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Summary

In the field of cross-exchanger study, semi-mathematical models were
proposed to control and calibrate the air velocity in relation to the throttle
valve, and to adjust the relationship between the loss in vertical pressure and
the horizontal loss in the exchanger. The study was completed by finding
quasi-experimental models for cooling heat transfer for each column
separately, and comparing them with a model proposed by researcher

Zukauskas in 1987 to test the validity of the proposed model.

Keywords: heat exchanger.Cross. Heat transfer. Heat load. Cooling.

Speed. Vertical pressure. Horizontal pressure.
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Classification gccoﬁding to transfer process

Indirect ciguact type Direct co!nact type

)
Direct tralnsfer type Storage type Fiuidizlcd bed l

Single-phase Multiphase msciblc Gas-Liquid Ligquid-vapoer
Classification a.ccorFing to number of fiuids
Two-fuid Threerfuid N-Buid (¥ > 3)
Classification accordi]ng to surface compactness
Conr':pact Non-clompact
(Surface area density 2 700 m%/m?) (Surface area density < 700 m%/m?)
Classification accor}ding to construction
Tubgla: Plazli-rype Extendcld surface Regclxcraﬁvc
Gaskerted Wellded Spi!ral Platelcoil
Doxllblc-pipc Shcll-arlxd-tubc Spirall tube Pipclcoiis Plate-fin Tube-fin Rotary_lg-matﬁx
Crossflow Parallelfiow Ordinary Heat-pipe

to tubes 1o tubes separating wall wall

Classification according to flow arrangements
]

Singlcl[pass Mu.lti;laass
Courlnerﬂow Pa.ralleﬁiow Croslsﬂow Split 'ﬂow Dividlcd flow i
Ex:cnl[acd surface Shell-mlid-mbe Plae
Crot Crob Compbund ! I vide i
055~ TO3S- ompound Paralle]l counterfiow Split flow  Divided flow Fluid 1 M passes
counterflow  parallelfiow flow M shell passes Fluid 2 N passes
N mube passes

Classification adcording lto heat ransfer mechanisms

. L 1 : . ;
Singlc-phasc[convccnon Single-phase convection Two-phase convection ~ Combined convection
on both sides on one side, two-phase on both sides and radiative heat transfer

convection on other side

(Kreith and Boehm 1999) il ot &¥stadl Cannas ¢ (1-1) i
:(Classification according to construction) «uSd! o> Cimad! (1-3
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1. Stationary Head-Channel 13.  Floating Tubesheet
2. Stationary Head Flange-Channel or Bonnet 14.  Floating Head Cover
3. Channel Cover 15. Floating Head Cover Flange
4. Stationary Head Nozzle 16. Floating Head Backing Device
5. Stationary Tubesheet 17. Tierods and Spacers
6. Tubes 18.  Transverse Baffles or Support Plates
7. Shell 19.  Impingement Plates
8. Shell Cover 20. Pass Partition
9. Shell Flange-Stationary Head End 21.  Vent Connection
10.  Shell Flange-Rear Head End 22, Drain Connection
11.  Shell Nozzle 23. Instrument Connection
12. Shell Cover Flange 24,  Support Saddle

25. Lifting Lug
¢shell and tube heat exchangers) sl )~ Jared #35a5 :(1-3) JS200
S LR s Sl
LU ) Y L] Al ) £lf L Wley cotl) (L) 3508 w90 s s Y1 1l
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V =2.80217 + (0.5427)x + (—0.00213)x?
plondd! Yy Vie ol Ol pad matasd! £3 5001 Lol ol (41 Jgur

A B, B,
Value 2.80217 0.5427 —0.00213
Standard Error 0.55027 0.02298 2.03607.107*
R-square | R? = 0.99757 ile Adlias 33 z3ge

r\.o.\aj\ w ﬁy.b '&.GJMJ\ w Sﬂbu ) )\@;L\ ﬂ:ﬁ@ )ﬁk:,gj Ay %fg:j\ )\@;- é\,.,a CJ}A,J\ \..Ubj
ol 2o By o Lol (Sl sl (3 e e (4-2) s

el Z390d) aldsiznly Valve (%) pleall od Aoy Vsl o8 0 (4-2)Jgux

Valve (%) V | Valve (%) V | Valve (%) V | Valve (%) \%
1 3.34274 26 15.47249 51  24.93974 76 31.74449
2 3.87905 27 15.9023 52  25.26305 77 31.9613
3 4.4111 28  16.32785 53 25.5821 78  32.17385
4 4.93889 29  16.74914 54  25.89689 79  32.38214
5 5.46242 30 17.16617 55  26.20742 80  32.58617
6 5.98169 31 17.57894 56  26.51369 81  32.78594
7 6.4967 32  17.98745 57 26.8157 82  32.98145
8 7.00745 33 18.3917 58  27.11345 83 33.1727
9 7.51394 34  18.79169 59  27.40694 84  33.35969

