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Two-dimensional Flow Structure in a Heat Exchanger with Tight Tube Bundle
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A shell-and-tube heat exchanger is widely used in various engineering applications including air-conditioning systems. The
geometry and arrangement of heat exchanger tubes is closely related to the performance of heat exchanger. In this type of heat
exchangers, boiling occurs outside the heat exchanger tubes and consequently the bubble behavior and void fraction distribution in
tube bundles should be understood sufficiently in order to achieve high performance design. The purpose of this study is to elucidate
complicated two-phase flow structure in tube bundles through numerical simulations and to estimate desirable tube arrangement
patterns. We calculated the two-dimensional void distributions for three patterns of tube arrangement. It was shown that heat transfer
characteristics may be improved if tube free areas and downward flow sections are included in the tube bundles.
1. #E8 GEVEDRRITOND. GEEOREIL, #4771 TI81 K,
KAV Bk 7 E I SN T D BRBEBR OB, 2% BAT72,3TIEISIARTHD. 2T, BMBNIIZHT
MfEBARBEERNH D, i, KIESEPICAKECHEE 5 RME AR D Z IR LB E L/, N FAER%
HEREL, BNCSERELRAIEDLZ LICX Y EIE Fig. 1,2 (MR X 512 93 EOFEICaEIL, KRk
DHEHE RS, BZBEITIBOTHD. TOB, AR BT DR A FEEB XORIRD L1 & §itE 0 22 M FE %
BIL - THEBLEGHERTIERY y FHNELER L TW AREMBRIVEHLE.
B, HIZEAFENRXDLD CTEVFERLR[ERMICKE R
ZRIROMR Y BEET B HEICIE, RBITRRA FROBKIC 2omm
LV BBEATTRIA TV FBEL, BRBIEEDET % ju %
Bl &K TR B . LIAS>C, ARSI BT VANAN
BRZBMEO X L2510 AR D -0IiE, BHAICEBITD 7 ”‘\\*
KWOFBE ML, NI HE THOREREE T 32mm \
?ﬂﬂé‘é‘kﬁ%bﬁ)’(i%ktﬁé /
B ST R KRR THE A B BB PO 12 b, % < A
NN it i i ) )1( N/
BBPBORRTEISE I 5 = A TE UL, BRE i
03‘%%‘:2@};% gy} ;ﬁgﬁ‘iﬁ,‘j‘:*ﬁ%‘q@‘é ZENTES HD & % Calculating area
FFTED. AP TIL, EHABICRT 5K Mo e Fig. 1 Triangular arrangement of heat transfer tubes

RREZRT HRIEEF VIS D BEMICRHT 5. 77,
JFEOEHREAL XS L-HERERE L HBRSITTH 2 L
LY, BRBMRED X 525 EDORREMIZ DWW TERY

5.

Heat transfer tube ,Rectifier plate Measuring section ¢ 543mm

2. BEETILRUBRHEH

2.1 BIWETIL
BRTZHEET N2 AN TIFEEOGRERE » X RIC

RN & i L. BB BIAMORNEIL 543mm THY, =

P IIHME 20mm, ' F 23.2mm T Fig 1 [ZRT X 5 = (

BH & 5. IR TRENRE A RITT 5700, MITER Inner shell

DEHZ 3mm TRIEOEZ *FE & Uiz, KAEL Q2D 5 A

71 OEREERLE TIL, REVE 2 BB —ICRE Fig. 2 Tube arrangement in the type 3 heat exchanger
T5. 4472 TIXERE 3FICHEIL, SERBICERE
DFELZWER FhEF) 28T 5. i, HEHLE 22 BIEY

© TRIAN EEICHRIT D = S LY, BHAOKRA M BRI IR o — RO — > T D CFX-5.6 &M L
ETFL, ComRBZBMERAM LTS Z L AR LIZbO . FREER - BEOKBIOZERE U, SIHIAMIIEL
THD. #4473 T, REIOEREIZ S HIZERAOR BIRIR O LA B 20mm 8 (b B RED 0 A B 49mm)
& 200mm, /& X 2mm OFEEELRRITS. ZHiE, $hiEEED LU, HEEAMIAREYA X Imm OFEERTFL L, ©
FIBRIC FREGEATEAR SN D 2 210 &0 RO L1 & ji 96 T3 RO T AU K 0 BB L /F L GRERE LY
PERL, RA FEMETTDIL2MW-bDTHD. ¥ TWENE BT A LD L L, BREREORA FRIX
A 73BT L EHAEEES Fig2 IoR”T. #A4 72 TiEZ 0.1, ZRFMHEIEEHERE L BEOH AT 0.01m/s £-ik

NEVRBEENHEREND. Z4 71 THEDICREFIBIC 0.02nvs & L7=. WAL 3mm & L. $7-, ki

—560—
NI | -El ectronic Library Service



Japan Society of Fluid Mechanics

SINDENOEBIZL YR A FRBZEMANILBNRIRS
BANEREDLZENHLNTOWDY, HEO-OEREFE T
ELIROEEITEE L TV,

3. BEHE
3.1 RA FE
RATRERO—H &L LT, Figd I2¥ 4 7 2 BT aBE
FKEIZBITHZERIEL 0.02m/s & LTz L X DRA FRHT
OHERELZTT. AR LY, KAOKEFI~0BEITEIC
BHLIMTRLNDZEDRbNS. 7, KEFIB X UERK
BEDQHBRICHOWTRET D72, (EEFRREICEKT 5 25/
FHRA FRAPEHZERREICH LTIy b LIRS
Figd o=y, REVY, #4472, 3 TRZATS 1 LHBELT
RA RENMEB L TWBZ bbb, Zhiy, 3%
RBTAZLICEY FFAT Y ML HBHBMERTO
AHEMEEFER TE LD EEZLND.

Air at 25 C.
(Plane 1)
-~ 1.0000+000

7.500e-001
5.000e-001

2.500e-001

~—1.000e-007

v
X

Fig.3 Void fraction at low gas velocity (Vg=0.02m/s)
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Fig.4 Void fraction in calculating area
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(b) Liquid phase

Fig.5 Vertical upward velocity at two geometry patterns
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