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[ There are no foolish questions and no man becomes
a fool until he has stopped asking questionso

. Charles P. Steinmetz quotes (Prussian Engineer and Inventor,
1865-1923)
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Z £ i e /b .
5 n (absolute) - e d
& m N Air-cooled 500 bar 600 °C AYUDN 5~350mM( VYeé MiviaYu€ v
( ) ( ) w ¢ a)lYKvia. w
al
KOdan i 16~25 bar | -25~ 200°C. n nd 1 ~to 1200 m2 o . YNo
Wy Z7% Yvi
40 bar)
Ex¢l ngWn g 1 bar ~ 600°C. n o 5 i Wo via H DN
A 1AW
‘ES
1 N 300 bar ( 1100 to 600°C AYOUDN 0.25 ~ 200 rhper High thermal efficiency, standard
) (va , DN w uniti multiple units | modular construction.
1400 bar |1 KB ) are often used.
C ).
f Heatpipe ~ 1 bar a v Low pressure 100 ~ 1000 m2. K . 2> oYM d K
200°CY T KV |Qases. v F A
©oa Bl
W YLIWD
M
a 0 100 bar 1273~150°C ( Low fouling. f U | Very small possible. Incorporatiot
Platefin . ) C) 9 m3 of multiple streams. Very large
200 bar ~ 600°C surface area per unit volume. DT
(N ) (n )
a n Printedcircuit 1000 bar 800°C Low fouling 1 to 1000 m2 Very large surface area per unit
n ) volume. Stainless steel or higher
alloys normal construction
material.
g ” n Rotary egenerators | ~ 1 bar 980°C. Low pressured Inter-stream leakage must be
gases. tolerated
N Shelltandtube 300 bar 125~ 600°C ¢ AYOUDN 10 to 1000 m2 (per | Very adaptal® and can be used f
( ). n . DNK w shelli multiple shells| nearly all applications.
1400 bar Wy Ba HB can be used).
€ ) A <)
n 18 bar ~ 400°C Subject only to ~ 200 m2. High heat transfer efficiency.
Spiral materials of Cylindrical geometry useful as
construction. integral part of distillatiortower.
Often used for
fouling duties.
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15.88,
19.05 25.4 mm
19.05 mm
6.35 mm
250~1200
0.9~24m/s (3~ 8 ft/s,
) 0.6~1.5m/s (2~5 ft/s)

(P/d, pitch ratio)
1.25~2.0
1.25 (P,- d,)
1/8 (3.175 mm)
1/4 (6.35 mm)
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dia. (

1/5~1 shell dia.
2/5~1/2 shell dia.
2 In. or 1/5 shell

10
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Plate Baffle Example

¥ 5
RSittoial o Turg Universi R O d b affl e

Positive Four Point Containment

Uniform Flow Pattern

gWInIN Ny
ALRLT

RODbatfle

Flow Reversal Pattern

Rod Baffle Example

LA

Plate-Baffle
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Intensified heat transfer techniques

Shellside:

U Helical Baffles®, which reduce the
number of dead spots created by
segmented baffle design, where no
heat transfer occurs between the
tube-side and shellside fluids

U EM Baffles®, which employs
expanded metal baffles (tube
supports) made of plate material
that has been slit and expanded.
The open structure allows a
longitudinal flow pattern and results

A Major Advancea in

Iﬂ |OW€I‘ hydraU|IC I’eSIStanCG, SO Heat Exchanger Technology
that flow induced tube vibration will

not occur.
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[fipingement baffle :

Inlet nozzle

' T

Y

|mpingf?ment |
baffle e v
N /—-———w\ J A

Baffie too big

Good baffle design Bafle too close

e inlet nozzle. (From Bell, 1998.)

FIGURE 10.2 Impingement baffles at the shell-sid


http://www.nctu.edu.tw/

¢ E shell et
) Shell Type leec! ubesheet and U-Tube Bundles

Floating Head Bundles

TEMAE

(effectiveness, why?) e

jinnnim

CEm D
& F shell (longitudinal baffle) _—_ jr=st e
(why?) o

¢ G & H shell : DP o I i D I nGNETD

phase -
change o

¢ Jshell Eshell 18 [

¢ X shell (
trots fow |
)

FIGURE 10.3 Shell-side flow arrangement for various shell types (Courtesy of Heat Transfer

Research, Inc., College Station, Texas).


http://www.nctu.edu.tw/

@a;i g

Neartional Chino T1m_g Unwm's:r_;

Need to increase heat transfer

Increase heat

l

Increase surface area

transfer coefficient
{ ]
[ | [ | !
Tube side Shell side Increase Increase shell Employ
tube leneth diameter with multiple shells
Increase number Decrease the appropriate 1n Seres or
: number of parallel
of tubes, baffle spacing or nibes
decrease tube baffle cut
outside diameter Increase Fore
Use counterflow configurations
Use multinle shells configuration
Need to reduce pressure drop
Tube side Shell side
] | | I
Increase Increase Increase Use double
Decrease Increase Decrease tube the baffle the baffle  tube pitch or triple
number of  tube length and cut spacing segmental
tube diameter increase shell baffles
passes diameter and
number of
tubes

FIGURE 10.10 Influence of various geometrical parameters of a shell-and-tube exchanger on
heat transfer and pressure drop.

