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INTRODUCTION: 

The p1.u-pose of the project was the haining of the Heavy Mechaniccl 

Complex (HMC). raxila de.signet-s in the designing of heat. exchanqet s. 

The job was ini ti ally programmed fot- a pet-iod of 4 months and 

subsequently extended to 6 months. It took place in the pet·iocl 

02.10.1988 to 05.04.1989 as follows. 

On 02.10.1988 I left Bucharest. arriving in Islamabad on 03.10.1988. 

Next day. on 04. 10.1988 I went to UtHDO Islamabad i.Jhet e I mc~t Mt _ 
J.Holten, Mr. f1.0gbewe and othet-s. Herl:-.., all ne.cessat-y an·anqement 

for the shifting to Taxila we.re done, and the shifting took place on 

o~-> _ 1 o _ 19~3::: _ 

ln HMC, Taxila I discussed with: 
Mr. Zahoor Ahmed, General Manager (Enpineerinq) 

Mr. Hussnain Siddiqui, General Manager (CMD) 

Mr. S. Ali Enser, Deputy General Manager (PPC) 

Mr. M.A. Fidai, Manager (Boiler Design) 

Following those discussions and based on the job description receivell 

from UNIDO Vienna, a programme of the activjty was established. That 

initial programme was subsequently improved, based on the 
tT~quit'f~ments of the daily de~.ign act ivi 1 y of HttC, Tet>:i };,_ lhP firi<d 

form of this pt·o~.ffammf' is as fol 101.o1s: 

• 

1) The dt··awjn9 up C•f the manual ent..it.h~·d "lh'·sign ct·itPtia C1nd 

selection of hPat exchangers" 

:>) The c:ompilaUc1n of t.he vat·ious m•.'-t.hr•doJnqh·~: fot tl11? 

thet· modynl'lmic t:alc:uJ at.ion of t1E>at p;.cchar1qr•t s. 
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3) Tt1\" Pt"'tfot111 c·f th~ iJlust1<:1tivE- c<dcuJ<1tior1:. f\it tli-:. 

Ilk·"' thodol oqj F-·:. of c •:d cu L.:t ti or1 ft 0111 t h1_:. PC• i ril :? . 

l 
.,. 

- ~'-

5) The develc-pment. of computet· pt·ogntmmes. b.-:1sed or1 U11.:"' 

methodologies and examples of calculation. alongwith Mr_ Naseet 

Ahmad Salmaan ft·om the Computet· Cent.et-. 

6) Ft·om time to time, help in existing jobs undet· execution in the 

design department. of HHC, Taxila. 

The way in which cvet·y point of this pt·oqtammp Nas te<:1lizPd i:~ 

desc. t· i bed be 1 ow_ 

1) TIE DRAWING UP OF TIE HANUAL •DE:SIGN CRITERIA AND SELECTION OF 

JEAT EXCHANGERS l55 pages in typed fr.mi)_ 

The manual was prepared in October, 1988 and handed over to HMC 

design department on 31.10.1988. It contains dctail0d technicill 

data for the heat exchangers. namely: 

a) the:- classification of the heat exch.-:1nqPt·s accot 1:li.nq to 

diffet·ent cTit.et·ia, i,Jhich inclw:k•:..-=-: utilizatior1, 

constnJction. action. su1··face few ht:•at tTansfc·r, flu.id:; f.lol·J, 

et.c: . : 

b) the pt·ocesses which can occu1· in a hi?.:tt. exch<:tnqf•r: f_lujd 

cooling/heating without phase chanqe, condens~tion, t10Jlinq, 

evaporation; 

c) t.he stages of the des.ic_:iriir1q and U1t:· ar1a.lvsJ::~ of 1lir· :::1:.Jr··(lt·d 

heat exchange-rs, which arP suitable· ftom tht• tt.'=.'"'L"'dyn;;rniit 

'1r1d mPct .. 1rdcaJ pofr1t of vit>i.J, in (•Jd(·J fl• f·'.'-L1t.·li:·.1"1 th(· 

or:•t 1 m1.1ni Vl'lt j ant: 
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•. fl tht.,.. ar1 ... 1lysi::. l•f tt1P 111<.1ir1 p;:-tt <.1011.::·tr•t·::: involvt~d .ir1 the· 

