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ABSTRACT

This study develops a new style fin having vortex generator configuration
which is used in fin-and-tube heat exchangers. \Vortex generators were

commonly used in aircraft to reduce separation.

There are many style vortex generators. In this study, we develop a new
style having a “half-dimple” configuration. In the design stage, CFD is
employed to locate the best position and the arrangement. The result is
deployed in a “VV” arrangement for the purpose of decreasing the pressure drop.
The simulation results are then used to develop the prototype of actual

fin-and-tube heat exchangers.

In the experiment, the effect of fin pitches (1.6mm, 2.0mm), and the
number of tube row (1, 2, 4rows) for three kinds of fin style (plain, vortex
generators, louver) are examined. The frontal velocity ranges from 0.5 to 5 m/s.
The results show that louver fin outperforms other fin patterns in most cases.
However, when the fin pitch is increased.from 1.6 mm to 2.0 mm, the heat
transfer coefficient of louver fin will decrease considerably. But for the vortex
generators case, the influence is quite small. Even in the low velocity, the

efficiency of vortex generator will be better than the louver fin.

Keywords: fin-and-tube heat exchanger, vortex generator
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Bl 3-5 #fed =7 LR

2 1l a7 PR aT ol

h AT R R ARG TSR
B (Pa) et % a
(W/m2xK) (°C) (C)
45.82 31.74 4634  72.30 8+8
45.45 31.80 4643 7256 6+8
45.78 31.82 46.44 7155 4+8
45.61 31.84 46.45  71.28 4+4
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VG 7 ik solid temp (‘C) fluidtemp ('C) AP (Pa)
(W/m2xK)
T4 45.09 46.55 38.56 21.86
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% 3L R chil VAT LW 0 R R F

VG AlfE T VG-22 1 VG-V  VGV+
L
T & B
h |

45.09 52.15 52.46 51.51
(W/m2xK) |
AP (Pa) 21.86 45.05 40.16 42.58
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() e A Bl - FHRBIoPF o L A AT LR >R 5
FREURE - AR ET B IRy TS BE SRR L
TRIZE R L FRT?2.2 5 RIE Ko £ 8 F TH?
FERERFEREERIPREE S 2 (H01C) 12 3 4
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FRRRA 2 5 AL i, e S RE G e s B ED
A1 o @ g dI 57 o 6 SR @ 7 kot BlAp g o
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Qa= 114 Cp a(Taout = Tain) (4-1)
Quw = Mo Cpw(Tw,oue = Twin) (4-2)

B Ty oue *Twin » &> 23 B5 RTD #ripl £ 3 i &
7ﬁm'nméW$&ﬁ@’%?%@N%§WNﬁibﬁi:mmﬂ
Fd R WIS R e M KRR TRRRPERA
My v d iR S LRMEFEHER G fFEIEE > THE AMCA210 2
iR oM FRBREHFA I BQENE o AR KA
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B Z B4 % 23+ ¢ (American Society of Heating , Refrigerating
and Air-Condition Engineers , ASHRAE)*#. z_: Q¥ Q,, s £ FE% JE f
%L o E A BEGE T S BB i 250 5

1 1 1
e — T A 4_3
UA haAa+Rwa”+thN ( )
A AT RN R R L SRR P
1 1
____|_ 4-4
UA h\NA\N R\Nall nahaAa ( )
He 578 i; &éﬂ,—p%}?\éﬁ\‘rﬂ;R ?%&"E%J’E;
UA 7 hWAN l wall 4
1 A 3‘; Jéﬂ FE > 11T BB Els ;rm;i“m; -7-; i
aa A,

()i #pe © § UA-LMTD-F ;2 » 72 %2 &-NTU % & f8 - & 5 % 12 e-NTU
EUERER o ¥t (A1) 2N (42)Y BB B 0 H RER

Qavg Qa + QW (4_5)

2
IR A
£= Qug (4-6)
Qmax
BP o Quax s 5B FER2EAH£BE > HPE 225
=C . |T .-T . 4-7
Qmax mm( h,i c,|j (4-7)

mOAF S R B2 d o unmixed/ unmixed - B ¥ &
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8:1'eXp C* % NTUO 22 (4-8)
« C UA ,
dHe C =200 5 5 NTU = e F e E UA
Cmax Cmin