10 8.01617 35 19.18742 60  27.69617 85  33.54242
11 8.51414 36  19.57889 61  27.98114 86  33.72089
12 9.00785 37 19.9661 62  28.26185 87 33.8951
13 9.4973 38  20.34905 63 28.5383 88  34.06505
14 9.98249 39 20.72774 64  28.81049 89  34.23074
15 10.46342 40  21.10217 65  29.07842 90  34.39217
16 10.94009 41  21.47234 66  29.34209 91  34.54934
17 11.4125 42  21.83825 67 29.6015 92  34.70225
18 11.88065 43 22.1999 68  29.85665 93 34.8509
19 12.34454 44 22.55729 69  30.10754 94  34.99529
20 12.80417 45  22.91042 70  30.35417 95  35.13542
21 13.25954 46 23.25929 71  30.59654 96  35.27129
22 13.71065 47 23.6039 72 30.83465 97 35.4029
23 14.1575 48  23.94425 73 31.0685 98  35.53025
24 14.60009 49  24.28034 74 31.29809 99  35.65334
25 15.03842 50 24.61217 75  31.52342 100  35.77217

54



£l Jalas & el

Gl o Ao garms Jg biiall B pidl Olu (2-2

BTy ISl & ames sl Gl sumgll e il iy boriall 203 Oleomy alonall pas & L4V &=l 3
Ll ¢ ne g ] ey M Sgd) (3 Ol Lariall (3 adly (AW Ladll 3 (3-8 (K2l
(22 = 2)WsLl (3 Bl odn ypmi ¢ G Jadd) oy « AP2 8Y) iy AP

V as s die $3y € bl i) e 3 BV AN LLa)) pan S i) ads 3 g el JIgly
((3-2) JKad 3 eosh) sl 3 Bge el Sy SULed) day

140 + ® APl (Pa)

120

—— Linear Fit of Datal_B

100 +

80

AP1 (Pa)
3
1

eeeeeeeeeeeeeeee
999999

aaaaaaaaaaaaaaaaaa
eeeeeeeeeeeeeeee

000000

0 100 200 300 400 500 600
AP2 (Pa)

(01 =ty APy aNay APy bzl 3 3,4 ol @ (42 |21

=2t o APy Na APy il 3 88 ol Jig (3-2) ISad 3 o) 1 1 (2-4) S s
Lndl 23sedly APy 5 APy o 23,b 33e s 0] Joill 6 aney cidax 1) O

(P, — B,) = 0.24201(P, — P;) — 525248
APy 84 AP lazll b &) O pad el 7350 Aol o)+ (4-3)Jgur

A B
Value 525248 0.24201
Standard Error 0.92103 0.00254
R -square R? = 0.99901 e B3lhas 55 m3sad

55



£l Jalas & el

Jodsedly blacas) gbling ds ) yghae dulys &S & ed) (3

Sl sy L) Lariall e U ggb ool WS ol (3 825 ol Lzl ga LWL sk
(Sl DL 3 Jb) Ll psliag 25

el o Aogarns Jo Bl iy (1-3

A odly il 2ol Jaind) L) dilaie 3 (Aol e ) 2ol g ad U ) ads U4
(7-2) 5,280 3 I Ladl) 3 ieioss

6T Bl 2ol e 065 ol dilaing Amgn A0yl Ld O5SS blaas) Bt ¢(pibare i OF L) rian
= J"‘T oy sl dge Vmin 5 blhai¥lie Vmax (Al OIAZ e Sliag ((s)9d) A~ u“'<'°

L) dely gadl) de ) o8 (3 il ST ISl (3 aslase el ST Rl (8 83 W pleall
(A-H st 3 Bae il