thl"'tmodyr1amic c<:-tlculat.ion of the· b('<:tt \:"'xct1<:mqt>t:.': Un• ml' ... tr1 

t.PlllPt"t <.1tun:-> di fft?t"Pnc:e. thl--- t_•Vt0·t <.111 hPat t I ar1Sft-'I" 

c;_•l•ffi.. iPr1t. Un=· p1·es:-:u1 E· dt·l•J:>:::; 

p) tt1.:• analysis (•f the geom.-:-ttical 't1a1·actP1·istil:S of U1P hh.1t 

exchangers: tubes. shells. baffles. nozzles. At this point ftS 

l.iell as at the point (d) the 1·t>commended 1·ar1ges and the 

constructive restrictions in TEMA and ASME standards were 

mentioned; 

f) the placing of the fluids involved in the heat transfer. 

based on their cha~acteristics and the economicity of the 

heat exchanger construction; 

g) the thern1al insulation i-equir•:-d to minimize thE"· heat losst:~S: 

h) the analysis of the main ther·mal agents used in these hecit. 

pxchange1·s; 

i) the comparision of different types of heat exch~ngers of tube 

bundle in a shell. involvPcl in n:Mi\ :::.tandard:> (advantage~: and 

di ::::advantages) . 

Because,. tht.,.. most used heat exchan9E·1·s fr1 the chemical. 

petrochemical, etc. plants and pro~esse~ are of tube bundle in il 

shell t.ypp, the tE"~chnic:a 1 data fto1:1 th~~ pc.ir1t::-: (<'!) -- (E?) above 

1efet· m<:dnly to theru. 

lhe manual cont.ajns <1lso twc1 sPc:tjc.n::; t e-latir19 to: 

he:-at exchanqt?rs with finriE'd tui:.c·:-:: <loi.J, hiqh. ttansversal and 

Jc-.riqj tudin<1J f jns); 

0U1t~·t typp!:; l"'f hP<1t €~xch,:mqet'!:. (i.Jjth ~·latrJ:~;, w.ith coils. w.ith 

$Pt ink le. se:t· ubi:•e-rs) . 
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All h"'(hrdc<..;1 d<:."1tC. in this fll<.."tnuaJ <1t t=- u::.pful ir1 U1\0• :.<:\::.]..:~\. t ior1 cd 

diffE"tPr1t qi:=-omt:>tt·it.=-s Clf U1(' ht~.-~tt tt<:"1r1:sfpr ~;ut f.tCt:", tc• t•r- 1.1::..Pd 

sub::_;pqupritly irr tho=- U1Pt·n1c.,dyr1<:"1r11ic l<'dcu1~"1f i1::.r;::., u:::.ir1q the 

mt.·thod\.ll l'•q i 1.·::.~ c•f c.:11 cul at i (•r1. 

2) TIE tETHODOLOGI£S OF CALCULATION (lO/ pagt-s in hanch.Jt i tten 
fot·m) _ 

Fo~- the pt·actical design of the heat exchangers of tube bundle in 

a shell typp, eleven methodologies of calculation were prep;:u·ed. 

taking into account the most commo-· combinations of the U1i>t·m;:d 
pt·ocesses _ They an~: 

I) shellside: 

tubp side: 

II) shelJside: 

tul::1E' side: 

III) tiJbe side: 

sheJJ::.ide: 

IV) tube side: 

she 1.1 side: 

V) tubP sidf': 

shellsid1.:-.: 

fluid heating/coolin~::; l-Jithout ,•hCISt? 