17
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¢ Shell < 100 mm

S

S

bypass loss)

( Leakage &

Guideline (ESDU 92013).
25%
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¢ Highly flexible (

S
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&

), sealing may be a
problem.

Maximum
temperature/pressure
constraints.
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. Cross flow
effectiveness

“ Cooling
tower

& Induced dratft

fan

¢ A-frame Steam
condensation

.

. 1 In.

with 2 in. wound fins. FIn
pitch ~ 11 fins/in.

4 2~ 5 m/s.
¢ Row number: 3~8.
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¢ F - Method
¢ Effectiveness Method

Get Q/DT,,

21
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TABLE 2.2 I' & ¢ VALUES FOR SHELL-AND-TUBE HEAT EXCHANGEERS (courtssy of Jebmson Humt Led)

Hat Sidie Fhuid
. s D I Low Ivi=diom High Process Low High Condensimg | Condsnsing Condensing
CVAT {o}l_..m‘.-j..e % | Presame Pressure Prassure Water Viscosity | Viscosity | Steam Hydrocarbon | Hydrocarbon
- Gas Gas Gas Orgamic | Liguid with
WD { =1 har) | (20%ar) {150 bar) Limquid Inert (Gas
Low Presaure U{W/m? E) 53 a3 130 102 Lo 63 107 100 34
Gas{ <1 har C (ETRVED) 3T 502 5.5 483 204 5350 4487 485 511
Mednm Presame UWim' K) a3 300 35 219 375 130 330 ias 244
Gas (20 bar) C (ETWED) 302 418 481 403 40 476 g3 407 4128
High Pressume U(Wim® K) 120 330 Eli] 00 250 200 &0 400 300
Gas (150 bar) O (EIWIED) 351 411 G215 435 438 5350 436 482 481
Trearzd Coaling Wi ) 105 434 500 EE 714 142 1507 T4 345
1000 Water € (EWIED) 489 ERL 434 3.77 385 450 361 3.3 412
Low Viscosify U(Wim? ) @ 375 430 500 50 130 g8 i 185
COmeamic Liquid O (EWED) 486 408 438 igl 397 447 gl igs 420
Hizh Viscosity UWim® K) 43 138 200 181 153 3 173 155 214
Liguid C (EWIED) 339 411 550 444 431 516 441 4350 433
Bilins Water UWim® ) 105 267 530 B75 §77 14] 1432 T2 3315
C (EIWIED) 489 ica 481 ima 387 450 I s 413
Boiling Crzanic U(Wim® K) ag 373 430 00 5040 130 g8 M 285
Liguid € (EWE) 4584 409 438 igl 397 447 g igs 4. 20
Low Pressure U(Wim? E) 53 a3 130 102 Lo 63 107 100 34
Gas( «1 b € (EWIED) 111 1.63 136 1.58 1.33 185 155 159 168
Mednm Presams U{W/m? K a3 300 350 418 375 130 330 iae 244
Gas (10 bar) C CETRVED) 1.63 1 189 1.02 1.05 148 0Lg L5 118
High Pressure UWim® K) 120 350 =00 00 250 200 &0 400 3
Gas (150 bar) C (EWIED) 224 139 225 1.10 145 183 1.10 145 145
Treared Coaling U(Wim? K) 105 =84 $00 38 120 142 1507 T4 345
5 000 Water € (EW/E) L5 1.0 1.10 0.8 0.91 141 0.83 0.0 107
Low Viscosify U(Wim® K) g 373 430 00 5040 130 g8 M 285
Cmeamic Liquid € (EWE) | I 105 144 QL5 0.9 146 0.9 08g 113
High Viscosiry UiWim K) 43 138 200 161 153 5 173 153 14
Limquid C (ETWED) 186 143 163 136 138 171 132 137 148
Bilinz U(Wim® K) 105 267 530 873 677 140 1432 T2 335
TWater C (EWIED) 1.36 1.00 120 0.8 0.93 141 0.84 0l 1.08
Buailing Crzanic UWim® K) a4 375 43 00 5i0e) 130 El8 iM 185
Liguid O (EIWIED) | 1.05 146 0Ls 0.5 146 089 0og 113
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TABLE 2.3 I & CVALUES FOR DUBLE-FIFE HEAT EXCHANGERS( Courtesy Brown Finnube Lid)