120 MO g ST Yy X
IF" !
./.’./.'OICO/ !
! oo ° *—g=9 :
100 — ! "J—Ogo . 0
—_— | —o—_9ggee
o0,
— "—. |
! ooo—
—g-0"
! ,.1‘5.
80 - . '7.7.5.‘.7010*. '
0-0—o .*.:A;.f.;.,.‘.i..;.‘.\ :
:: !
60 - o000
__eee®
e 0 . o |V =125 m/s
max

| ! L4 *—e D :
40V, =7.81mis "‘:? !
] ! — 00000 :
X |

|

y(mm)

P g--08°
e =) hd
4. s

20 ' .
. . o o000 Y
04 l
|
T T T T T T T y 1
15 -5 (0] 5 10 15
(moy2)

(028281 g jlezr goge Y WYL Vigyp S\t e :(4=3) S

56



AR

&l Qe

Vinin $42) 8 pdl 5 Vi (ool2sd) 25 pdl o 4-4) Jgx

Valve (%) Vmax Vmin |Vmax| - |Vmin| (leaxl - |Vmin|)/|Vmin|
10 6.25 0.0043 6.2457 1452.488
20 12.5 -7.81 4.69 0.600512
30 17.24 -9.38 7.86 0.837953
40 21.39 -10.03 11.36 1.132602
50 25.62 -13.55 12.07 0.890775
60 32.45 -15.13 17.32 1.144746
70 37.21 -17.31 19.9 1.149624
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100 41.65 -20.71 20.94 1.011106
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i) Jyla & Jaail
o A . . '_ 3 A . o . - “ “ & A . . —
( Lg\.«!\ C:}Q.Jb e Nu Jj'}f\ CJ}Q-J\J B Nu) éj\ﬂ\ Jaldu u"-"‘“ .\g;,.U dey o3 A c.b\-oJ\ : (5 4) Jj.\r,
b g A
Nu Nu ol #3501 el I (slope) Joo
100% 90% 80% 70% 60% 50% 40% 30% 20% 10% Rod | Row
Nu' = 13.173(Re)*5476(pr )36 Nu = 10.575(Re)*5476(Pr)036 | -0.01743 | -0.01709 | -0.01544 | -0.01544 -0.014 | -0.01266 | —0.01074 | —-0.00995 | -0.00825 -0.00609
Nu' = 29.371(Re)®5%1 (Pr )036 Nu = 23.578(Re)*5%1(Pr)°36 | -0.01678 | -0.01666 | -0.01618 | -0.01538 0.0142 | 0.01269 | -0.01101 | -0.00956 | —0.00841 -0.00633 2
Nu' = 4.924(Re)"3304(pr )036 Nu = 3.953(Re)®3304(pr )036 -0.01575 | -0.01601 | —0.01504 | —-0.01464 | -0.01366 | -0.01244 | —-0.01076 | -0.00933 | —0.00801 -0.00602 3 1
Nu' = 66.140(Re)*3°11(pr 036 Nu = 53.094(Re)%3%11(Pr)036 | -0.01644 | -0.01631 | -0.1637= | -0.01523 | -0.01455 | -0.01289 | -0.0113 | -0.00989 | -0.00833 -0.00609 4
Nu' = 24.431(Re)*3355 (Pr )03 Nu = 19.612(Re)*3355(Pr)036 | -0.01712 | -0.01706 | -0.01601 | -0.01527 | -0.01406 | -0.01311 | -0.01083 | -0.00967 | -0.00808 -0.00609 5
Nu' = 2.141(Re)"5477 (Pr )036 Nu = 1.719(Re)®%477 (Pr )°36 -0.02386 | -0.02357 | —0.02265 | —-0.02084 | -0.18880 | -0.01675 | —0.01446 | -0.01241 | -0.01031 -0.00609 6
