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Characteristic of boiling heat transfer of ammonia on evaporator
using surface — treated aluminum heat transfer surface
(Case: smooth surface plate)
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Abstract

The Ocean Thermal Energy Conversion (OTEC) uses plate heat exchangers (PHE) for evaporator and condenser, warm
and cold seawaters as heat sources and an ammonia as a working fluid. The PHEs consists of flame and some metal plates
which configures some fluid channels. Generally, the plate made of titanium, since the material has high corrosion resistance
of ammonia and seawaters. However, the titanium is expensive and difficulty workability. Therefore, the author proposed using
aluminum instead of titanium for PHE plate. In this study, in order to confirm the heat transfer performance of the PHE installing
aluminum plate, the measurement of the boiling and overall heat transfer coefficients under flowing ammonia. In addition, the
plate was treated by the anodic oxidation (AQO), anodized and coated composite film (ACC), because the aluminum has low
corrosive corrosion resistance of ammonia. Comparison of the heat transfer coefficient of water and ammonia of two different
coating method at the different mass flow rate and hot water temperature were performed. As a result of measurement of the
ammonia boiling heat transfer coefficient and overall heat transfer coefficient of AO and ACC surface treated plates, it was
found that the heat transfer performance of the AO plate is better than ACC one.
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1. #

MRS 723888 (OTEC) X EDZEE(25~30°C) & EE(5~10°C)DHF K OIREZEZFIH L CREEZIT S, HEE
HWEDO—DOThHDH. FEIILIT XA 7 VEANDT20, EIREED HEDENYL & ARIREE ) ~DEAD FETE
AT T2 O DRIV ETH 5. ZOBHIRIE, —RIEEEN T Z = L2807 L —  XEGS R
Ao Ting. & ZAT, BUERME L T\ 5 OTEC I, THHBIRACK S E,2015) &/ T A (Makai, 2015) D5
FET 2 RDOAHTH Y EAULIZITE > TV, SBERMEIZAIT S LT, 2 b OB HrOYERER) L
M—FBORBE > TNDH. THET, BURHZROMEER E2 B E LT, 7 L— MaB\f O R (Promvonge,
2008), f=ELHE OMHINIT. (Koyama, etal.,2014) 7 EIZBIT DR T T 5. ABENE R B2 m AE OHE N
B I OMEEAE ETOMNOELIIC X DIEEMEEZIAY Y, 72, BN T3t L 22 2 -7 b DT
HY, WENLOHTIEAOR EZBE LTS, £72—5T, EEEITSBEREMEHN LT\ 5E Z EMhBHMEIC
R EDH L b B 2 Hid. OTEC AOBVEHESOEAEMENZIE, —RICTFZ oAV LNATWS. £
MUTFHZ BT =T ROVBKICH T DMHAE W=D TH D, —F, ThUSNOMEIE LT, TAI=0 L4
G4, Cu-Ni 645, AT ULV ARICOWNTIE, WKET V=TT BMMERFHN STV 5 (Kapranos and
Priestner, 1987) MEHINTE LT, £z, THHDOMEHZ DWW TEEWERIZEIT 2Bt bIThiv e, 72

AT 20204611 A3 H
* EE R E T RV X =T e 2 — (T 849-4256 A 75 BLHT L LRET AU 2 1-48)
*) AR KRR TAAFGER (T 840-8502 (A RV fiAENT 1 7F)