Hot 5ide Fioid
- . o , Low Medim  |Hizh Process Low High Condensing | Condensing | Condensing
QAT "ﬂFl':_u.ﬁédE Pressmre | Pressure | Pressume Water Tscosity lumsln Sieam H:.':'rn:ca:mn [-I'r:ru-:utrm
(raz Gas (Gas HBydrocarbon H}-:I.n:c.a::rnu with
(FE) [ <1 bar) |(20har) (150 har) Liguid Liquid Inert Gas
Low Pressure L7 (Wim? E) 55 g5 125 105 100 b5 110 100 5]
Gas{ =1 Tbar) O (ENAVED) 48 £ 19 ik £ 4.7 28 EF: in
Medium Presmurs I (Wim® E) L] 300 350 30 375 120 330 300 M40
Gas (20 bar) CEWED 34 15 19 15 5 24 15 13 a3
Hizh Presame [me 1H 350 400 500 400 150 &00 420 350
Gaz {150 bar) ' Ef__ W ] in 14 la 14 14 10 1o 0 a0
Treaied Cooling Uiwm? 105 43- 5 ] 715 145 1510 745 M5
000 Water o Eﬂ L"IF':' 28 15 14 15 15 23 25 ig 25
’ Low Viscosity Ir{Wim? ) 108 375 415 600 500 130 20 525 0
Hydrocarbon Liqwid | ¢ (20 ED a3 15 29 15 35 25 15 15 25
Hizh Viscesiy I (Wim® E) T 140 175 160 155 B3 175 155 125
Hydrocarbon Liqud | ¢ (£/0W0E) 47 15 19 15 15 ER 25 15 a3
Bailing Water U (Wim® E) 105 470 550 875 670 140 1435 725 340
C (£ :11'}:.:. in 15 la 15 15 23 25 15 25
Bailing Creanic Uiwm? 10 375 430 600 500 130 20 525 285
Liquid o E:—_. W-_F':' 4 15 14 15 15 23 25 15 25
Low Pressure Lr{Wim? ) 55 05 115 105 100 5 110 100 85
Gas{ =1 har) C (ENWEY) 215 126 1.1 133 1Ln 184 1.23 112 £
Medium Preszurs Uiwm® K 05 300 350 430 375 130 330 300 M40
Gas (20 bar) C (£/WED) 15 026 | 076 LR 116 0.6 0.8 0.04
Hizh Presaue I (Wim® E) 140 350 400 500 400 15 GO0 430 350
Gaz (150 bar) O EWED 205 L1 1.1 1 11 13 1 11 12
Treated Cooling m 105 43+ 500 o0 715 145 1510 743 M5
000 Water o Eﬁ W i 14 0.75 | 0.5 0.72 1 0.4 07 e
. Low Viscosity [iwmd K 10 375 415 600 500 130 &0 525 280
Hydrocarbaon Liquid | o Eﬂ :11-};,:, 145 0.8 103 0.8 ha 11 0.3 Y 12
Hizh Viscosty Ir{Wim? ) T 1440 175 150 155 ] 175 155 135
Hydrecarbon Liqusd | ¢ (£ ED) 14 156 12 085 | 27 082 L6 1.95
Bailing I (Wim® E) 105 470 550 875 670 140 1435 725 340
Water O (ENAVED) 14 09 1 0.5 0uh 11 0.4 073 09
Bailing Crganic L (Wim® E) 104 375 430 600 500 130 g0 525 285
Liquid C (ENWED) 145 0.8 1.03 R ha 138 0.7 1 L1
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_ Het Side Liqmd
OFAT
WD) Cold Side Liqud Parameter Water Amqueous Inorgame Orgamie Liqud
Lyquud
5000 Wiater U (Wim?® K) 5500 3500 1750
C (ENWED 0.160 0.130 to 0.170 0.140 to 0.190
Agueous Incrganic L f'il"-'mz K} 3500 1730 1250
Ligmd CECWEYR | 0.130t0 0,170 0.190 0.160 to 0.210
EEE“ U (Wim® E) 1750 1250 1150
: CEENWEY | 0,140 to 0,190 0.160 to 0.210 0.220
10000 [ Water L7 If'i.i.-"-'r:rl2 E) 3300 3500 1850
C (ENWED 0.1 0.1 0.11
Agueous Inorganic Ly If'?.i.."-'r:lil2 K) 3500 2200 1400
Ligmd C (EWE) 0.1 0.1 0.13
Chrgamc U (Wim?® K) 1850 1400 1150
Ligmd C (EWE) 011 0.13 0.15
50000 | 'Water 7 (Wim? K) 5500 3500 1850
C (ENWED 0.025 0,025 to 0.035 0.035
Aoqueous Incrgamc L7 If'?.i.."-'r:lil2 K} 3500 3300 1400
Ligmd CEWEYR | 0,025 to 00035 0.035 0.055
Orgamc L7 If'i.i.-"-'r:rl2 E) 1850 14400 1150
Ligmd C (EWE) 0.035 0.055 0.065
100000 | Water L7 If'i.i.-"-'r:rl2 E) 3300 3500 1850
C (ENWED) 0.025 0.035 0.045
Aoqueous Incrgamc L7 If'?.i.."-'r:lil2 K} 3500 3300 1400
Ligmd C (ENWED) 0.035 0,035 0.055
Orgamc L7 If'i.i.-"-'r:rl2 E) 1850 14400 1150
Ligmd C (ENWED) 0.045 0.055 0.065