Nu' = 16.382(Re)®55% (Pr 036 Nu = 13.151(Re)*559(Pr)036 | -0.02325 | -0.02314 | -0.02213 | -0.02096 | -0.01858 | —0.01643 | -0.01469 | -0.01273 | -0.00609 -0.00609 7 5
Nu' = 33.426(Re)"*832(pr )036 Nu = 26.833(Re)**832(Pr)036 | -0.02248 | -0.02247 | -0.02129 | -0.02038 | -0.01833 | -0.01633 | -0.01495 | -0.01258 | -0.01064 -0.00768 8
Nu' = 69.210(Re)®*887(Pr)°36 | Nu = 55.558(Re)®4139(Pr )03 -0.02222 | -0.02189 | —0.02133 | -0.02016 | -0.01850 | -0.01673 | —-0.01412 | -0.1223 | -0.1020 ~0.00609 9
Nu' = 5.745(Re)®5578(pr )036 Nu = 4.612(Re)"5578(pr )036 -0.02825 | -0.02700 | -0.02579 | —0.02488 | —0.02225 | —-0.02003 | -0.01758 | -0.01470 | -0.01214 | -0.006009 10
Nu' = 2.316(Re)"81%7 (pPr )°36 Nu = 1.782(Re)"81%7 (Pr )36 -0.29540 | -0.02960 | -0.02691 | —0.02652 | —0.02353 | —0.02014 | -0.01775 | 0.01527 | -0.01276 -0.00609 11
Nu' = 66.774(Re)*5760(Pr )036 Nu = 53.603(Re)*5760(Pr)036 | —-0.02958 | -0.02899 | -0.02785 | -0.02543 | -.02359 | -0.02053 | -0.01757 | -0.01537 | -0.01241 -0.00609 12 3
Nu' = 20.225(Re)*S121(Pr)036 |  Nu = 16.236(Re)*S$121(Pr)036 | -0.02752 | -0.02752 | -0.02593 | -0.02540 | -0.02337 | -0.02013 | -0.01779 | -0.01517 | -0.01228 ~0.00609 13
Nu' = 2.023(Re)®56% (pr )036 Nu = 1.624(Re)"56%6(pr-)036 ~0.0283 | -0.02774 | -0.02586 | —0.02404 | —0.02322 | —0.01986 | -0.01779 | -0.01517 | -0.01228 -0.00609 14
Nu' = 19.234(Re)*5%55 (Pr )036 Nu = 15.440(Re)*5655(Pr)036 | -0.02781 | -0.02756 | -0.02418 | -0.02482 | -0.02269 | -0.02011 | -0.01759 | -0.01559 | -0.01226 -0.00609 15
Nu' = 23.270(Re)®5430 (pr 036 Nu = 18.680(Re)*5#30(Pr)036 | —-0.02856 | -0.02446 | -0.02554 | -0.02427 | -0.02185 | -0.02011 | -0.01639 | -0.01469 | -0.01240 -0.00609 16
4
Nu' = 23.296(Re)"5*3 (pr )036 Nu = 18.701(Re)*5*43(Pr)93¢ | —-0.02695 | -0.02706 | -0.02527 | -0.02467 | -0.02161 | -0.02031 | -0.01734 | -0.01512 | -0.01249 -0.00609 17
Nu' = 25.136(Re)*53% (Pr )03 Nu = 20.178(Re)*5389(Pr)036 | -0.02812 | -0.02799 | -0.02670 | -0.02497 | -0.02342 | -0.02051 | -0.01824 | -0.01577 | -0.01324 -0.00953 18