change (forced convection) 

fluid cooling/heatfr1~~ vJi thc•ut phase 

change (forced convection) 

cooling of vapors. isother~al 

condensation, subcooling of condensate 
(forced convection) 

fluid heating without phase chang1..~ 

(fot·ced convectior1) 

vapors cooling, isothermal condensation, 

condensC1te subcooling (forced 
convec t.i. on) 

fluid heatjng without ~hase change 

(forced convection) 

liquid he<.=ttinq, isottu::.rmaJ boi]inq, 

vapor·s SUPt·d·1e~1tir1q ( fot·ct:·d c0nvt>c t iorr) 

isotJ1enn<1J c.or1d~ns<:1t.ion (fot c~d or· 

natural convection) 

liquid heating,_jsothermal boiJinq, 

vapors superheatinq Cf0rc0J convert.ion) 

f lujd cnol iriq, i.Ji U1(•Ut pt1i'IS(• chC1n~:it-

( f on f·d c ("•nv:.-c ti or1) 
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l \q1.1\d lar·<tl jraq, jsc•U1-:~t·m,11 bni 1.ira•'.!, 

v.t~····r:::. :.;:1.1i:.""t·hpat inq (fL"n cr·d .:..:1r1vl>.:. t il·••.l 

i·:.utlu•1·n1<.=tJ lOnd,,_:.r1s<..1tion ( fl··t l l'":l l•t 

ra•·ttut·<JJ li:'r1vPctjc,r1) 

liqaiid hl.:· ... 1ting, i:;:.c,ti:Pt'Oli..'11 t•l°•_i.Jira·~. 

vi..'ti:-·tH :..~ :..:.up1?t heating ( forci:'d ;_.1_•nv._• .. t i.:·r•} 

fluid cooling without phas~ char19P 

(fon~ed convection) 

VIII) shellsid1:>: liquid heating, isothermal boilinq 

(kettle boilers) 

tube side: 

IX) shell side: 

tubt- sid0: 

X) tubP sjde: 

shell side: 

XI) tube sidl~: 

isothet·mal condensation (fot·ced m· 

natural c0nvection) 

l ·•id heating, isothet·mal boiling 

( kt:"'ttle boi ler·s) 

fluid cooling without phase change 

(forcPd convection) 

evaporation in thin filffi of liquid 

(natural convection) 

j3othermal condensation (forced or 

natural convection) 

evapon1tiora in thin film of liquid 

(natural convection) 

flujd coc•ling 1.oJithout. phase change 

(forced convection) 

In all these methodologies are PtPs~nted in dPtail: 

a) th~ st~~~s uf th~ thermodynamic calculation; 

b) U1P sr::·~ci f.ic fot-mula few evl~t y type of flu.id, floi.J reg.inn~. 

s~t of geometrical characteristics. arrangement of fluxes. 

C' tr . Tht- numbet· of tt1P f ot mu 1 C1 f ot- each methodol ~,qy men t h•rai-d 

at•1.Y•/C· i ~~ t•l'· t wc·C"n ~·~) 1.1nd l ll4; 

() tt11.=· po:::~,.jt•.lcJ arid r·pc0mt11l>r1dPd mo.jjficat.lon of thf> ::.•"lectfJd 

q;:·c1111•.'ttit<'.d ch<1t<.1(fE-tj~.:lic:=. if thr' t1•:-~d ttansfc•r :;u1f~1c .. · i:»

r1n1 :'.1.lffi1 i··ra1 fnt Hw 1·.:·quitr•d duty .-1r1d/C•t Ha\• c<ihul.·1t1d 

r·t1·'.:··:.•Jt1· dt•.•1•::. v\<.'t•t.>-''. 1i·11:· n1o1:<in11.tr11 .dlt:1l•Ji1i:.J1.· l•r1t:·'.'·-
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l:rw· (~<=ich mett.odc.J1..•gy c·f t<tl(u}.-t1.il•r1 L.J'-=ts d1<1Mr1 up ct d-:.t1<:"1 sht .. Pt 

ml~nt ior1iri•1 the nt.~cessat·y d•=tt<.1 (numl~t ii:al ,,rid qua.ti t;:1tiv1:•) 