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




2 FEB MR, WO ER, Ek B

B, FHATEBOFTHHEOBMBERDMENENS, GEWEIE LUIRFITHD. 22T, BYREROE
WL =0 M B DIEERTEL & L CTHWES A OEBEEWERRZ a2 2 LI L. FE OITEED =
—T 4 VITMTCRARIEZIT 72T V2 =7 DEURET L — MZHOWT, T rE=T IR DMt OMER (5,
/L 2013) & RIS EIC DWW CIE 21T > TV D, a—T ¢ ZRICidRR 7 /v U (258U PEEK #itfig & DLC
a—F 4 7 (Fakh4 « WINKOTE®) 28 L7z, 7 =7 WblEEREE T 3 7 A oig: L= 3R &2 T\ a—TF o
VDA MR LT 4558, PEEK MIEOREITITIFE (L2372, WINKOTE [ZoWCiFmr—y g 12 kD
—IOFBEL, FIUCL VT AI =T ANREB L2 LIS K DBENREI N (BIBM,2016). —77, FH LI
TR =T LAOREFM OT L E=T IR T DA TIRIRGED 720, BEOFRIILA i U727 VI =7 L
ZAWE VEROT e =T RIEERZIT- 72 (B, 2020). Bt 2 FEO 2 —F  » ZFHITINZ T, B
b, R E O R L a—F 4 U T ENTET A =7 26, BIOKRLBOT LI =7 2t a itk &
U CHlie L72fE R, Bt by Rmmikigs K OVEEOZn 72 <, &b 7T BT MR Emn oo, ik
TEA RS REREOZCITBE SN0 o720, B TOEEMBELNZ. ZO/RREY, 7oE=T8
BICBWTT IV =y A EF AT 2854, Bl X O C B EE A RO LB I L 5 a—T7 ¢
VINENTHDZ EMHALMNE ot I TAMETIE, 7 L— MABSHRISOEENTA R & L CRREE L
BLOBBEMEBEEARRC L 2a—T 4 v 72 LT A= L7 L— 2R L, TO7 L— hABEZ
BagRa W7 B =T IR AT 9 2 & T, REVRFEICOW T G NZ LT, R CIEE ORERORE 21T
D).

2. & =
Ae T B T T A [m?] 14 : i [m/s]
Ay M BN AR [m?] XU oy F
Cp TEE LR [J/kgK] p : R [kg/m’]
h BMREER [W/mK] T
k Ei B [W/mK] h : TN
L AT [J/kg] in : AH
m R [kg/s] / : A
P 77 [Pa] Im : KT
0 BT i B [W] out : He
T : 1R ['C] sat : Aok
AT B [C] wf VEBEh AR
t : T— NEX [m] wwo IK-7K R
U : ESERRS [W/m?K]
3. = E&
3-1 SEEREE

FERAEE 1T OIR K- KK-K) DG HEER I L OQ T & =7 Wifilxhim b E8 A o 2 ka4 V-, #ne
ALOEERE OIS % Fig.1 (a)(b)IZT . Fig. 1(a) OFBRILEIL, T A M7 v a v (Fb— MBEUSHER) LK
Ao, BAKRT, BHEECHER SIS, 7, 2D OBEHIIBAKMEER R, WHEIKIEERRD 2 SOERR %
9%, WRIZ, Fig 1(b) DFEBRIEEILT A bk o a VORI, ke, (EENRKY 7, Y77 —F—, &
H, K T, AEENRIRAR Y 7, KR TR SIS, FTe, ZUH OBEHIEENTIAEERSR, !k
BRR, IRAKIEERRD 3 DOMWERREMNT 5. BEREELHRSIILLTOLBY ThDH. TA Mz a Ly (T
NT 7 TV T L— NREVRHAER, T2-BFG), Eiffigsds KOV T 7 —TF— (U7 LA XM 7 LA X REAE
Hags, TB-MS11V), {EEhjiiik% > 7, {EEhiikAR >~ (SPECK #L: < 7% hAR 7, NPY-2251MK0402, /)
500W), KR T (CAREERL: <27 %y AR, PMD-1523B6M, 71 150W), {EKZ 7, BiFiAxt —
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Z— (J\IEEERL: A 7 e —H—, BWA3230, 200V-3kW 35 T8 BWA1120, 100V-2kW), ik 1 (4 U A48l
RKW1500B-V-G1, HIEES) 5.3kW), Mk 2 (4 U A B RKS7531-MV, HEIRET] 2.5kW).