24
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TABLE 2.5 U & C VALUES FOE. PREINTED-CTRCUTT HEAT EXCHANGERS (cournesy Heatric Lid)

B¢ Side Fhuid
: Low Medinm | High F0percemt | Condensimg | Low Medium Hizh Condensing
QAT Cold Side Parametsl | Pressre | Pressure | Pressure | Triethylens | Hydmocarbon |Viscosity |WViscosity | Viscosity | Steam
Fhaid Gas Gas Gas Girycol Water Liqxid Liguid Fhiid

(WE) (<] bar) |{20ba) | (150 bar) (<1 cBy |(lto5c®) |(20ch
Low Bressure Wi &) 198 331 357 360 138 EET: 310 138 ERf
Gazs (=1 bar) CEWED) 12 12 12 12 12 12 12 12 12
Medim Presoare Gas | UT(Wim* ) 33l lo2a 1324 1506 1020 1304 845 438 16665
(20 har) C (& WED) 12 12 12 12 12 12 12 12 12
High Pressure U{Wim* ) 357 134 1835 1234 1427 1815 1034 508 1505
Gas (150 har) C (& WIED) 12 12 12 12 12 12 12 12 12
30 per cent Inetvlens | U (wiod k) ETE) 1506 134 T THT 1176 1141 EEE] 4
Glyool’ Water CETWED 12 12 12 12 12 12 12 12 12

1000 | Beiling Oreanic U Wi K i B3l 1168 1307 [T s ] 238 1475
Liguid CEWED 12 12 12 12 12 12 12 12 12
Low Viscosry Wi &) 356 1304 1815 176 1404 1778 1021 5] 536
Liguid (=1 M CEWED 12 12 12 12 12 12 12 12 12
Medim Viscosity U{Wim* ) 310 843 1034 1141 T 1021 718 417 1231
Licuid (1 to 5 cF) C (& WED) 12 12 12 12 12 12 12 12 12
High Viscosity U{Wim* ) 136 458 508 333 470 503 417 104 531
Lirid (20 cP) C (& WIED) 12 12 12 12 12 12 12 12 12
Treated Cooling U Wi’ K 376 1621 04 3230 7R MM 1206 547 4068
Waner CEWE) 12 12 12 12 12 12 12 12 12
Low Bressure U (Wim® K 198 331 357 360 138 356 310 ET ER
Gaz { =1 bar) CEWED 52 36 4 16 Y X 36 43 EX
Medim Preszare Gas | U (WinE K 331 1038 1524 1506 1080 1502 FEE] ] 1568
(20 bar) CEWED) 35 14 13 14 14 14 14 13 14
High Pressure U{Wim* ) 357 134 1835 1234 1427 1815 1034 508 1505
Gasz (150 har) C (& WED) 40 148 E 148 18 1% 18 1% 18
30 per cent Tristhylene | UT(Wim* ) 3450 1506 134 IR0 1541 2176 1141 333 3414
Glyool Water CETWED 35 14 1% 14 14 14 14 24 14

3 000 Boiling Orgamic U (Wim® K i 232 168 1307 [T 1 778 238 1475

Liguid CEWE) 35 14 13 14 14 14 14 17 14
Low Viscosity U (Wim® K 356 1304 181§ 1176 1404 1778 1021 503 516
Liguid [ <1 ¢ CEWED) 35 14 13 14 14 14 14 14 14
Medim Viscosity Wi &) ENTH) B3 1052 [ET] T 1001 fIT 7 1231
Licuid (1 to 5 cP) C (& WED) 34 14 18 14 14 24 14 27 24
High Viscosity U{Wim* ) 136 458 30e 333 470 503 417 204 531
Licuid (20 cF) CEWED 48 16 1% 14 16 24 17 2% 24
Treated Cooling UWim' ) T 1621 T 3730 1778 MM 1206 7 4068
Water CETWED 35 14 1% 14 14 14 14 14 14

25
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TABLE 2.4 I"& CVALUES FOR PLATE-FIN HEAT EXCHANGERS (coumtesy Marston Palmer Lid)
(Eey: WA - Mot Applicabls; IWUS - Mot Conmon)

