generation calculations for the inclined impeller
turbine. Consequently, it is inferred that the conversion efficiency may be related to the

jet fluid pattern of the nozzle.

Keyword: Geothermal,Total flow geothermal power generation system, two phase flow

nozzle ,Turgo turbine, Supersonic two phase flow nozzle
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1400 :
1300 :
1200 ]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

B 2-1 5 & & p s~ 3 8 B (P=1bar, T=100°C) [26]
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22 R B EEH
24 2 #(Thrust coefficient)d P # & ¥ Akagawa, ct al. [27]3% 21 > L% K=
Brpotii L flodd BICE RA LR BRI P ERREFER D2

a4 antiE s Hgs0Q22-D)5

Foxp (2.2-1)

R Cridid thlichy, » F Sf s Fp b 2k )

Bk b RSB PR RRE S ER R AN e S
R E S o F G 4R 2 R T T T e
d g RN e

Foxp = mVey (2.2-2)

BY Fopn BRI MG N8 Vo s F S0 51k

Bhie 4 %4 §_d Isentropic Homogeneous Equilibrium model(1.H.E model)
2R i [N S R = ] S G
1. R L XA

2.k Xt #-T fE(thermal equilibrium)
3. %#M;‘rmﬁﬂﬁmw

FlR BN ERET AR A BTN BRLER AN RREARS TR
b TP BERURIEAL S BB v B TR £ 5 5V(2.2-3)

Sin — StLout (2.2-3)

Xout =
Sy,out — Siout

AV TR R BTES BN

1 ) (2.2-4)
hin = xouthv,out + (1 - xout)hl,out + EVout
ffﬂ(4.2-4);‘ fo ¥ 18124 "%’ W iR A
Vout = v 2(hin — hout) (2.2-5)
hout = xouthv,out +(1- xout)hl,out (2.2-6)

EH
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1 (2.2-7)
Xout * Uyout + (1 - xout) * UV out

Bis B 658 (22-3)~(22-6)1 2 v g fF T FIR G4

Pout =

Fin = Pout * Vout2 * Aout (2.2-8)
#-50 (2.2-2)% 3 2.2-8) v w 3N (2.2-1)F ¥ EiFIHA4 Gl

2.3 AEF RS
BRI T AR FRHRBEHENM S TS R EY LA AF %Y O
LRP B H R A 241970 DA g SR 0 Y R E Y R R R
”@ﬂ4'%§ﬂ+m@&’%!%%m§ﬂ+if%Fﬁ Eenpok
YR PR ERA G SRR R B o AR R R PR ER § R
SEURHLE i 0 B @A BRI R L 2 A RPERE D

WEE TR o B MR EY B2 R ERT R R 222 & 2-1 -

/

I
|
|
B mnyg i
i
I
|
I

B 2-2 & e sC dhiE R = &7 R BI[24]
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a2l LRI S A S

~2 At sk R b

aé uﬁ’g)»k,j- Y e

Y R R LT G 4k

A1 ~ B AR 4tiE R &

P ot oK oAp S R &

2 i~ Sk Ap i R &

u ;ﬁ%ﬁ%‘ga%&*?ﬁﬁ}i

V1 BB %HE R

-2 o d Rk $Hd R

vy By N el POk R S B

Ry Si e WA $HiE

Rz W pt sk Ed R

Ry o~ Sk R A

! fihe Pl Y BLEEAE
L_ZEP? g ’Fﬁ&m CeIfE T ’“}fpﬁﬂi‘?ﬁvﬁgﬁmg: Qv 47

p}\(zzl)ﬁ V‘vfiv A V—JJ,:.,,Q“’?& ;1“ LL""
Q = m[(1 — x)vy + xv,] (2.2-1)
» &T’ﬁ%ﬁkmvﬁ Wiy, v od g4 2 ?ﬁ’& e E

F 222
. (222)

ST R RS D i iE R R T ) AR IR R

Ry = \Jv12 + u? — 2v,ucos(a,) (2.2-3)

»EHAR YR R & B s

f1 = cos‘l(vlcos(gl) — u) (2.2-4)

FURE R 2 oo~ s R TS S A e £

— T N —, )
QRipcos (5 — a1 —7) + QiRap + QuRyp = 0 (2.2-5)
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BPQ=01+0Q2° Q027 B 5 lmE NAMWMAF T 2 i » Sef MAF RS o Mgt

(2.2-5)# 78 KETR 15 ¥ {8

Q1 —0Q;
cos (%— a, —y)

