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Abstract

The OTEC plants have been developed to a point where they are very close to the implementation stage. However, there
remain many issues to be solved before full implementation can be achieved. It is important to improve the efficiency of the
plate heat exchanger (PHE) for OTEC, in order to improve OTEC efficiency. Then, optimal designs of PHE are required to use
experimental and numerical data. However, the method of simulation is not established because the flow with boiling or
condensing inside PHE is complex. Therefore, in this study, the visualized experiment for vapor - liquid two phase flow in
small duct with flat heated surface were performed in order to discuss the boiling flow inside of PHE for OTEC. The
experimental apparatus consists of test section, working fluid tank, pre-heater and working fluid pump. The FC-72 liquid is
circulating the system as a working fluid. The test section is made of stainless steel 304 and acrylic cover for visualization. The
heating surface has single artificial cavity to generate the nucleate bubbles continuously under forced convection flow of FC-
72 at G = 100 ~ 500 kg/m’s, g = 27 and 35 kW/m?, and P = 100 kPa. In the present study, the behavior of nucleate bubbles
were observed using digital high speed video camera and still camera. As the result of the observation using high speed video
camera which of max frame rate is 1200 fps, the profile of velocity against location from single cavity and time from nucleation
were measured. The velocity of individual bubbles increased with an increase location from cavity. In case of high mass flux,
the bubble velocity is proportional to the °°. As the result of the observation using digital still camera, the distributions of the
bubble diameter against location from single cavity. It was found that the diameter moves to the closer the empirical equation
for the diameter of bubble retouched condition at the low mass flux condition. The correlation of bubble diameter against the
time or location were also derived using observation data.

Key words : Evaporator, Visualization, Nucleate boiling, FC-72, Forced convection

1. #

LRI E =3 E(OTEC)E, BUE, MBIRICKE L NTA BIZFRET 7 > MBI L T 5208, 5%&E OIS
NEDOENLZFTELYEZL DT T M RBBZEGT L0 L TFHEND. £ Z2AT, OTEC OBIFRIZIZ T
B DI ERESSOMEREN AR 2. OTEC O 7 L— FRAEFEEDOMREM EIZEE 3 ABF4RIC WU,

il

a2t 20174 8 H 9 |
VR R VX e X —  (T849-4256 (75 BT LI RIAT AT 1-48)
2 PR TSR TERE S AT A TSI (T840-8502  VEBTHARENT 13%)
B PRI T S AT A TSR (T840-8502 (A iAERT 13%)

E-mail: arima@ioes.saga-u.ac.jp



o6

ARG WS, REA R L s

INETERRIRCTHDLT V=T £IET V=T KOBBEMREIZB T DAL (Arima, et al, 2011) & [FIHF
W2, 7 L— hAEGTHR O NER OB O T & 8122 L 72 v L DOIFSE (Okamoto, et al, 2011) 72 E3ED T
T FElz, FEERENRT =T L1380, 7 L— MAFEIROMIEERIE O rIE kI X 281£2 L LT, FC-72
VEENGRIR & L72WFZED3, /MLl (2014, 2015) 35 XL OVEREM (2016)I2 L » TlkGRIIZED HTnD . LavL,
IS DOBED FTHALOBIZE TIZERE DR L— b OAH THIEE S D EHEZ R R 2 MR CBIZR T 51
EEESTEY, Hx OMBRIEOEENRBIEZIT I ITITE > TR -oT. £ 2 TARBE T, ibEsEm
DFERBIEEAT O 12018, BEAEICA LR Y BT 4 —% 1 O T, B—F vy BT 4 —b0RAELTZED
ZEENZOVT, FC-72 OFRHIRNES T 2 v bR AT 5 Z LI Lz, [ARk7eiF9E & LT Thorncroft, et al.
(1998) DHIZIRIEIZH1T 5 FC-87 Ol D it Okawa, et al. (2005) |2 & 2 FIEIZI51T DK O FHlxF
T O FHUE 2R B D0, ARBFZRIZEBWTIX FC-72 Z2E8hififk L LizZ b, 7L—FHEOHE %y
T A =D ORI LRI WY o 7.

2. § 5
4, B, . z D RFEARIR T ILE [m]
TER . -
C.D XUy F
¢ D EHEHER [J/kg K] a DIRE R [m?%/s]
d DRJATE [m] P L BE [kg/m?]
G o EERR [kg/m? s] o D RMEES [Nm]
h D BMREER [W/mK] wT
Iy D RTEIEE [V/kg] in : AH
k D BMpiEER [W/mK] [ (7=
/ o BAEEXITEINR [m] loc © o JRPT
n EiTe out c A
P 7 [MPa] sat o fafn
q R [W/m?] v ;XA
T VR [°C] wall L BET
v Sy [m/s] X9z D ZRIEER R
X AP ANLE [m]
y S ERMRR S AALE  [m]
3. = B
3.1 EREE

X 1 ICEBREEOMIEX 2/~ FEREEIL, TA NI v ay, e —4—, {E@hfiEY o7, (BRI
W7, k&7, BARG T THESH TS, f70, EBREEIIESRAIEERSR, EAERRD 2 SO
BATHREINTHEY, TRNEIVEERRKERRIIT A M v ay, FLe—&%— {FEWkkZ o7, (FEhk
AR, WAIEERRITIRA L 7, WAKR T, AFENRR S 7 TR STV D, FENRIA TH D FC-72 13,
VEBNAR 2 o 7 —AEBNfA R o T > T L e =4 ——TFT R bk 7 ¥ a Uik Y o 7 OIEICIEERT 5. (K
ITVEENRIAR & o 7 TIRAKIZ L DI S AUEE ORISR S, AFERIAR S 7L >TH e —2 —ITi# D
na. fEERIRIE 7 L e — % —IZBW CRIFNEEMIE TCRO ONT A MeJ v a vidiidhd. 7A g7 v
2 YANTE = —1 [ZX> TUEREOEGEHR CIEAS ST 5. KR FIRAE & 72 o 7o EEhR IR A FBhR (4 &
JTIZREND.