Haot Side Fhaid
Lo Medium | High Process Low High Condemsing | Coodemsing | Comdensins
{WAT Cald 9'-'3'3 Parametsr | prasoyre  |Pressure | Pressure | Water Viscosity Wiscosity Sinam Hydmecarbon | Hydrocarbon
Fluid Gas Gas Gas I-h-:lm-:nrt-ur_ Hrdrocathon with Inent
(WK (=1 bar) [(20bar) |(150bar) id Ligquid Gas
Low Pressure L (Wi ) 163 217 A MHA 154 NUS NUS 7 NS
Gas (<1 har) C(ETW/ED) 310 ER ] £ 1] ER L]
Medium: Pressure W' K) 315 ET N NUS 402 HUS
Gas (20 bar) CETWE) ER ] ER 1] ER L]
Hizh Pressurs U’ K) HA HNaA WA A M
Gas (150 bar) C(ETWE))
Treated Cooling Uim Ky 401 NUS NUS WUS HUS
5 000 Water CETWE]) ER ]
Low Viscosity U K) WS NUS NUS WUS HUS
Hydrocarbon Liquid | C(£{W/E)
High Viscosity U K) WIS NUS WNU3 WUS HUS
Hydrocarbon Liquid | CifiW/E)
Boiling U K) HA HNA HaA WA A HaA
water CETWE])
Baoiling U(Wim* K) a7 40 453 NUS 530 NS
Hydrocarbon C(ETW/ED) 310 ER ] £ 1] ER L]
Low Preszure U’ K) 163 217 X NS ] HUS
Gas (=1 tar) CETWE]) 157 1.55 155 1.55
Madivm Prassure U K) 217 315 i NUS 402 HUS
Gas (20 bar) C(ETWE)) 1.55 1.55 1.55 1.55
Hizh Pressure U K) HA HA HA WA HA HA
Gas (150 bar) CETWE])
Treared Cooling U K) 315 401 NUS NUS WS HUS
10 000 Water CETWE]) 155 1.55

Low Viscosity L (Wi ) NS NUS NUS WS NS
Hydrocarbon Liquid | CifiW/E)
High Viscosity W' K) NS NUS NUS HWUS HUS
Hydrocarbon Liquid | C(£{W/E)
Baoiling U(Wim* K) HA HA WA A HaA
witer C(ETWE])
Baoiling U K) T 402 453 NUS 530 HUS
Hydrocarban CETWE]) 155 1.55 155 1.55
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TAEBLE 88 [I'& C VALUES FOE. WELDED-FLATE HEAT EXCHANGERS (courtesy Johrson Hont Lid)

Hot-side Fluid
Low Mediom | High Process Low High Condenzing | Condensing | Condenszins
(AT Cold Side Parameter | Dressure |Pressure | Pressure | Water Viscosity | Viscosity Sipam Hydmocarbon | Hydrocarbon
Fhuid Gas Gas a3 Crrpanic Ligquid with
WE) (<1 bar) |(20bar) (150 bar) Liquid Inent Gas
Low Pressre U(Wim' E) 18 10§ WA 10 153 11 143 215 120
Gas | «1 har) C (EWE)) B1 B0 48 57 54 47 40 5.8
Mledim Pressure U K) 103 254 WA 31 308 m 1021 708 ]
Gas (200 bar) O (EWE)) B1 7 48 48 5.7 40 37 4 36
Hizh Pressure Ui E) HA HA WA MA HA WA HA HA HA
Gas {130 bar)  (EWED))
Treated Cooling Ui E) 158 344 WA 1328 IR0 138 1730 51 400
1000 Waner C (EWE)) 54 49 37 41 44 i5 e 493
Low Viscosity (W K) 143 287 WA 343 334 153 1085 701 ]
Crrzamic Ligoid C (EWE)) 51 5.6 41 ER| 34 i 37 436
Hizh Viscosity U (Wi K) 103 128 HA 15 m 157 363 in 0
Liquid  (EWED)) b1 50 41 44 5 ERY 41 491
Baoiling Ui K) 170 35 NA 1400 300 150 1804 RO 1]
Water O (EWE)) 3 459 3.60 3 431 i5 e 4 36
Bailing Drgamic UWmt K) 150 300 MA 1000 400 2] 1204 &0 400
Liquid C (EWE)) 350 5 3B0 403 444 im 43§ 493
Low Pressure U{Wm* K) 17 114 NA 220 158 112 43 2345 190
Gas | «1 har) O (EWE)) 402 34 14 174 1% 44 1.02 128
Mledinm Pressure U{Wm* K) 10& G146 NA 1123 1110 35 1404 17 440
Gas (20 bar)  (EWED)) 35 15 1.18 113 193 1.02 13 128
Hizh Pressurs U (W K HA HA WA MA HA HA HA HA HA
Gas (130 bar) C (EWIE))
Treared Cooling Ui K) 215 1157 MA 4152 1551 434 3RA0 1372 ]
5 000 Water C (EWE)) 154 1 074 1.0 151 0.7 0o 11
Low Viscosity (W' K) 140 a7s A 1650 1502 512 1576 1351 ]
Cirzamic Ligoid  (EWED)) b4 e 0.g3 0.7 .| 07E Q.92 11
Hizh Viscosity Ui K) 131 i WA 411 400 42 421 434 300
Liqusd O (EWE)) 28 L 13 18 104 124 1.34 1456
Baoiling U(Wi' K) 185 1000 WA 4300 2000 K] 40 1200 350
Water C (EWE)) 28 1.28 0,78 058 1.04 075 1.18 135
Baoiling Dreamic U K) 155 B HA 000 150 500 1500 ] 450
Liquid C (EWE)) 165 148 .70 080 25 07e 138 151
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Selection of Double-pipe Heat Exchanger