K EFEE ORNOREBEOUEICHW R, E, REOKFE P —IZLTOLEEY ThbH. (FEhRAED
mEHEICIE, 2V AV NEERE (=2 LAY —8: PROMASS 83A, HEE = 0.1%LIA), IBAKDMAFE
TREE I X BRI ERT (F—= 2 A% FD-MS0AT 35 KO FD-81, JHIERE = 1.6%), H/KOERE G EHIEIZ
LB ERT (F—x A% FD-MI0AT, JEKE = 1.6% F. S.), ESIOREICITIESZEHEE (R B
FP101, JIEHiPH 0 ~ 2MPa, JIEREE + 025%F. S.), {EEOHEIZIL K RIEGEST (WRE L8 ST, 7 T A 1,
s +1.5C) 2V, 2R BDOEITT —# v 7 — (GRAPHTEC $: GL-820) CUXEE, HIE L CitdkziTo7-.

3:2 TFRMY VY

Fig. 2 127 A F 7 L— F OISR Z 7R3, AREBRTHEA LT A M7 L—MIAS052 TV =7 A4 TH
v, SHEIEHE350mm, £%100mm, EX 3.5mm(5E8VE, HHEEH) Tho. Fio, BEmERITE R CHDH. T
NI =T LT L— hOa—T 4 > 7T Ld K OSGRI LEE A R B2 L 7=, Fig. 3(a),(b)IZ Bk
b3 L OB L R A R IR X D RS OT A b7 L— F &2 ZNEIurd. Bl kX JIS H8601 0 AA-
15 FBY OB K BIEE LT LV~ A NLER, BEARER LA S B JIS HR602 D Al FE CRELIE AT 572
DTHDH. BEITTNZ, BBEELIX 20~25um, PR LS G R R IR A3 ) 16.48um, BIFEE N
¥)10.33um, MABIE ) 26.81um Thb 5. il s L OWGRER LR IEM G R DT A 7L — k% LIRE TP-
1, TP2 LS. T A R 7 L— bk TP-1, 2 1%, il D PHE 7 L —2A (7 V7 7 723U T2-BFG) (ZHLARATe =
ETT AN v avEBHR L. TA MY v a r OHEROFE % Table 1 1287
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il L |

><¢ <
D,
rt—>
Inlet Outlet @
Test section Immersion
(’P heater
Refrigerator = Ho! g
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(a) Hot water — cold water heat exchange experiment.

[__Cold water circuit | [ Working fluid (NH;) circuit | Hot water circuit
D
Z Condenser
A
i > Working PHE Volumetric M
Z fluid g Mass flow (Evaporator) flow meter
Tank Al meter
v Z Sub-
cooler Hot water
Working tank
Refrigerator  Refrigerator ‘) fluid
1 2

pump
(b) Ammonia forced convective boiling experiment.

Fig. 1 Schematic diagram of experimental apparatus.
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(i1) Anodized and Coated Composite

(1) Front (ii) Back (1) Anodic Oxidation (TP-1) Film (TP-2)
Fig. 2 Design of test plate. Fig. 3 Photos of test plate.
Table 1 Specification of test section and test plates.
Plate type TP-1 TP-2
Coating Material Anodic Oxidation Anodized a}ld C;oated
Composite Film
Thickn f coati
ickness o ‘coa ing [um] 2025 26.81
(approximately)
Number of plates on test section 4 4
Number of channels
(hot water/ working fluid sides) 22 22
Plate thickness ¢ [mm] 35 3.5
Total heat transfer area 4. [m?] 5.0x107 5.0x10
Cross-sectional area of working fluid channel Acyy [m?] 2.1x10* 2.1x10%
Length of the heat transfer area of test plate /s [m] 2.33x10™ 2.33x10!
Thermal conductivity of A5052 aluminum & [W/mK] 140 140

3:3 EERAE

AWFFETIL, BIEICR LI 2FEEOT A N7 L— MZOWTEEWERE DI 21T - 7=, {ZE8WEREIE, OIRAK-%
ROK-AK)DBAZHAZIRIZ X 2K OEGEIEZRE L OBREEOWE, @7 =7 Z/Eihjil, EAKEZEFRET D
SR RS BRI L A BB RIS L O v = TR EMSEROBEIC L 0 B2 T 7.