Q:

) -—
)

o
gl
g

|\

N3
i

Q[1 + cos (% -—ay — y)]

Q1= 2
T
Q[1 — cos (7 —a; — V)]
Q2 = 2
B EE R R EAV,, S
v1Sina,cosf,
AV, = LAy a—
w1 = (vicosay) —u +( sinf;
o~ bfelid B R R AV,, 5
v, Sina, cosfy
AWz = (vicosey) —u+ (— e

BoisF A 4 T2 phst FAPT 47 5

T = p(Q:14AV,1 + Q2AV,,0)r

AP = p(Q1AVy1 + Q2AV0)rw

B W R R LR T R E RGN
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KR 25Mpa
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HE SB450
dokror 6+

LT i il 1.25 »¢
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Bl 3-44pt il
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3.12PLC x %t

PLC s vzt P BEIFHIE - ¥ 2 S B HRM LR RIEY B2 8
B4 o HE R B ERETN X T LA Fiek R 7 Bd o PLC i sehw
AW I e { EE N TR Ry el BN AT %RAL 7
FEHFEELEESEPLC fAkB I FHRUPF AL B o

e e Temperature Unit:degrees Celsius |
|07/26/23WED 12:59:08 Pressure Unit:Bar

Lake | ﬁﬁbﬁﬂﬁﬂﬂa,ﬂ ARSI AR
T4mAD4P4m

>4
-
\
Pl ﬁ"‘ | (amm

(a~20ma) [\1 T2l 272

(slH 00)
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B 3-6 PLC s 3tp 2%

Bl 3-7PLC i st
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313§ 4 h

B 3.1-7 5 2F BT 4 BEHR BT KA Bd r BN s s u g

ABE T REH S D AR AR UE R

Bl 3-8 % T fsta @y T bR 4ac.o Aping o dA BE N E RS
a. REFT®

FLWrHERL BB S TR 2 RE AT HRET LR EE
PAZ NS R o FIAE N AF TSR R T e ERE AL R 0 A

AP BT ABE T LR WAL LK kSRR M

F T WL AT 24 & 330
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Bl 39 -XEF T

3 33 ARBFTHAREE

A5 YGDLF-500
A F 500kw
AR 1800rpm
FERR 400V
IR 722A
(R & 60HZ
PR AE 2792Nm

£E 1440kg

S Z 4P

T H
7k s P54
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Bl 3-10 %:# §5 7 B

% 34 R faAR A

ik HS-32
3B i i (nl) 7090rpm
B & 3 4 1% (n2) 1800rpm

R 1500kw

i@l 39

C. = Apimvg ¥
SRR G o B KR o BaRlp Y R R L B 0 TR G
AL R A AR PR Bk AR AP € B
@Ak o F K- /ﬁr‘ﬁﬁ(dlvergmg)ﬁr#%(converglng)*F.* LR AR I
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AR 2 St 44 WG 14mm & 1Tmm SubriE s E o e

BREE T 24 B 311 B 3-124c4 3-5-

Bl 3-12 = dpinef o 7 0

% 35 AR A

14mm(BB64) 17mm(CB64)
PR % <} 14mm PR % <} 17mm
ATk & 6° ATk R 6°
R R 400mm R R 400mm

d. A HF RS
AR BB L FME SR R A S E R [24] 0 B

PERGAFAER PSRN EFFAF RS > 2 ¢ T L A2
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o g enF T RO FeR bR YT 2B 3-13-F 3-14 2 & 3-

6 o

B 3-14 & @& ;X Turgo & % CAD B [24]
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Bl 3-15 4L fie#% X Turgo ¥ ¥ % CAD B [24]

% 3-6 AL SR Bt R £

FE 5 B 40
EHsE 0.75m
o b & 15

3.14 %4 f §4a(load bank)

AFRIAMTHAELZ R HE TR TR FREFETS PR ET

RS AN SRR SRS S R PR
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315 %4 BFAH®R

ARHREERA FTATTRAERINE SE&THRT THFL WAL TR
7R

A SO FRAPRTS BEI ) P RFERTRGEHT IR R EE
By T eni filchy o RwBl Y 2 AR ST W 3-18 -
——

HIOKI raaico

M 3-18 T if & 1 A 45 &

137 TinE AT kAR A

A5 PQ3100

TRER T &P £ 1000Vrms or
DC g i i8] & 2.200kvpeak

ek AC/DC 50.000 mA~5.0000 kA
»EEER 50W~6MW

i TR AR T R 10.2%

& 10.1% rdg. £0.1% fis. + ot Bl EH R -
3 ¥ F:DC £0.5%rdg. £0.5% fis. + %R BRI EH AR