1tr>.:-j1 symbc•l~. arid measun"' urdts. ~=.:.~ w<?-JJ .1~- tht" .ir1dic;:.,ti..··r1 

f\lt Hsi;- fillfr19 of the d.1t,-:1 :.~f-n.>(•t _ 

3) TIE ILLUSTRATIVE EXAMPLES OF CALCULATION 

(75 pages in handwritten form) 

For a better understanding of the methodologies of calculation. 

of the use of the set of fot-mula and analyses in E~ach one l"'et-e 

prepared illustrative examples of calculation_ Every methodology 

is accompanied by an example of calculation p1·ope1· 1 y selected to 

meet the restrictions and recommendatio~s in the manual "Design 

criteria and selection of heat exchangers"_ 

The clc:.1ta fot-- evet·y example an-· mentioned in a coi:.•Y of th0 d<.1\:.:-1 

sheet and in the proper calculation ftre: 

a) mentioned the stages and the speci fie fc.nnula for that. 

pat·ticula1-- example. selected f1·om the ~.--t.Jn? set c·f forn:uJa 

of the methodology; 

b) dr.so· ibed the stages of ge-omr:-t 1 ic<iJ c.t.a1 ac h·'r j :::tic:~. 

establishment (several different sets): 

e:) pointed out the :zones of tJ1f~ 11ia.l--and-t"'"rror c.:,Jci..dciUon~:. 

giving the~ n?.sults of tht• friitial and fjr1al itE· '1tion: 

d' done> again the ca.lculat.ions, if at lt-ast 0~11.? of thE· 

n•st1·iction::-: imposed by the tf>c:hnoJogic:<:d pJ'1nt.s ot ptotc•::::; 

requjrements is not met; 

e) mf•ntioned the t'equit·emer1t:-,; of tt1P mf·d1<:1riic<• l c;,dcuL:1t it-.r1 

(whid1 .is the second flkt.int ~:te>i:• of th.:• .j,·<.imdr1y l•f ht-.=11 

c:-xchar1qers). 
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lhP Dll"t.hodoloqjt-·S l~f c.'t]c1JJ.:1t icm. ~ccc·m~·,-.HtiP(.I by Hn-' ·:!<-it .-1 ::_.trt•(•t 

and tt1l"' example of C<.'1lc•.tl<:1tic~n i.JPtE' hand1: ... d ovet. or11:- l·Y L1r11:._ 

a] onq tht:"' pet- i c•d Nc-•vt=>n1ber. J ·~::::~-: -- Match. J 9i--:·-1 _ 

4. nE TRAINING OF H-"-C- TAXILA DESIGNERS_ 
HMC. Taxila has appointed the following engineers. fot the 

training. based on the works from the points l - 3 a~0ve: 
Mt-_ M.A. Fidai 
Mt·. Imdad Hussain Shah 
Mt·. Javed Khattak 
M~- - Naseet· Ahmad Salmaan 
Mt·. Na deem Mehdi 
Mt-_ Shaf iq Ahmad Viqat· 

To be mentioned that the last one engineer couldn't P~tt.iciµ~tP 

at the whole programme for the training ~ecause he was 
transferred to another city_ 

The proper training of the above mentioned engineers took place 

in gt·oup (more often) or individually (ft-om case to case~). in the 
fm·m of periodically lect.tffes and daily discussion:;_ ln thE-se 

meetings every section of the manual "Design criteria and 

selection of heat exchanget·" as i.Jell as the method•.::iloqie>::: <Hr~"'l 

examples of ca:culation wer~ analysed. The technical details of 

these works were clarified and amplified. The examples of 

calculatjon wet·e perfon11ed step--by-::;tep_ Fe,.- somP of thr-· c•1t-vPn 

methodologies of calculation. supplementary examples of 

calculation were performed and analysed. 

