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Visualization of ammonia forced convective boiling on herringbone plate heat exchanger
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Abstract

The improvement of heat transfer performance of heat exchangers is required to distribute the OTEC facilities in the world.
At the heat exchanger such as an evaporator and a condenser for the OTEC, the plate heat exchanger (PHE) are generally used
and the ammonia and seawater are flowed as a working and heat sources. To improve the performance of the PHEs, it is
necessary to clarify the heat transfer and two-phase flow phenomena inside PHEs. Specially, according to the evaporator for
the OTEC have to generate the ammonia vapor, the clarification of the boiling heat transfer and boiling phenomena are
important. The measurement of heat transfer is relatively easy. However, it is difficult to observe inside PHE due to the plates
of PHE is interposed between two thick metal frames. Therefore, the author was implemented the visualization of boiling
phenomena inside PHE to make a new apparatus. The apparatus has large sight glass on the front frame and large visual field.
In this study, the visualization of ammonia boiling phenomena above the plate surface to use the herringbone aluminum plate
were performed. As a result, the different boiling flow pattern are observed at different mass flux, subcooled temperature and
hat fluxes. In addition, the correlation between the boiling phenomena and void fractions will be made a report in this report.
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7o, B b CRiiA 2 —7 4 7 SNTW Db DL Lo, REOIZIRIZK 5 ITRTA~Y U AR—BTHD,
ZOEER VIRT. BiiE, JISH8601 THIE S 7-RmMEE S E S LT\ 5. BLITRiEIE TIThh,
B K& BIE T FLABE CRALBES LT D . E 71X AALS FHY (GEJIT 20~25um) TH5H.

#F1 TARNTL— DT

Material - - A1050
Thickness [mm)] t 1
Wave height [mm] h 2.47
Wave pitch [mm] p 8.13
Chevron angle [deg] p 45
Number of plates - n 4
Overall heat transfer area [m?] As 0.0549
Overall cross-sectional area [m?] A, 3.6x10*
Hydraulic diameter [mm] Dy, 4.94

Number of channels

. . - - 2/2
(Working fluid/ hot water)

3.3 EEAE

FEBRCIX, M3DT A M7 va i, (EEfiECchHIT =T LIKERERCRT LTI vE=T %
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v OEFNES) 2T 5. B0 T =T IXHOERRE S v 7 I2R 5.
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3.4 EEREH
FERRME L LT, FENRIROE &R G % 7,14, 20, 27 kg/m?s, WRAKOAEERE my % 1,2, 3,4 L/min, IRAKAD
TR Thy i % 28~32 °C, B AT % 6,0 °C, FVEIE /1% 700 kPa (T = 13.8 C)& L7-.
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X 812, KOG EFE m, =1 Limin, {EENRIRA DBSE ATw= 6K OSMET, 1EEFAOERITEK G % 7,
14,20,27 kg/m?s |ZZAL S E 2551081 A UEEM Z g L=, FERIZs VT, (EENRIRITA T oA LA
it d 5. 72, EAKIIT L— hOEEE L B DE TICHATE TRV TN . X 8@IZBW\ T, B
A T BRAEL TS SN HERE L C 30CRIEZDOIEARDZITN TR Y, Zhi/ Sy 20 LTl
L TN A TOREEBEVENRE. O LML TN T 7 — N EAL TS, —JF, BEREO/N
EWGA, OB TIRIETI+HA 7 ZICEEL TV D 2 Enmnd. BRFEHR G NN L=54, i
WIS TN IS D 2 & T, a8m RICBlE S a3 mad Tl 7 ML, SiasEEbE T L
X912, AKEEFE my=1L/min, ADBEE ATw= 0K OFMHITHIT D BEREEO i 273, X9 (@)ick
WTH X 8 (a) & [FIRRICUBIERIEITA T DRAET 203, [FAFRFCA TOALNMEND AL TWD Z &350
%, I TS ORI DWW TIA RSN S 37 7 — Vbl Cldre < fafiilig & 5 2 b, SIaEn
BI8(a) LVHRL TS, Fio, KA+ A 7 ZIi~OZEKITX 8 1Tk, KV Byl CRlZE SNz, Gtk
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(a) G =7 kg/m?s (b) G = 14 kg/n?s (c) G =20 kg/m’s (d) G=27 kg/m’s
BERER: g =16 kWm?,  BIEER: ¢=17kW/m?,  JEHEFR: ¢=15kWm?  JIEFER: ¢=15kW/m?,
Iy = 4580 W/m2K) Ty = 4648 W/m?K) Iy = 6382 W/m2K) huy= 6135 W/m?K)

8 ISR OB BT RIC X D (my =1 L/min, ATy= 6K)

(a)G =7 kg/m?s (b) G= 14 kg/m?s (c) G=20 kg/m?s
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D, 72 F OBSITSKIEBFET 5. — 07, OB CidAefh ok & ICKIERNEICFEL T D, Lo T 10(c)
DA DIIAE L =80 ~ 100mm OFHK CixRe>TEBY, TR TIHIZE—HKLTWD. —J, K110b)D my,
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HEINCIEH 50, KiaREBOENCELELELESZD.
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1212, EERK G=7kg/m, BB ATw =6 K, 0K DRI D R%E, EREENOELNH A
EE X &, FIUEEBAIAT TR O OR A RE o OFBEE LTF ey b L. X 12()DI%E D 6K DY
B, HAOEEE x,u=04 & 0.5 THRA REOHENZNENRR LM E /o7 —J7, X 12(b)DIEm A 0K
DA, TEEICH LTRA REBEINT 52 8005, £z, FERE FZRIEO D=, K12 1213
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i FIRRA L FEBRIC I TR D ALTZ Co= 035, Vay=0.71, Co=0.94, Vi,= 0.77 & 5272, X 12(a), ()DWTHILDOARA K
R, WHERETANPORELSTEFEL TNDZEND0D. —F, K 12)DRA RRSAL, HOEE E x,,~0.4
TIHERAR S OHER X, H X x,,=0.5 TIEX=F5OH#RA, X 12b)0%A1E, Okamoto H OHEFRAIZ—E L
fo. ZOZ EMD, WERERREN DR O A A RELEEE L OBMRIL, AFEBRCTHWZAY AR — A58
L, =D, Okamoto & CTHWOLNFBEAE CIIRKEL EDLLT, 7 E=7T ORI BTl
CENETERIC L DT REEEN LR A REEZHRTXHZ ERH LN T,
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(1) 7A M v a v AOGME L GRMEZ 5 2 72556, (FERAE ERROE M K 2 UBISERFH O Lk 6,
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Q) WHEN2NGEAE, TFEIAE BRCR D R b K&\ G =27 kg/m?s LISNOSRMETIE, TEEIfTIAE B HIC X
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gxnt.

(3) AL & OERFENTIC LV @ S HRORA RROMADE LN, @S HRORA RRIGAL, R
DENNZ LD, RA FROBMBOENDEZEOND Z ENShoiz.
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-7z,

Ei| i
ARFFEIIRE (20K05403) A5 CIME L7z, Z ZIZRe L CUR#T 5.
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