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A plate-type heat exchanger (PHE) that use seawater as a cooling/heating medium is widely
employed by chemical plants, power-generating facilities and large transport ships. Titanium is a
common material for these heat exchangers, particularly for their primary members, including a
heat exchanging plate and piping, thanks to its excellent corrosion resistance to seawater. Improving
the heat-transfer performance of PHE enables the reduction in number and size of the plate used in
PHE and thus enables the entire facility to be downsized. We have developed a high-heat-transfer
titanium plate-HEET"-which has a heat-transfer performance that is significantly improved by fine
irregularities imparted on its surface. The surface area increased by the fine irregularities, along
with the promoted nucleate boiling, has improved the heat-transfer and particularly increased the
evaporation heat transfer by approximately 20% or more.

FANE =F 5 LK LT TER I EE
RS o ZD, ALET T N RFEERM, KA
7 2BV T, WKRE O THERMEAZIT) 7L —
b1 2F (Plate type Heat Exchanger, LI TFPHE
L)) OBSIRT L — NREE R O EEIM IS
CAERTWS Y o B 1 ICPHEDOH % & JHHZ R,
PHEIX, 7L — M ZHATHETMICTHEN B MK E,
KIZ & o TEHHB 2 VIZME S N5 BAR L DR CEscH
FATHRBTH D, BLBIIE 2R TIZA 70D
D, Tk ETHR SN A EKE G 72 0ilEKICTHEHIT
% AR SRR 2, R AR e LSBT A1
Bk 2 IR WilK TEURICZE 2 5 BB E8, B X OYE
B AR WRICE 2 B BB D 5. N5 OB
BEZ I L SED 2 ENTENIIENRALTREE 2 5,
%72, PHECH TS5 7L — MERH A X2 WA &
®5HZLICLD, BEEERONLIEEE 2 5,
INFTIT, BSHBRORFEILD7-0H %2 OWFFE%
PATbNT &7, &I, BREHIIBVT, 7L—1
DEMPSDOBEZ R LS5 FEE LT, 7L—1F
KMIZAT Y VANERFT 52 & TR—F ZML% K
T R, KEIZHOEEZ A L 2RBERET 5
XTI RS A 2 8 A STV A,
INHOFETIE, REOMM R MM AR & 2 D
Kb 2 X &5 2 L 12 X o THEBEHOIN FAHER
ENRTw3, LaL, IhbswTholikd, FimMy
AHEE X< D) T2 % EREMBHTCOREN B
CIMToOa A MNREENRLR EOREDD 5,
FZTHKIE, ChooMEEZRRT A HEE LT,
WEEIE RN & 5 CTF & O FEHHEIY % -5
FTHHERRE LY, B 3 \ZEEE R O BEms X %

Fixed frame

Heated low-
temperature fluid

< Low-temperature fluid

Cooled high-temperature fluid
1 7L — FRESRZROREE & A

Fig. 1 Structure and principles of plate type heat exchanger
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Fig. 3 Outline of transfer-printing technology in rolling process
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Fig. 4 Schematic of unevenness of line pattern on surface
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Fig. 5 Pattern diagram of typical heat exchanger plate
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Fig. 6 Coil, surface condition and cross-sectional structure of high
heat transfer titanium HEET
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Fig. 7 Schematic diagram of experimental apparatus
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Fig. 8 Schematic diagram of visualization experimental apparatus
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Fig. 9 Evaporation heat transfer performances of HEET and normal
plate
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Table 1 Test conditions of heat transfer performance

Hot water Cold water R134a
Inlet Flow Flow Inlet Flow Flow Flow Mass Saturation
temperature | volume rate temperature volume rate volume flux pressure
(T (m¥s) | (m/s) (C) (m¥/s) (m/s) (m¥s) | (kg/m?s) (MPa)
Evaporation 35 3.0 0.6 10 5.0 0.8 0.1 23 0.5
Condensation 40 3.0 0.6 10 2.0 0.4 0.1 22 0.9
Liquid phase
heat transfer 70 5.0 0.9 20 1.0 0.2
&2 WHALAERSA
Table 2 Conditions of visualization experiment
Hot water Cold water R134a
Inlet Flow Inlet Flow Evaporative | Saturation Heat
temperature volume | temperature | volume | temperature pressure flux
(m?s) C (m’s) (C) (MPa) | (kKW/m?)
40.0 25.0 6.0~17.0 1.0~2.0 30.0~33.0 0.65~0.74 | 20.0~40.0
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(a) Normal surface (b) Uneven surface of HEET
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Fig.10 Boiling situation in uneven surface and normal surface in
titanium pipe
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