3 = 3 - 1 BK-47K (K-7K) DERITHARER

IK-IKDBAHIEBRIILL T O I TIT o 7. FEBRIZIZ Fig. 1 (a) OEE W=, 1Bk Y 7 TR S ZIRK
ERBEOWKET A M7 v a COIRKEIE AN T 2 & TR AT 572, T A M7 v a ORI
EWAKBNZEBT A AN L HOOFIRE KOS REOTRE L EFIREBICHRD, ZhbOREREEZ T —% a i —CH|
ExEATo Tz, FIPESNIAELT —F v 7 —I2 1| BRRET 2 R ESZ. 2 2EOEOFELELZRD, %
DA% FEBrT—4% & L CTHW. FEBRS% Table 2(a) (2507

3327 =7 HEETHEEER

T =T OFE RIS IEBRIILL T O 7T T o 72, FEBRICIL Fig. 1 (b) OEEE AWV, £9°, 1EEhfiiA~
VIR SN T B =T BEENRRAR L I CT A My v a LITiT. £, TA MBS Vg TiEEK
XIS 2 & T U E=T 2 ME, WS 5. WRICKIR AR L 72 o727 U =T I3EHERICE DI,
AR DERRR I DB AKIC K WEET 5. ZORIBIE L7 v E=TIMEBNRIRY v 7 1TSS, ¥
VIR ENTET VBT BRI THET A M v a BN IATe L EHARN TR AT o2, T AR
73 aryO7 =T L ONEAMOA D & H O OIRE R OSTEOTE, 7 v F=T MO % EFIREIC
", ZhoOREEZ T —# 0 I —CIEEZITo 7=, WEMEOFER LT — & QU IoK-/KER & [F U H1EE
FHWTz. RS Table 2(b) (20T



FKHME SN/ 7 V3 1z?f@%ﬁﬁwt7/% T AR DR B 5
(CEEmo%E)

Table 2 Experimental conditions

(a) Hot water — cold water heat exchange experiment. (b) Ammonia forced convective boiling experiment.
Plate types TP-1, TP-2 Plate types TP-1, TP-2
Hot water flow rate 2,3.3,6.7,10 1,2,3,4,5,6,7
. Hot water flow rate
[L/min] ([m/s]) (0.159, 0.265, 0.529, 0.794) [L/min] ([m/s]) (0.079, 0.159, 0.238, 0.317, 0.397,
Cold water flow rate 3,5,10,15 . . 0.476, 0.556)
[L/min] ([m/s]) (0.238,0.397, 0.794, 1.19) Working fluid mass 35,5,75, 10, 15
Hot water inlet flow rate [kg/h]
ot water mOe 30,35, 40, 45 (Mass flux [ke/m’s]) (4.63,6.61,9.92,13.2, 19.8)
temperature [°C] H ol
. ot water mlet
Cold water 1I})let 5,10 temperature [°C] 30, 40
temperature [°C] . .
Working fluid inlet

pressure [kPa abs] 700

3:4 T—HERE
IKIKDBGEHEER TIIT A b7 L— s OIRKOBMRERZ RO T, LU FICBMRiEROE AT
KOS DB 0 [W] A LL F O TRD 7.

Qn = thph(Th,in - Th,out) (€Y

Z 2T omy [kg/s] W HIEAKOE ERLE, Cpi [J/kgK] FEARDELLLEY, Thi, Thow [[C] 1EEKMIO AL & HORE
Th é’)
WAZENGBIE SR U, [WmPK] 2 RATR DT,

Upw = Qh/(As ATlm,ww) (2)
Z 2T 4 [m?] 17 A M7 L— N ORMBEERE, AT [C)] 1TECEANREEZETH D, E I BCEIRE &
ATy VIRTR D T2

AT = (Th,in—Tc(.z;ut‘)—_(:h,ous—rrc,in) (3)
Inyin”"cout)
(Th,out_Tc,in)

Z 2T Toim Toou [C] 1FWKMAIOAT EHODIRETHS.