A heat exchanger 15 requared for the cooling of a hugh viscosity oil with a specific heat of 2 kJkg K flowing
at a rate of 0.3 kg/s and at a pressure of 30 bar (3.0 MPa). The o1l enters the exchanger at 70°C and leaves
at 30°C. It 15 cooled by water flowing at 2 kg's and entening at 20°C. The specific heat capacity of water
15 4.2 klkg K The o1l stream 15 subject to moderate fouling. Evaluate the alternative heat exchangers for
this duty and select between the feasible types on the basis of cost estimated from Tables 9.2 to 9.5.
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Solution. For this case, the pressure 15 too lugh for a gasketed-plate exchanger, and the plate-fin
welded-plate and printed-circut heat exchangers are eliminated on the grounds of fouling. The options
considered are the shell-and-tube and double-pipe heat exchangers. The heat load, {0, 15 given by:

0 = My, 4(Ty ;=T o) = 0320107 x (70-30) = 40 000 W.
The water outlet temperature is given by:

€ _ 90+ 2000 _ 5ygec

’ e
Mce, . 2 %42 % 10

Assuming that the shell-and-tube exchanger is multi-pass (the most widely used) then the value of O/AT -
15 calculated using the procedure given m Section §. The values of E and R are calculated as follows

(Equation (6.7)):

(r, . —-T_ _}°

&, in c, in

The oil has the larger value of (T, —T_ ) and thus:

_ (70 =30y _

The values of Mc p are calculated for the o1l and for the water as follows:

(Me,),; = 05x20 = 10 kWK

(Mey) e = 20 %42 = 84 KWK
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The value of R 15 then esimated from Equation (6.9):

M-:' IB
R = P smaller _ ;—'3 = 0.1190.
f.UI‘P]';m B

Reading off from Figure 21, the value of N, comresponding to these values of E and R1s 1.86. Thus, from
Equation (610},

E'II&TI'H = {MI:P:IEMIW TL

= 1000 = 1.86 = 1860 W/EK.

The flows in double-pipe exchangers are normally countercurrent. Thus AT, = AT, . The logarithmic
mean temperature difference 1s first calculated from Equation (6.1) as fellows:

AT, = |[I.l1,z'rz_Iq::w.r}_frk.am_z-r,z’rz”
Jm log, HT.H: n Ir.&m}'ll{z_h:&m_ Ir:.fn”
[(70 —24.8) - (30-20)] _ 1333 K

" log, [(70 — 24.8)/(30 - 20)]
Since AT, = AT, for the double-pipe exchanger, it follows that

QIAT, = QIAT, 4;3;3?; = 1715 WK.
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To estimate costs of these altemative designs, the C-value tables Tables 9.2 and 9.3 are used. Suppose there
15 a value O at (O/AT o)1 A0d a value C, at (O/AT_ ), ; the C value for the calculated (O/AT ) 15 given
by logarithmic mterpolation and 15 as follows:

log, (C,/C,)log, [(Q/AT_)(QIAT, ), ]}

C = expqlog, C, +
{ ! log, (Q/AT_ ) /(Q/AT_),

For the shell-and-tube heat exchanger from Table 9.2 (for “Treated Cooling Water™ and “High Viscosity
Flnd™ as the cold and hot side fluds, respectively) C; =459 at (O/AT,), and C, =141 at
(Q/AT, ), = 5000. Thus for O/AT_ = 1800 the value nfllfls. aiven by

o= Exp[lnge 450 + log {4.:9.-141;.1&&{15@:1%}}]

log, (1000/5000)
= 2012 £{(WEK).
Similarly, for the double-pipe exchanger, the values C; = 2.5 at (Q/AT, ), = 1000 and C, =10 at

(Q/AT,), = 3000 are read from Table 5.3. Here, the C value for O fiT = 1713 1s calculated by

lnga.nﬂ:l.nuc mterpolation as 1.839 £/{W/E) . Thus, the costs of the two Eschangers- at 1992 prices are as
follows:

Shell-and-tube: Cost = ('« Q.-'i'ul'm = 2912x1860 = c. £3400
Double-pipe: Cost = Ux Q.-'ﬂal'm = 1.839x1715 =¢c £3200.

31

Thus, the double-pipe exchanger is likely to be the best option for this small. high pressure duty where

modular construction procedures are a positive cost advantage.
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(louver)

WhICh IS better?

YL
convex
louver

32
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©
Intensified heat transfer techniques

Tube-side:

U Twisted-tape inserts which cause
spiral flow along the tube length
to increase turbulence

U Coiled wire inserts which consist YT EEARC R TR EEALELLE
of a helical coiled spring and

function as nonintegral roughness

U hiTRAN ®, which consist of a wire
mesh with different densities. They
are usually used to improve the heat
transfer coefficient for the laminar
regime
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“
¢ Temperature range

S
S
S

I N o

f A A/ (QEGAR)

Maximum Pressure

Fluids limitation

Size range available
~ouling & cleanabillity
Plot area available
Design life

_ocation (maintenance)

s there a fitemperature cross?o. If so, HX
approaches counter flow Is more appropriate



http://www.nctu.edu.tw/

35


http://www.nctu.edu.tw/

O
™



http://www.nctu.edu.tw/

__'_ Az 28 KLY

. Neartional Chino T1m_g Umwrrs:r_;

