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DEPARTMENT OF MECHANICAL ENGINEERING, 161\/[E306/ Heat and Mass Transfer — UNIT III - 

PHASE CHANGE HEAT TRANSFER AND HEAT 

EXCHANGERS 

Topic - Tutorial- film wise condensation 

The outer surface oTa venical tube. which is l m long and has an outer diameter M 80 mm. 
is exposed to saturated steam at atmospheric pressure and is maintained at SWC by the flow 

of cool water through the tube. What is the rate ot' heat transfer to the coolant. and what is 

the rate at which steam is condensed at the surface? 

Houn‘nm 

Emmi-r: Dimensions and temperature ol' a vertical tube experiencing condensation of 
steam at its outer surface. 

Find.- Heat transfer and condensation rates. 

an‘fll’flll‘lfl-f': 

D = I108 I11 
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PHASE CHANGE HEAT TRANSFER AND HEAT 

EXCHANGERS 

Topic - Tutorial- film wise condensation 
Assumption“ 

I. The condensate film dticILnE-ss is small relative to the cylinder diameter. 

2. Negl igibie ceneentrati-on of neuneontiensahie gases in the slearn. 

Properties.- Tahle A16. saturated vapor Ip = 1.0133 halal: T“, = IEI'ITC. p: = II = 

0596 kgl'm’. h = 2257 Idling. Tish: Aft. saturated liquid {T- = T3": I: H = Il'L-I = 9T5 m1. 
pt. = 3-75 22-: l 5'I‘vl'Lsh'nz. lit. = 0.663 “'Fm‘K. L'FJ- = 4LI§|J likg‘ K. p_. = snip,- = .135 X 
10 'i' mIIs. 

Analyst's: Since we assume the film thickness is small relative It) the cylinder diameter, 

we may use the correlations of Sections ”17' and “13-. With 

.- r —i": . _ J“: as m . =4|93Jfltg Knee snitc=flm2q 
Jr,“ 23? x Ie’mg 
  

i.t Fnliuws “Lat 

hh, = 'IJIEI I + [Inf-Slot] = 3“? kJJ'kgIIIDISEZJ = 2400 ltJflcg 

From Equation 10.42. 

= IILIILLTw — T,| 

Maj-gt vital ”3 

DfifiS'WI’m‘KD-CIL-nKIIDD—EDIK _ 
= = [301 

t [335 m t it :5 "1 
3T5}: In éN‘sJ'rn‘KErl-x lflslflcg x—Ts 

_ '3.3rn|"s‘ 

The ref-ore. Equation [0.44 applies: 

  m. =—' less P + titer”2 = I recs 3-: Ij-Dl + user”2 = oer: 
P IFEII 

traits!” {.135 x to infers:1 1-3 
as mrr‘ 

and I'm-n1. Equations 10.33 and [0.54 

g=fiLIWDILHTu — T,J= SJDCIWI’mJ-K x 7: x ensmx L rnl Ire — 50: K = sec-kw -::I 

m— q — 55-6 x .02.“.- —e_ne?s kgl's -::| 
Ir}? 2.4 X. H)" Ji'kg   
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None lhat using Equation 19.26. with the corrected la1ent heat. the film thickness at Ihe 

bottom of the tube EEL'I for the wave—free iaminar assumption is 

fill.) = 

  

“It-Beirut — T1111“ 
Emit-IL — put-life 

5{m=l4xfl.663W1rL-|‘Kx375x It] Eltgu‘s‘mt’lflfl—SD‘IKK L cn “4 
_ 9.3 rat's: x 91'5- kgimttsrs — 0.5961hg1'm3 x 2.4 3-: Learn; 

3|L]=2.IB}C II] ‘Im =D.2!3mrn 

Hence STU <5: tflfl'l. and use of Ihe verticai plate correlation fora. vertical cylinder isjustified. 

Hummer-It's: 

1. The condensation heat and mass rates may be increased by increasing the Iengda ofthe 

tube. For I 5 L 5 2 rn. the calculations yield the variations shown below. :For which 

”300 5 Re! 5 23-30 or IFDGI E P 5 BDII}. The foregoing calculations were perFormed 

by using the wavy-laminar correlation. Equation [El-.44. For PS 1530 IL 5' 1.63 rn'lI 

and Equation ”145. for F i:- 2530 [L :5- l.63 rnI_ Note. however. lhat the correlations 

do not provide equivalent results at P = 2331]. In particular. Equation 10.45 is a. func- 

tion oI'Fr. whereas Equation. IDAH- is not. 

  

      
  

1.5 r W" / o.-. 