@F BRI G- BRSS9

R ? (4-9)

wall

wall 27Z'k
PR A B R Rl kR F R R R [ R
@%ﬁ%&tﬂﬁiﬁwﬁ%&o
1
hA,
Heh A-RRI# @ RES A GERGRf By My F i >
YABTRA G E s NSRS B R AL T R
Fok B % i <32 100007 & FF F h it o R o] o i A
HE 7 R DT HIE T €] o

Ry= (4-10)

@) 7§ BRI AE 2F B Al Bl FL 4 A B Rk

BB YRR = i ATVER)
FRIFEBE L HEE

b i pEmiab - ROE(HEA =3 TR A)

4 nf = 8lg 1 75{5—3 ’ no e LI o 1};"_1}[‘1%@?% ,?fé‘] T
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TEF U RS ERAS BN R S R R R
AIERTT LG okd s EAFFES AL R FOAIVER
Wit REBRA A EER TR - BRD AN, 4 LR

1 1

R, (4-11)

T NA A,

b= [%4}[“ 0.35|n["re—‘1}] (4-15)
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1
127 L 03] ik 5 2 sy

rﬁ_q: c 1 (4-16)
L%¥W%4M2%ﬁ¥élﬂﬁﬂ
) 1 :‘3 X~ — ;l

L= 2 L ) (4-17)
ul ¥ it T T

M :% (4-18)

Gt st P LG BiE 0 B e TaRe 2 - g
R RN SRR O SRL §RE F R

BOAEE P REAE s BN RGE S R g oS P g
Brgdal I3 §F RlaBFR REh o9 2 F € i v E Flk S

—+ & %]+ (Colburn factor) j % £ 7 » H:& & ;N 4= ¢

j= h, Pr2? (4-19)

4.3.2 BV I0A

1R BB T A A R B R R 1
R RER S RYEHTREMEE BB EITHS R AER > 4ok 5B
G E AR X AR R EThA AHES KR LY LR DT
Bhept B g G AL ARG AT T 1 A AR Y
SR AL FER L R T RO R



BEAGERIBEL VIR FLRSER A FIRFE
- dm 3 o eRA mE R+ § % B Kay and London (1984)[26] o 4]

4.30 #7%  REBAFHEBORBIET 4 LT AliE S0

AP = API APf + APa + APe (4-20)

s

P () AP A RERIL i B PEFLR G %) ST S R
(b) AP, 3 i RG i = P B R E
(C) AP, 5 inH FI & &1 5l deid A e Roirig & RS -
(d) AP 2 URREE 1 5 e TR E R e N IR E
T 5 P e e BN A B R
(@) AP & JRHEIE ~ gt 5 PE F)ON i ) ATig o R R G
MR 6 g ot (120") 0 A R L R B BREE  F R
Wl 5 7 VR 0 2 Flinag FRAFUR 4 AEA Gl s Koo R

1 1

I:)1_|_5101 fr2 Z P

1 )
entrance + 2 pentranc V + E entrancch KC (4-21)

b4 7 RS :ﬁ N 2,,:;,_ 12 — . 2 '1/ 4/ ;: .
SRR 1A @“‘fﬂ > 7L O = Pentrance ’ — sz FRLH G

A?Pi = \%2(1— o’ +K,) (4-22)
1

(b) AP, 5 JRBE B P P BEERE (B R AR & ¥ )

AP, LV2

,0— =4 D 2 (4-23)
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H¢ f % Fanning A8 -

(C) AP 5 kTR 21 OB ATIE N R
dOTAP TS H g TS T b g 0 T
m m ) )

AP — _V it _V - Vexit T IOlventrance

a A exit A entrance = IO 2

2 2
_G’_ G AR EE (4-24)
c
P, P P P

AR AL ETFE R R 0 BRER P i S RF o

(d) AP & G 8 B P B i % g R

dAE Rt RERAR) > R (A F BT
AR, -V

b= —(1-0" =K, (@-25)

Ps

STILRREE G
AP = AP +AP. +AP, + AP,

| g —o° - 4-26
_G, {(l O'+Kc)+ f A+2[l 1}_(1 o Ke)} (4-26)

2 e Pn A g 0,

P o 1 IERE R ‘élb‘ii@gg’/”lg‘ﬁﬁpﬂmﬁﬁﬁ 'S‘?%IR?{,
Kays and London # 77 @ jt P it Ko ~ Ko A3l &k » 7 doiz s B