. 2V €
&1 . 1 KpXi eun B
'
e e
| |
| |
| [}
| [}
| [}
| [}
| [}
| [}
| [}
| ! mooy
| |
| | I
. . Tair1
NTU — I
Tair.z a,
—_— HHHHHHHHHHHHHHTHM\ A
el HHHHHHHHHHHHEHHHHHH
a|r4
— T T T T T @ 1
Tair,5
— I
\ Tair,6 /'
S HIVH Y HHHHHHHHH P
Tair7
-— ORI
Tairg
~— [N
Tair,9
1| Eod XK @y

‘ES =Y’ '|'|'Y/ e>yn
N Frt M


http://www.nctu.edu.tw/

B 2 38 ~ Y

| Neartional Chino T1m_g Unhw'sir_r;

1 >DP



http://www.nctu.edu.tw/

Airsdie

39


http://www.nctu.edu.tw/

PHzsARY  Some common ways

for augmentation
More Surface Area

Thermal Boundary Layer Restart
Instabllity

Thermal Wake Management
Swirl flow
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Concept of Interrupted
surfaces

Boundary restart & Mixing

Plain fin - continuous fin Interrupted surface

|\ 1 C— C—_— L1
Performance Performance@ — ——

\ e LAl

NN
T

— = X — mw X



http://www.nctu.edu.tw/

82 3 ~4¢ Various kinds of improvements
- Implementations
¢ Plate fin heat sink featuring heat transfer improvement by
Increasing heat dissipating surface. Generally, smaller fin
spacing is used to accommodate more fin surface.

Fin spacing can be lower than 1 mm

¢ Heat sink with interrupted fin geometry which improves
convective heat transfer coefficient via periodical renewal
of boundary layer such as slit or louver fin.

louver fin * it fin
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Various Fin Patterns
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terrupted surfaces..

& Provide effective heat transfer
augmentations at medium and high
velocity with significant pressure drop
penalty.

& Nearly ineffective at low velocity but still
suffer from considerable pressure drop.

. Duct flow effect.
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SCHEMATIC OF DUCT FLOW VS. FIN -DIRECTED
FLOW FOR LOUVER FIN GEOMETRY AT SMALLER AND
LARGER FLOW VELOCITIES. (Yang et al. IJHMT, 2007)

-

=

Ik

A obouver directed vs. fin directed

2OV
h9/@/' >O% @/&\Q%\\%\%
h9/@/' >O% @/é\%%\\%%
f?/@/@@’@/&%%\\%\%
h9/@/' >% @/b\iw\\%\%
h?/@/' >% @/b\%%\\%\%
SOOI


http://www.nctu.edu.tw/

¢ Smaller fin
spacing
accentuates the
duct flow effect,
resulting In fully -
developed flow
and deteriorate
the heat transfer
performance.

Interrupted surfaces..

10°

10°

@Louver fin F,= 0.8 mm

P

O

e 8

OO @

&

OPlate fin F,=0.8 mm OSlitfin F = 0.8 mm

AlouverfinF,=1.65mm  APlate fin F,=1.65mm  ASlitfin F,= 1.65 mm
Louver fin F,=2.43mm  JkPlate fin F,=2.43mm  JSlitfin F = 2.43 mm

10°

10"
X"=(L/D,)/(RegPr)

INVERSE GRAETZ NUUMBER NUMBER X *VS.|] FOR
LOUVER. SLIT AND PLATE FIN. (Yanqg et al.. IJHMT. 2007)

10°
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Type of vortex generators

Longitudinal vortex outperforms the
transverse vortex

Eectangular Wing Iote
‘[ \ Longitudinal Vortices

4’ - ;("" i
.'?..# = 4
Lt : ;
b
"

Channel wall __ Rib fin
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VO rtex
generator

/

A Prevent —
Boundary Layer /
separation S

A Improve heat e v genetn
transfer
performance
with acceptable
pressure drop

delta-winglet
vortex
generator

R Ivergen '-'.'-'tsg\,gh _
Z — 7
N e Gl\
g /

e
vor enerators
Flow induced

ONG&F cores
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Int. J. of Heat and Mass TransfeVol. 45, pp. 19331944.
Int. J. of Heat and Mass TransfeVol. 45, pp. 38033815.
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1. Place the enhancement
at low heat transfer
region.

2. Check the effective local
temperature difference.
Placing enhancements at
those having lower
temperature difference
are generally more
effective.

® T

4709753 ‘

(c)
=>
5697432

‘De3|gn by Non- unlformlty

(€)

5117902"
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Az 28 A% \ortex Generators..
B - Implementations
Type IlI: Heat sink with dense vortex generator. The enhancements
iIntroduce swirl flow, Coanda deflection flow or
‘ destabilized flow field from vortex generators or
f dimple/protrusion structure. The general arrangement is
B ® B using inline or staggered layout such as semi-circular,
e delta and dimple vortex generator. P

Type IV: Heat sink with loose vortex generator: The enhancements
of this category are still vortex generators or dimple/protrusion
structure but with sparse arrangement of vortex generator.
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H eat sin k Nomenclature Side view Dimension Photos of test sample

(a) Plate : | | : :
(b) Delta VG

(c) Delta | e
VG+Plate .