I also gave to the above mentioned engineers: 

a) indie:at.ions fo1- the analysis of thE- cotTectrrl"'S~. of Ure d<dct 

received from the b~neficiary of calculation: 
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t) solutic1n::-; t.o intc:.n:•olate and _,,):tt~'tp(1l<'.1t(• U11.:_ .. ptOPPttil"S of 

the fluids togpthet· with <:1 list '-"lf tt-.fEHern.::p::;. fot thP:::e dt1L::1: 

d) E·>:cimpJps fm some pos::-::iblt> c-ast"S •H Un.: .. po.int::-:(.::-.) -- (~) 

<:1t•ovc·, etc_ 

l c:onsidt-t that U1P engineet-s who participated at the tTaining 

programme, have assimilated the technical data included in the 

wot-~:s from the points 1 - 3 above and will be able to use them in 

the future design activity_ 

5~ TJ£ DEYELOPIENT OF COHPUTER PROGRAHfES_ 

In order to facilitate the heat exchanger design, the 

implementation of the methodologies of calculation from the point 

2 above w~s also started. 

It wet-e ~...-epat-ed the flowc:hc:..-ts and r:wom-·ammes fot· the computer, 

for the fitst and second methodology of calculation, following 

that the rest to be implemented fu: U1Pt· _ 

It i.Je1.-e e~,;tablished the t-esul ts of the c;:,:dculation to be pt· int.Pd 

as wt>ll a~. the comments accomi:·ariyinq H:i.°,:::P n?::.t_ilt:::, if on~ {ot 

mote) of thv t·esttiction:; is not n1 1:·L Evidt>ntly, based on these 

comments, the selected constructive solutions will be modified 

and the c.:dc.uh1tions pet-fot·mpd agi1in till tt1e taking p<.fft in the 

imposPd conditic1n:::. Tht:> ptoqra111me:::- for Hie c:omputE;t· an2 

especic .. 1lly u:::1:•ful in this t't:•spect as i.JclJ ;;1::: in tht"' avoiding of 

thP mi stcikes .i r1 ttie seh;c tiriq of 1.ht" i:wnper forn1ul a for each 

P<n-t.iculcit case .:ind in the> C:<:dcuJatior1 w::ir1g podt.Pt. calculators. 

The initictl fot·ms of thP t.i.Jo ~·t·og1·amn1c:•s few H1P compute~•- were 

cor1Unuou:-,.ly impt--ovt>d tilJ my mi::;:::ion c·r1d. 

Th(-' re:;;ult~. C•f the illu:::fndjve exC1111pJp:; fnt thr· rnett1c1do.loqies 

No. rand JL ot.tajned u:;inr.i the- r:nrriPutc·r· r•roqn:1111111c--·::: art"' 

Pt P::;,·Jrd 1:·d i rr 1111·· <1r·~·c·r1di ): I . 
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<:·- TIE fELP IN TIE EXISTING .JOBS_ 

In tht:"" petic•d of mission. HMC. Taxila dPsign df•p;:-ut.mpnt h•1d t.o 

calLulat.e sevet·al hPat exchar1q.:·t s for National r ibt P Li111i t r••j. 

Pakistar1 StatP Oil. D.::1i.Jood H1.~tc1.IJp::-: Chemicals Linii1t' .. L Pie. 

{ economi :Zf"t· s. condensPt .. s. hP.:1 t.r•t ::..: • t~ t c _ ) _ 

In these jobs I have helped the de.signet·s in ttie establishing of 

the geometrical characteristics. the calculation and aoa]ysis of 

those heat exchanget·s as well as in the f0t·mulation of the 

observations to be handed over to the beneficiaries. in the cases 

when the received data and t·estt·ictjons were not suitable ot· 

incomplete. F0t· the calculation of the heat exchangeffs fot· Dai.mod 

Het·cules Chemicals Limited i.Jet·e used the ti.Jo computet· pt·ogt·ammi.·::

mentioned at the point 5. 

HMC. laxila prepared a report concerning the development of 

chemical. petrochemical. power, fertilizers, etc. plants, for the 

next five years. It were estimated the possible number of ~Jch 

plants to be built. the necessary equipment, the weights and 

costs, etc. In this case 1 participated in the establishir1g of 

the necessat·y numbet· of heat exchanget·s and of the equipment to 

produce these heat exchangers (soffie of them being necessary to be 

impot·ted). 