FEBRIEBBTHOODN TV DHEHILLTO LB Th 5. (EEWAEER A OEBNRIAR Y 7 (AXy 78 Y-
2951W-MK.0058) 1ZiF~ 7% v hRDE LA 7EHWE. 7L —Z—34ME 12.7mm, £ 1200mm OFHIE
(Z300W DY R v b —F —2BEMITTAEETHD. BAMERRIE, EKY 7 ERTAA e —F—, EAKR
TTHERIN TS, FFidA e —F— (JUOEEHE: BWA3230,200V-3kW) 13IEHZ (42w U8 ESCB-QITC)



FC-72 SR G I BT 2B —F v ET 1 —7 5 O O /AL

IZ &> TEEDOREICHE SN S, IBAIESRHOEAR 7 (ZAAEMKSL: PMD-1511B2E, 50L/min) £~ 7% > k
KOBLRS T THD.

FRRIEEONORIERIL, B WETR: K W —ABEX, HELX15C), [EAESes BBk
FP101A-B31, F5/+0.25% of F.S)), E&Eiimal (FF—= > AM: FD-SS2A, =1% of F.S), KfEfi=ERl (Ff—T 2 A
#l: FD-M50AT, +1.6% of ES)) W CHIEEIT-7=. £72, ZHOLOMEHEIIT —%al— (V777 v 7l
GL820) (ZUXEE L CRtdk 1T o7z,

Hot water circuit Working fluid circuit
( : ) ( : ) Heater2

Test section A Volt Slider 2

= [}

Volt Slider 1

Volumetric
flow meter

Working
fluid tank

Hot water
pump

@7—® Heaterl

Immersion
heater

Hot water Pre-heater

tank

Volt Slider 3

Working fluid Mass flow
pump meter

Fig. 1 Schematic diagram of the experimental apparatus.
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Fig. 2 Schematic diagram of the test section. Fig. 3 Location of the thermocouple and heaters on the test

plate.
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Fig. 4 Arrangement of the visualization apparatus
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Table 1 Experimental condition

Mass flow rate G [kg/(m?s)] 100, 150, 200, 250, 300, 500
Heat flux ¢ [kW/m?] 27 (28), 35
Temperature of the evaporator inlet 75, [°C] 50.5~53.7
Pressure of the evaporator inlet P;, [MPa] 0.0971 ~0.110

Table 2 Status value of the experiment

Temperature of the evaporator outlet 7, [°C] 44.7~51.7
Pressure of the evaporator outlet P,,, [MPa] 0.0844 ~0.974
Local heat transfer coefficient /i, [kW/m?K] 7.46 ~9.80
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Fig. 5 Definition of dimensions of a bubble (x-y plane)
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Fig. 6 Photos of bubbles from the side view (g = 27 kW/m?)
(a) G =100 kg/m?s, (b) G =250 kg/m’s, (c) G = 500 kg/m?s
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Fig. 7 Photos of bubbles from the front view (gi. = 27 kW/m?)
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Table 3 Correlations of the bubble size each coordinate direction

d. = Ax" d, = Ax" d. = Ax"

G [kg/m?s] Ay ax Ay Ry A: iz

100 0.00174 0.09100 0.00163 0.11640 0.00132 0.06050
250 0.00140 0.13560 0.00180 0.14900 0.00092 0.04290
500 0.00433 0.41650 0.00274 0.31590 0.00345 0.36080
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Fig. 9 Snapshots of bubbles from side view (gi. = 27 kW/m?)
(a) G=100 kg/m?s, (b) G =250 kg/m’s, (c) G =500 kg/m’s
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Fig. 10 Location of bubbles and bubble velocity (g = 27 kW/m?)

Table 4 Correlations of the bubble velocity in each coordinate direction

v=Bx"
G [kg/m?s] B np
100 10.28 0.7472
250 0.8081 0.3455
500 0.5042 0.1947
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Table 5 Correlations of the average bubble size, d, against time, ¢

G [kg/m?s] d
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Fig. 11 Comparison between correlations and result (g, = 27 kW/m?)
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T AN ERDOEERZNC L > THIL L TWA Z EnEZbND.

5. ¥

FC-72 OGNSR D E— N LX % BT 4 = bOKIADFRAEICONT, A EEIC L 5 85841T-
7o, PERIAOBIEN BT DO Z E BB BN o7,

(1) ALF v BT =55 OWEHHIT 5 KIaDTEOZLICITHBERRA H 5. - EITIEE D~ & &
BT 5.

(2) RyEOHEE, BERIEROBINC X > T3 5.

(3) ATF v ET 4 —» 5 OIEHEHIHT 2 KI80HE OZICITHBBIRA H 5. F Kb XD~ 5
(ZHBT 5.

(4) RILHEEL, EERROBEIMI L > b7 5.

(5) G=500kg/m?s, g=27kW/m> DIRFFIxIT 2 K0 EDZ{LIL, Plessetand Zwick DXJEME DR TES = &
WTED. —JF, FFMFICBT 250, BERSIEROHERRD S OIS TONSUMETHEEL L T, (REEIR
HEATA RLTWNDZ ENRgholz.
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