L AT, BHIROBMREROEHIZIX Y 4V 7y ME (Wilson, 1915) 23— fRICHWSND. [RIHE
%, BEROPHZ /XT A—2—L L, ZHUKT 2EmE=R & OHEBEBMR G, (LR OVGEIZKTT 2 BYRER D
MRZBFDL Z LN TE S, 22T, AKDOWHE V,[m/s] & BMRIES by [W/mPK] & L7-RE, 202 RATHRTZ
LINTED.

1/hy = Cpi Vi )

Z 2T Cu It <o 5. £7-, BAKFEE Vi [m/s] 1ZIEAKDEBEIEE my [ke/s], IEKDEE py[kgm?] &
FEWIEAE 4. [m?] &AWV TR TR 7.

Vi = mp/(pn An) ®)
KM DOBYEEER h \IZ DWW T HEHKDOWEE V. & ORNZFEEEORDZ LY > L T5.
1/hc = Cclvc_rl (6)

GBI U, 1%, Bq. (IR TIRAMAF X ORAKBIOBIRIL & ZET L — N OBMRFLOFI O TR Z &2
TX5.
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1/Upy = 1/hy +1/h, + t/k ™

ZZT, t[mlE k [WmKIHMEET L — ORI B LUOBMEERTH Y, 72 vk OEIZT A R 7 L— FOEYK
nThsb.

TR LOWAKOFEENE L (M=V) & 72D X 9125272548, Eq.(DIZEq.(5),( )2 SA L V), CEIEAITH
Ly WU & 1V OBRIZEQ 8) THZ D Z ENTE 5.

1/Upy = CpiVi " + CoiVy " + t/k = (Cpy + Co)V "+ t/k = GV " + €y 3

ZIZTCGIEHIERTH S, £z, CGlET AN L— FOERBL vk TH 5.
F77, EAKEGBKOTFENGE LN LMD, Chy = CqDRV D, ko TCpy =Cq=C/2 TH5D.
PLEX D, Eq.S)DVBMAEESR by (ZHBURE CL W T FO L D ICEEET Z LN TEXD.

1/hy = 0.5C,V;™ ©)

WIT, T re=T xR ERICB T D IEEMRIERZ UL T O HETRO 7.
TR, BUERE U, &2 L O EEZ AW CEH L.
Uwf = Qn/(As ATlm,wf) (10)
Z 2T QW IERARBAHAE T Eq. ()0 B3ROT2. 72, AIXT L— N ORMGEEFRE,  ATh, o I ZEEMEEICE
T ARECENREETH D, £, 0, AT lTTNETRA TR,

ATlmw = Th in Th out /ln (Th,in_Tsat) 11
wf ) )

(Th,in_Tsat)

2 2T Tl 3BEEINC BT 57 =7 ORIFIRIE TH Y, PROPATH (Propath Group, 2016) Zfifi> TR 7z
TEBN TSI D USRS IESR iR TRO T2

1/hyr = 1/Uys = (/b + t/k) = 1/Upy — (1/hp + Co) (12)

Z 2T ColIEq ) CHL Nz -, FRIRKAEMEESR by (3 Eq. @) OHERNE 5 2 72
BRI, B EMEEOREIIZA VST A M7 v a VOO FE x (ZRA TR 7.

— Qh_qub_qup (13)

mWfL

X

T 2T LT, my I ERNRIROEERETH S, £72, Qus, Oup (HIBHIR L BEIRIC 1T D EVTHRE T
b5, ZNHDMEL, EENRARAD DL 2L E—DfE L, BUcfi L EEfAE BT EOlNOEbND
e o Z A E—DENSENENE] Lz, 728, Eq (I3)XEEAAN O OLMEMEE TH DB DI L
7.