WHirEE 300W x 211H x 68D mm, 2.5 kg
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316 B ERIFZERRERE
AP SHBA R RE R RS-485 kiedrimip R4 ¥R R4 w81 PLC

VORI i Bl A T 25 B 3-19 2 £ 3-8

B 3-19 &4 Bipl®

7 3-8 R4 R PIERR A

A5 RS-485
iR +1.0% fs.
Rpom pr i i g 0.1~9.9s
313?] ME ik R <50ms(0~90%)
R B R A +0.05% f.5./10°C
BEER -10°C~60°C
FELE WAL TR +1.0% f.s./year(<60Bar)
+0.15% f.s./year(>60Bar)
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( Expansion tank }

L

Water pump

]

Boiler

Expansion tank

B 3-21 7 % %

gearbox

dynamo

load bank
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Bl 3-22 424 F 2% H-H1[28]
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F 4-1 vB3RE T 1Amm 2 SRR v 4 4 F S By

& &°C 120 130 140 150 160 170 180 190 200 210

T4+ kg | 942 | 1274 | 21.7 | 27.8 | 35.6 | 47.90 | 60.47 | 74.7 | 90.5 | 106.3

E
3

P+ kg | 80.89 | 86.62 | 91.85 | 97.63 | 102.1 | 107.3 | 1124 | 117.5 | 122.6 | 128.2

ECAE 3 0.12 | 0.15 | 024 | 028 | 035 | 045 | 054 | 0.64 | 0.74 | 0.83

42 3N T 1Amm 2 S B F R 4 F By

& E°C 120 130 140 150 160 170 180 190 200 210

F 4 kg | 8.1 143 | 213 | 30.2 | 427 | 529 | 669 | 84.8 | 99.5 | 1155

2 mdt 4 kg | 80.89 | 86.62 | 91.85 | 97.63 | 102.1 | 107.3 | 112.4 | 117.5 | 122.6 | 128.2

fo4 0.10 | 0.17 | 023 | 031 | 042 | 049 | 0.59 | 0.72 | 0.81 | 0.90

F A4-3vEdRE T 1Tmm 2 R eE A de 4 F Sk Py

& r°C 120 130 140 150 160 170 180 190 200 210

¥ i+ kg 33 139 | 222 | 30.1 | 39.8 | 52.7 66 83 97.5 | 117.6

2wt 4 kg | 80.89 | 86.62 | 91.85 | 97.63 | 102.1 | 107.3 | 112.4 | 117.5 | 122.6 | 128.2

|
k-

o4 i 0.04 | 0.16 | 024 | 031 | 039 | 049 | 059 | 0.71 | 0.79 | 0.92

F A4 eE3RE T 1Tmm 2ovis e f of K4 4 sk iy

& E°C 120 130 140 150 160 170 180 190 200 210

F %4 kg 7.2 139 | 21.2 | 31.1 | 40.8 | 55.6 | 709 | 85.2 X 126.3

2 omdt 4 kg | 80.89 | 86.62 | 91.85 | 97.63 | 102.1 | 107.3 | 112.4 | 117.5 | 122.6 | 128.2

ECAE 0.09 | 0.16 | 023 | 032 | 040 | 052 | 0.63 | 0.72 | 0.00 | 0.98
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170 & 7 it M 9 4 g e T ok 0 BT HETT R T A HhACE R AR S d

PR S A R DB g R kg F A

e TRy
[
|

N
?F
Rg
wE
IR
=i
N
?F
Fi
P
ol

ok ang s A kT 00 E RS 0] 5

vfﬁ W s BT /; %5 0

i A °C 160 170 180 190 200
of W Bt m/s 1151 | 1394 | 1537 | 1663 | 1774
o A kw 20.1 327 | 455 60.9 | 78.7

14mm s ko o FEETHF kw X 18 32.4 54 68.4
B i e X 55% | 71% | 89% | 87%
of o i ig 139.6 | 1604 | 174.1 | 193.8 | 2274
o i kw 292 | 416 57.1 80.5 | 110.8

l4mm v {5 38 F o o F ek kw X 21.6 32.4 54 72
B iy g 4% X 52% 57% 67% 65%
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o B i kw 270 | 490 | 656 89.4 0.0
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