@?f@ﬁiudﬁﬁjg=@=0’%UifW”i%§3

Angi{ﬁllf+@+aﬁ(ﬂ_@ﬂ (4-27)
20, A Py P,
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A B FRREFEGY o rrr anfr e g KoK o

c e

433 % B RER @ T R

RA*FDH G EES > AR BH R E > REE R ORIEE
Hpena bl D (D)AaiFipk @2 2 B4 B emif 27 o R
CERIFEFDORF 0 URC A A QREFIPFABE  HAkG
AT R AR A 0 R A Foaxk S Q) ek A
EG T B HBE (DR B E CEEES H T o
BU R FAR e B2 RE o MR M SRR TR A o A 2
2o PG ERF RO FTRMFRBHEES A AL
SRR & A R s g § Rk gt
B hoie 2475 2 AR iR g o Tk—k— 1%k et B o 2 ¥ Webb[27]
51994 & 7 MenPEC 2 A » A R F A4 50

1. FG iz P|(fixed geometry) : i * *> & b ff & ¢ £ F i 2 o

2. EN ;= p](fixed number of tubes grometry criteria) : if * *T# &

MEE > feg &7 ceFRgit
3. VG ;£ Pj(variable geometry criteria) : if * 3t #vig § F 7> e E
Blp &2 ER oo

© SRR T e(h) o 1R AL SR R e (W) 5

h=c, ,PrejG (4-28)
W = AP xV {EE][%} (4-29)
A2p0 )\ p

FAMA B e A i O B @ R
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A _J AG
href Aef ref A’ef G

wo_f A{Gj (430)

(4-30)

‘fllq'l’ GG ,‘;L,-l-ﬁ};\:glq a'\:“lg
ref
hA o
href Aef _ jref

(4-32)

ﬂ 13 i 213 T L 1/3
Wref Aef fref

7 (4-32) & {2 =1 0P > 423 (Object Equation) » &i& i

hA A P
R R . . » ¥ 423k FG 2 B ~ FN
href A’ef Aef Pref

i Rl VG 2 B eng K82 P eoig * gt > q250 o A F % PEC e 2
-4 2 k3t - 2 42[3] 0 % 261 F 2 £ 7-1 ¢ hVG-132 qur
FG-3 /2R o # ¢ VG-1:2p» EaFz: FRIF - HBE - v

BA 1R HE R T (rinr R T SERS RR E ES A
7 FG-3 2 Bl » PIE& ARG o A BE S ELEHRT - FHE K

Fp et g ches o Lwminh BdeT

(@) VG-1 ;2 p
é‘ VG_l /2{ E’J ﬁj%’; ]l\\’-‘l ’ Q/Qplate l;;i‘a\N/\/Vplate {I},‘] i‘:’ﬁ ’ 5\" TFB f% *
FRAl B 5B B hEF 2T LR B B g
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fiod Q/Qu =1 A A =18WMW, =155 4-32)7 #§

4o
_hA o o
h IaeA late J late 1 J late
pl/ta = 23 - e 23 = 13
w A, sgilag Ll A t
Wplate Aplate f plate Aplate f plate

13 . b y2 , . 3/2
—4 A\N & f .Jp-la e - f (Jp-laje
Aplate 1:pla e .l fpla e J

(4-33)
g AR W/MW =105 5 b 4458 3 (4-33) &~ 585 (4-31) 0 7 1

=3

3 /2 , . 3/2 3

1= f ) A\N . G < f : f (Jplatej G

fplate Aplate Gplate 1:plate 1:plate J Gplate
1/2
— G ZL ] d fplate} (4 34)
Gplate jplate f

Bt Rl e oG P E R RIEE 2 8 T AR TR S PR T
g

LE RO R R R B FTOVGL i g
FREFROE e E D A R E R Y ATOR BN A G
1T (T BT s (ABARRE T e T B
U434 - R RPERA RS - I FEET R - Sl

Woog 2o 2% VG112 R g Ro
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(b)FG-3 i Bl

& FG-3hg £7 » B2 3 Behg ff ] LATH> 7 Q/Q,,, &
AT JAT o RF R & % 37308 B3 58 £ L 3 Behp ch 0K 27 1
R CERS S TWW,, <l 2BRF LD IR ARE
£ 490 d 0 BR Q/Qu. =1~ hAh AL =18 A/A =1

?ﬁ?f“-lir'—f :

s B 5% 3 (4-30)

1:plate (Gc,plate fplate J
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Bl4-7 o9 p=2B (2 2RERE)
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Thermal Couple JEJE

Bl 4-8 » v st o 4 (3x3)
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Thermal Couple JEE
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Bl 4-12 41 v = e o 5 (4/5)
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