4. % g

4-1 KOBMZERE

IKOBRFERIZOWTENT 5720, K—I/KERTH L7 BudimRIZ SOV TEB 21T > 72, Fig. 512 TP-1, 2
DT AN T L— h DK = KBS ER CTIH O NI VU & 1V, OFBEZ Y. Eq ) TEEAITH 2L T, &7
L— h OB E R TE L.

(TP-1)  —— =4.269x 10-4(V—1h)°-67 (14)

ww

(TP-2) ——=4931x 10—4(@0-62 (15)

ww
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CHEmE DY)

ENENDT A N7 L— N TGRSR T 2R R 575, 72 M7 L— METR— L7cBZ T2
7o, TRAKVEHRICH T D HE5E 2D OFEEHED D n=0.669 & 5.2 7.

WRIZ Eq. (8)DFEBE AR 5728, Fig. 6 ([CEEIER 1/U,,, & IRAGEHE 1/V, 2 X HHEPEA{T->7=. Fig. 6 OAER)
5 Eq. (8)& KD, FIUTxT 2585 Co, Ci & %1572, 15 DAV % Table 3 [T~ 7.

(TP-1) —— =4.059x 10~* (—)%66% 4+ 4,346 x 1075 (16)
Uww Vh
(TP-2) —— =4.018x107* (—)%66° +1.023x 10™* (17)
Uww Vh
10-2‘”w UL R UL R ]
>Exam;l_cll,alla Anodic Oxidati 0.003 T T T T T T
i o TP:2 EAnEd;;ed):nzuggzned Composite Film)— _ | E):am:l'g?tla(AnodiC Oxidation) |
- O TP-2 (Anodized and Coated Composite Film)
= &2 0.002F .
Né E o
z 107 1 g g
b§ 8 b§ 0.001+ i
B =
T VN o1 2 3 = 4
10 10 ; 10 I/Vh0.669[(m/s)-0.669]
1/Vy, [(m/s)]
Fig. 5 Overall heat transfer coefficient vs. hot water velocity Fig. 6 Wilson plots of water-water heat exchange.
of water-water heat exchange.
PLEDOKXDED D Eq. ONZ L D & T A 7 L— N OKBIOBMRER &2 R T-.
(TP-1)  hy, = 7.413 x 103 1,,%¢° (18)
(TP-2)  hy, = 7.022 x 103 1,,%¢° (19)

Eq.(18),(19)& ¥ TP-1 & TP-2 OKMBVREERIZIFIER TMEZRT 2 E 0N 00 5. Lo T, RELIREIZE D
IKOBURESDFBITINZ R0 5.

4:2 FRETL—FOBEBRELUSGESE

AWFFETIL, TP-1, TP-2 ® 2 FFHOT A K7 L— MIDOWTT U E=T I T HIEBWERED L 21T > 72
N, TA eV aAlBT HEGERE Uy OFHICSNEE/RT A N7 L— N OBMEHLOEN 5 Tlide o7
728, KIKFEBROFEREZ AW CEHliZ T >72. 7 A M7 L— FOBRBUL Eq.Q)D th, DF VT AT L— 1D
JEE t LAMRER k DLLOETH D, ZOfEIE Table ] D Co DIEEZE LW L5, TP-1,TP-2 O L — MEWEHT
1L Eq. (16), A7) 5 thk=4.35%107,1.02 x 10* m’K/ W ThH 5. W7 A N —  OEMOT VI =T LT L — |
DEZFFHELL =35x10°m THDHZ Lnb, TNENOEMRERIIZNEI £=80.50,3431 WmK L7025, =
D EMNBERERIL TP-1 DN KEL, £2T A T L— FOBMBIO O BEMLETIE, TP-1 DFRE
WZ EERLTWD. £, 2B L LTEMRERSY 2WmK ThAHT ¥ = ATR— A XOT 1 — NEER L
A, FRRRIEE LT 1.59 x 104 mK/ W 33515, TP-1, 2 OBMRFUI Z DL K<, 73 =7 AKEL
AT THF X =0 MTHABYEHIA 40~70% KV MEE T L— R OMERFRECTH D L E 2. D.