Also I have helped in the calculation of the nPcessary quantity 

of ait· frn cooling a mixt.1.u-e of twt flue gases (by mixing). 

J considet· that. the wot·ks prppat·Pd by me~ and analysed arid 

cl at-if ied in the pet· iod of these b mont.h'.:-: are good t.asi s few thF· 

future design activity of HMC. Taxila. It follows that these 

basis should be further developed both by the studying of the 

r_efen?.nce list which I i::wepaH•d (21 titles of books and lOJ 

titles of articles from the speci~ljzed magazin0s, selected from 

a ] arger se>t of works in t.hi :': f i pJ d) Mid by PVt?nt.ual futun" 

r.leetings. 
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APPENDIX NO- .1 

I) INPUT DATA 
H, S, LOOOE+05, 4, L500E:+Ol, 2.500E+Ol, 9_9·:;0£-0l, 5.060E-01, 5.2JOE-OJ 
l.15SE-03, 9.025£-lH, 9.990E+02, 9.960E+02, ~---OGOE-01, l, 5.000E+Ol 
3.000E+Ol, 5.380E-Ol, 1.000E-01, 1.100£-·0J, 3.740£-04, 7.740E-04, 7.940E+02 
8.720£+02. 5.000E-01. 2.100£-02, 2.500£-02. 3.000E-01, 3.000E-01 
R, 3.700£+01. 4.000(-04, 2, T. L. L, 1. 0 
4.0. 362. 3.20£-02. 14, 2.40E-Ol, l.75E-Ol. 7.000E-01 

Identification f.lumber is TESTl 
Heat Exchanger is HORIZONTAL 
Total Heat Tt·ansfet·ed 
Ovet·all Heat Tt·ar1sfet· Coefficient 
Heat Transfer Surface 
LM. T .0. 

1076000.000 KCal/Hr. 
534.324 KCal/Ht" .m2 c 
113. 72t:. m2 

17.707 c 
24.306 c Tube Wall Tempet·at.ure 

Total Fouling Resistance 0. 00040 m2 Ht·_ C/KCal 

SHELLSIDE PARAf"'.ETERS 
Inlet. Tempet·at.un:· 
Exit Temperat.ur0 
Flow Rate 
Ri:.vnolds No. 
Veloc:i ty 
Pt·essw· e Dro~:. 

llffiESIDf PARAHElERS 
Inlet Temper~tutr 
Exit TemperatutP 
Floi.J rate 
Reynolds Mo. 
Veloe: i t.y 
P1·essw·E", Dn.•P 

HEAT EXC~ANGER GECN1ETRY 
TuLc;- length 
T1.Jbe pit.ch 
Tubf.~ 01Jte~· dia. 
Shellside No. of pass(es) 
Nozzl~ innPt dia. 
No. of t•CI ff l <>:'. 
Bafffh-. cut 

r. (_I 11 11 [ ,., ., ~: 

-1.\l 1 data 
4.0 
0.032 
0.025 
l 
u. :;oo 

J.1 
0.175 

50.(1(10 
30.000 

J 0000(1 _ (1('1(1 

0.:'::10 
0 .. 1·12 

j ~ .. (l(l(J 

25.(llJO 
J 07707. l(I:'.,:: 

l '."7~:4. ::=:!:·7 
0.957 
o. I/'.'.:/ 

c 
c 
Kg/Hr -

m/s 
at 

c 

K9/Ht. 

m/s 
at 

a1·e .ir1 rut:.ters·· 
No. of t1Jt>e:c; 
Tut•e .i r1rre1· dj a .. 
Shell i rrnr·1· di <1. 
Tut>e~-.j di,'. No. of i:•ass(es) 
t·h:;zzlc· t-.xit c.:li<.1. 
B<i f fl i0· ::.N1d rig 
x 