61




dolal! Aol



Al

:@‘\:.:.h

sy plasal) 403 AV a;,q\wg@@gwcsgcmxg 1 i

V =2.80217 + (0.5427)x + (—0.00213)x?>
G e s e B el 2k L) (gl Jdes T e Wik (S6 23t Blasal 3R b
.(M\ leiat
gz!y\ APy Ny szl APylizl 3 G4 ol dhm oA A e gl £ -2 o
L3R

AP; = 0.24201.AP, — 525248

ol Aol Aed Bmey BYI AVW (8L brall 3 sl s as 3l Ma e S5

(LA ol s

o5 S s il gy (bl Aol g lly bleaiVl Aol pudl b8 Lo @03 dns
Aoeall Mgy B S ol e B sdd e et gl oW ety o (S bl el
o opledd s e 220 g 114 Ol ST el BV o el 3 sl Of

A Al B 3 e 3527 JI 3 el e e (lis gl 60% -90%

b s Gl L el e sl DlaiV) aed ey b (b Al sds s S5L

Al oda e Bmrnnd)l )l a5 e ol o e Wi (Sey o)A JolU

SO s5ms IS5 (fy 3o z358 U oy ablill () A Sl (3 o &)l oV 14 A
Jol o 2 il) 18 23t (3 calgdlly palaal) Aol ) SIAL Z3gadl oend Sy & ol 2354
e vses Sy e ok auhl) OF a1 ST ((4-3) Jadl & Beise 3ladl) 3gae IS
Byl s U] ulyng 3dly dad (3 Saesl s a AJSaY) ok Bl Ay o
oS A Bl gy e Sl B el (LA JUEYT e 18] £ cpag ool il

i G s L s @y 6V Bes ) e dies siag) Al space S Lasl

63



Al

o FV_JY1|

iwlydg dly o3y (3 s s eoky e by A il s, cbll (ol A oLl an)
S u}ut adasY! Jlzw) ji ey in}J\ Lgemt ol CJ}C &2 cw}s\ & S)\sz\ FES up\.a.ﬁ\
A Bl Bmpag all Gl s oy SBy o)l £y Ltle oty wile dtls (g O

A o ally ot AU aslas duliy clsdl (U AU e alil) 84 8 ulee

64



gl sally alaal) daild

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Gl Al gabal
SbUl (3 el 1 lall bl 2 oY Aeatdl llaial) Calisea S e g &)lhs Bl " i dases
(2004 clpdl) v iendidl pslally polal) 2S¢ 3l3)g Amals ¢ perle 35T (Mgl el Bl

agday) dalily )l
Walker, G., Heat Exchangers in Cryocoolers, in Cryocoolers. 1983, Springer. p. 1-58.

Kreith, F. and R. Boehm. Mechanical Engineering Handbook Ed. Frank Kreith Boca
.Raton: CRC Press LLC, 1999. in Intelligent Transportation Systems. 1999

Classification of heat exchangers. 1981: Hemisphere Publishing, ,.Shah, R.K
.Washington, DC

Larowski, A. and M. Taylor. MA. Systematic procedures for selection of heat
.exchangers, C58/82. in Institution of Mechanical Engineers, London. 1982

Q. Kern, Process heat transfer. Vol. 5. 1950: McGraw-Hill New .Kern, D.Q. and D
.York

Stevens, R., J. Fernandez, and J. Woolf, Mean-temperature difference in one, two,
and three-pass crossflow heat exchangers. Transactions of the American Society of
.Mechanical Engineers, 1957. 79(2): p. 287-296

Singh, K.P., Some fundamental relationships for tubular heat exchanger thermal
.performance. 1981

Timmerhaus, K.D. and T.M. Flynn, Properties of cryogenic fluids, in Cryogenic
.Process Engineering. 1989, Springer. p. 13-38

Butterworth, D. and C.J.C.e.p. Mascone, Heat transfer heads into the 21st century.
.1991. 87(9): p. 30-37

Taylor, M.A., Plate-fin heat exchangers: guide to their specification and use.
.1987: Heat Transfer and Fluid Flow Services Amersham, UK

Shah, R.K. and D.P. Sekulic, Fundamentals of heat exchanger design. 2003: John
.Wiley & Sons

London, A. and R. Seban, A generalization of the methods of heat exchanger

analysis. International Journal of Heat and Mass Transfer, 1980. 23(1): p. 5-16.
.Gollin, M.J.H.0.A.T.D., Heat Exchanger Design and Rating. 1989(Part 7): p. 13

65



gl sally alaal) daild

[15] Lefevre, M, and H COMPTES RENDUS HEBDOMADAIRES DES SEANCES DE L
ACADEMIE DES SCIENCES Jakob. 1949. "SUR QUELQUES PROPRIETES DES
SUBSTANCES ACTIVES TIREES DES CULTURES DALGUES DEAU DOUCE." 229 (3):234-
236.

[16] Tansley, Claire E, and David P. Marshall Journal of Physical Oceanography Marshall.
2001. "Flow past a cylinder ona 3 plane, with application to Gulf Stream separation
and the Antarctic Circumpolar Current." 31 (11):3274-328

A il 230 gl

[17] Ahmed Khedim, Klemens Schwarzer, Christian Faber, Christoph Mtiller
"Production de centralisée de I'eau potable I'énergie solaire”, Desalination 168
(2004) 13-20.

[18] J.F. Sacadura"Initiation aux transfert thermique™ France -1977.

66