(d) Semi % s
circular VG

(e) Triangular T I -y ) VA A
VG S K W (&

(f) Triangular si222 227 || w| [222 222 |
o - o = ;\ 2\,
Attack VG -

(g) Dimple VG |
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(h) Two Groups

F
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e ey, e
Dimple VG B¢ —
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The original concept of Using dimple..

Main flow W

Main n'- _
g Upwash flow

(b) Protrusion

d=2.0 mm D =3.05mr

ADrag reduction
ALongitudinal Vortices
Aln this study, fin thickness is 0.2 mm,

Athe length of cavity is 2 mm, effective cavity depth is 0.3 mn¥°

d: = 0.2 mm
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Performance comparison

FIn s
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An extra problem for some VG
& Interrupted surfaces

t11111 g
Cavity
A A A A A A D 1
AR | AR M
trtTr Y
Heat source Heat source

Very small fin spacing also jeopardize the
formation of LVG
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L

Cannelure
channel
Depth: 0.1 mm
Width: 0.4 mm

plate fin

e e |

(oblique dimple gap 4.2 fin)

k=N

cannelureif Il

(obligue dimple gap 4.2 cannelure fin )
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The original iIdea

for oblique
¢ Concavity + Dimple dimple
¢ Lengthen the flow path N

& No need for significant amount dimples
. Reduce the number of dimples to decrease
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The idea of cannelure
channels..

ks AC
® |5 = 20
§ I AL - 10,06
=1 % TN T :
: 1 0.05
8 T rzllf,: ! :‘/,.’/ // / 2,9 v
. 7v7 [ A4
/7_/:/.‘ J-//‘:./,/ i = —— C{ ‘J ______ | = — 0,04
s 3P, ,: / - /fj/ \} 1'5
= £ A 6.0
7 v / K06 -
7 '
:; o h , B / , 0,02
"/ {/ ' I - —,,7“: @ “"\df / \"’0'\
::: i = 1 = + : -1:& 0,01
. g ¥ ~@ i - e “\\ / . \
l:/ = - : lf Ca G ;‘t": R pmT———." e Rt . \\..‘ - N
YRS LSS A : : 0,00
: b h/d -1,00 -06 @ -0,2 O
] '
. . " : . Fig. 2. Increment of the drag coefficient as a function of the
Fig. 1. Model of flow in an isolated rectangular pit [2] in a divgrsionlioss A oF the i 141,

wall.

Heat Transfer Research 25(1), 1993582
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Results:
NMnArvra than ’)ﬂ% iNn~rrnacn AT

—— plate fin

—+— Oblique Dimple Gap 4-12 fin

—)— Oblique Dimple Gap 6-12 fin

—{F— cannelure fin (I)

—— cannelure fin (1)

—l— Oblique Dimple Gap 4-12cannelure fin
—@ — Oblique Dimple Gap 6-12cannelure fin (I)
—4&—— Oblique Dimple Gap 6-12cannelure fin (Il)
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The Heat transfer coefficient (W/m?k)
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—l— plate fin

—+— Oblique Dimple Gap 4-12 fin

—O— Oblique Dimple Gap 6-12 fin

—}— cannelure fin (l)

—O— cannelure fin (Il)

—ll— Oblique Dimple Gap 4-12cannelure fin
—@— Oblique Dimple Gap 6-12cannelure fin (1)
—4A&A—— Oblique Dimple Gap 6-12cannelure fin (Il)
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#z 28 =% \Why cannelure structure is
working? i One possible

& Reduce the BL thickness t%ar%%rove the
heat transfer performance for fully
developed region.

¢l t acts |1 ke

N
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TABLE Il The generations of heat transfer technology

Tube-and-plate fins, single-phase

1st generation bare tube
2nd generation plain fins
3rd generation longitudinal vortex generators on fins

In channel, single-phase

1st generation smooth channel
2nd generation 2-D roughness
3rd generation 3-D roughness

QOutside tubes, boiling

1st generation smooth tube
2nd generation 2-D fins
3rd generation 3-D fins and metallic matrices

In-tube, evaporation

1st generation smooth tubes
2nd generation massive fins and inserts
3rd generation micro-fins

QOutside tubes, condensing
1st generation smooth tubes
2nd generation 2-Dfins
3rd generation 3-D fins and metallic matrices
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Two dimensional microfin tube
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Fin tip 0.15 mm

DofR

Cross groove typically
0.51 mm Wall 50% of primary fin height
/0.35 mm Fin Fin apex angle = 30 deg.

(transverse to fin axis)

& Three dimensional microfin tube (Olin)
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¢- KME oe (0, 95% b6»1N

“
¢ Three dimensional microfin tube(KME)
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