36?. 
0.021 
0.70 
4 
0.30(1 
0. 21\fl 
2.90 
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11) INPLll IWI A 
H, V, L90fl[+(G J. 7.000C+lll. ~ •. 70(1[+(11. 4.(ltlOL-till. 4.'.·~:.>~l[-llJ. J.;_:f1(11:--t"t::' 
1.700£-02. 1.f.5.10F-ll5. 1.S:?OE-O~'i. J .SOOE+lll_I, l .·1lll1L+ll0, !>_:;:::l•L-·01. ·.~.:>Ut•f· -02 
l - 050(-01 • 2 - 340E --(1.1. s. ::f'.'\(IL-04. 7 - 670F ..-c1:"). ::;_ 3~(1( i {I;::'. ·1 - 7J (II"+ c1::>. J - (l(ll)[ +i.l(I 
5.0lll•E-0:?. 4. :? _ :::our+o I. ~>. :::OO[-f 01. 9_ ··;;~:I E-·(IJ. ~·- :).1.1E- l_lj. • •• - -~·:·1 .. (:-01 
8 - 320[ -04 • , . - 7~:(1( - 1)4 • ·:: - -=it_.(IE + 02. ·~ - 95ClE • n:-~ • :; - l lfltlF -ft J • ::i - ]l l(I[ - o::.> • :? - ~-·l ll)[. -o:? 
L !:-\llOE-01 • 5. 0001>"02. n, 3. 7l•OE +l11 • .:; _ Ol.lfl[" --ll·1. 2. 1 • I. • I 
4 _(I, 2!'.2. 3. 20E-02. :~:. 5. O~E-OJ • 3. (l(lf.· -(12. <-·. (1(1(1[ --0 I 

Ident.ificatilln N1.1mbet· is T£S12 
Heat E>:d1.::-inget is HORIZONTAL 
Total Heat Transfered 
Overall Heat Tn1nsfet· Coefficient 
Heat. Tt·ansfet· Sut·face 
LM. T .D. 
Tube Wall Temperatur·e 
Total Fouling Resistance 

SHELLSIDE PARAMETERS 
Inlet. Temperatur·e 
Exit Temper·atut·e 
Vapour· Fl ow Rate 
Condensate Flow Rate 
Reynolds No. f0t- Vapow·s 
Reynolds No. fot· Condensate 
Velocity of Vapout· 
Velocity of Condensate 
Pressure Drop 

TUBESIDE PARAMETERS 
Inlet· Tempet·atun~ 
Exit Tempet·atw·e 
Floi.1 t·ate 
Reyne.Ids No. 
Velocity of Fluid 
Press:•Jt·e Dt·op 

HEAT EXCHANEER GEOMETRY 
T1Jbe-. ler.gth 
Tube pj t.c:h 
Tub€"~ outPr dia. 
Shellside No. of pass(es) 
Nozzle inn~r dia. 
No. of baffle-s 
Bafff h" cut 

C (I M M E N T S 

-All data 
4.0 
0.032 
0.025 
1 
0.150 

0.030 

·n3454 .1SO KCal/H; -
t.f.7. 605 t<Cal/Hr _ m2 C 

79.16:.:: m2 
17.472 c 
34.850 c 
0.00030 m2 Ht-. C/KCal 

70.000 c 
40.000 c 

1 900 . 000 Kg/Ht·. 
1900.000 Kg/Ht·. 

~ 11;.37 . i -::7 
547 .3~';9 

5.02t· n1/S 
lL00'1 m/s 
0.003 at 

2;::_000 c 
38.000 c 

92521 . 20~. Kg/Ht·. 
33104.173 

l. Jt:4 fi1/ ::: 

o.2s:.::: at. 

at·e in metet·s-
No. of t.ut•es 
Tub.:- j nnet di a. 
Shc-11 inner· di ;:1. 
Tut•eside Nn. of ~·ass(es) 
Nozzle 0xjt dia. 
Baff!~ speicir1g 
x 

11 11 

252 
0.021 
0.6Cl 
4 
o.o~;o • 
0. 50~· 
4. :a 