—J, FBRTHEOLNEARER L, £T7 A b7 L— ORIy DR t & BYRER k, OIEN SRR TE LR
B RN OBMBER |, L O AT 72, BT OBMRERE k13 Eq. (20) TRD7Z. ZOFER% Table 3 (/-7
E, BT AT b— FOREOBYRERIIIA SN > TN, ZOFE TlI— 72t —4% % H
V2. TP-1 CTIEGER L R DO BMRE = A4 67 W/mK (N [LIft1,1980), TP-2 TlXBGtifa b D BVLE RN %
TRIERFIHEA S THWA T 7 VIR OBMAEHRE TH 55 0.21W/mK % v 7z,
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t | 2ty | 2t
ko= (t+ 2ty + ZtSZ)/(k_b-l_Ff-l_Fzz) (20)

ZIZTHLRITEMDOT NI =g AT L— MNEX EEVRER,  LITHBEO R EOE S LERERTH 5.

Table 3 Thermal resistance of TP-1 and TP-2 plates.

Plate type TP-1 TP-2
Thickness of base aluminum plate  [m] 3.5x10° 3.5% 1073
Thermal resistance of test plate #/k obtained by Eq. (16) and (17
P y Ea. (16) {17 4.35x 1073 1.02 x 10*

[m?K/W]
Thermal conductivity k obtained by thermal resistance of test plate

80.50 3431
t/k [W/mK]
Thickness of coating materials  [m] 25 % 10¢ 26.81 x 10
Thermal conductivity of coating materials ks [W/mK] 67 0.21
Apparent thermal conductivity of coating materials k. [W/mK] 137.88 28.69

Table 3 KV, WANT OBMRESR k, 13212 137.88 B L 1VN28.69 WimK & 72 V), FEBR HAF BT BMAEE k

DIEIZIEF I MED G DTz,

4.3 FERB[BOBBAEDAIE

Fig. 7 (a), (b) 3 LT Fig. 8(a), (W)IZIRAGEHE V), (24 2 Budi = U, D4~ . Fig. 71 TP-1, Fig. 8 |% TP-2
OFERAZTRLTEY, FXD@)bL)HIEANDEEDSIEN T, =30CEH L R40CIZB T iR 2R~

Fig. 7 (a), (b)D TP-1 DFER LV, FEEREICKIT H2EumBFEIE, —HMOMFERAE BERESREZRE, K
FOROHEIMI LN L CTWD Z E 030D, £72, Fig. 7 (a) & (b)DIEAA LR DT X 2 Bumi =R o Hhifik
IZBWT, FEhRINE BT R my= 15 kg/h OEEIE, W IOEAREICE WO THIZIER UEZ2R LTS, &
RN CHREE OB X 0 MEBERRIRIERE & OIREENRRKE < 725720, EqAD)OXMECEREZIIRE <725, L
2L, [ERFCEGHE S EINL T L7 2D K D IR & e o7z, ARIREEOHINC K 5 #Bas#i o inig,
{EENH T OB R OIS L A /EENR AR OB ER OB EZ R LT\ 5. —J5, Fig.7(a)® m,=3.5kg/h, Fig7
O)YD myy=3.5 B LS5 kgh IZEB1T HEGEEROEIT, BATGEDOZIZH L TURE—EIZ/ D T EBN0nD.
ZOHBEITRD 44 T HHRT 50, (EEERNE &R EMEOS 0SS, MEERAH 0z W CTEENR IR D
FWLXJE x BE RIA T U RBRRET 5720, Rt OVEBN A St i O & FEAMRUOGRZ e~ EBh A
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Fig. 9 Boiling heat transfer coefficient at anodic oxidation test plate (TP-1).
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Fig. 10 Boiling heat transfer coefficient at anodized and coated composite film test plate (TP-2).
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