1.22 1.0" In / est 

so: Lo‘ g e.:-3 _ 

s s .. at. .E 
can 10‘ @fififi’) one 

3.0... IE!" on; 

. . use '1'); .:- :2 1.; 1.5 L a 2.:- 
LIZ-m 

The tube bank ofa steam condenser consistsofa square array ofdflfi tubes. each ofdiameher 

D = 2r. = Lirnrn. 

l. If hocizonlaL unfinned lubes are exposed to saturated steam at a pressure o'Fp = Cl. l5 bar 

and dte tube surface is maintained at T, = 15": what is the rate at which steam is cort— 

densecl per limit length ofthe ltd): basalt?I 

I. If annular fins of height I'r = r1 — r:I = I mm. thickness: = I mm. and pitch 5 = 2 mm 

are added. determine the minimum condensation rate per unit length of tubing. 

Sou-non 
— 

Known.- Configuration and surface temperature of unfinned and finned condense: ltil'tes 

exposed to saturated steam at Dali bar. 

Find.- 

I. Condensation rate per unit length of unfinhed tubing. 

2. Minimum condensation rate per unit length of finned tubing.   
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Schema-Jr.- 

@043? T.§jfi'oifi 

9/2052“ 
y. 

1. Spatially unil'lsrru cylinder and I'm Lamp-azure. 

L Pct-ICES: heat transfer enel'l'ac tent varies 'w'itih tub-t: runa'wilh r: 1n’fi i.n I'Iquatien TEL-1|}. 

3-. Ficgligj'bll; conlicnuatilo-n or noo'rzlin-dcnsa'hlc gas-cs inth-i: chzurn. 

P'F-flplflr-vf.‘ Table he. null—amid taper if: - ELLE blar'l: Tn 32TH. - 541. 
a "If-u ILLEQH hath-“1. ”2313 Idflcg. 47 ' HIDE-T] Him. Tabla: I'Lfi-L. saturated lat-m 
rr} stistcp: p1 tee—r 99:: kgi'rrl}. 3.... ass x lot-3s -&"rn=.. t. can wJ'm-rc. 
cf“- 41 TH Jn'kg-K. ' 

Atari-min.— 

l- I'IqunJJIocn 'I 0.46- rclay b-crunn—angcd I.c| yiddamcxpa’cssiun Tclr IJIccclns-tuztflcln cci-crlit;i.c:l1l 
:I'oo'tl'sc trap. mll'anncd Lula: n‘hich is rsd'tl'IL' [cum 

i Pa‘i'rF': Alt-1921"“ 
” .m—m 

III-'Ihcn: C - H.729“ :I'ocra. I.le and 

if: - nun I- |'_l.6-fi Ira: Fez — lasagna. 1",) 

2.173 X LI'.I'1 JJ'Isg - DJEIH .4: 4L?! Jn'kg-K. X LIFE? 2951K 

11.55 Elflag 

Thertrcln: 

as: uym‘ , 9.31 mm? 2:: L99: ISLE-9:5] kgn'rrl.“ H 
_ 22: :oem wrm— Let‘s 2-155 x ml Jf'kg 
hi, or: _ 1 

fift.1}€1b“kg_n's-m—Lftlil zontxxsxto m 
  

-1L.I1chrm=-K. 
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r-'m.-n I'Iquiion lit-19 en- array-mcragcn ct-n'l'tcc don L-u-L-niL-icnt is 

r...” than |2.|JI Wm: - rt - Le "' an? w.-n=- [-C 

I"r:::rr E'IqL'uion I-I|__'s.t. L'H.‘ 

  

.dcnrurit-a rirc ncr LniLIcn3L1::l':uhir.gir 

in n «earn. 1;. 
he _. 

m;_.. a >. s' 

    
EU 3‘». _'-‘li' - F:.' .' wen: - K V. :a' X Ii ‘4. If: -'l.'t (41132.7 I'J‘Ji-ZI Ktlfifi'i X Ill-15kg, 

:Itt‘rII-i kit: - m 

1 
L. I"r:::rr Equation lit-13. L'IL' rrririrrrurrr enhancement a.'L' nhk: be the annilnrirrs is    

    
‘r'r.ru man; 

‘1'" ‘IL‘I m. 
- er 

    

  

'F‘.‘ H531- 

  

1-4 

2."   
i _ 1.02 I2:.:' ' .‘t-‘m '~;.'r\. =.-2: ‘rn 

4 tilt}: =1-.DQS:-Lg-'rc - [LI-t m"t= Xil .f. '.-I= m:- 

1.4”. 

"Tanner-tint;I urr minimum conJcr.saEt-r.:ra:r: l'er'hc i'inncJ :uh-c1 i-r 

mi”... trauma 'I.-I-’- - ISL-fit}: Itgr's-rn ISLE-6ft} kits - rr. 

r'_'nrrru|r-rrr: A value of n —'I.-'t‘l was iscc in I'Iqunion Ill-1'1. Hem-cur. l't-r :'ir.m'.l LL'rIcs 

the t-zlur.‘ of rr is carp-cc 1'31 Lt- 'IIL' hclwrxsr tux-1.1.1 It'l‘l. I"::r rr 0. 'Jrc u:r.rlcn::ari(-n rah: 
pcr L'.'Ill Icr.3Ln ::l".uhir.3 would he 

T I): 'r 1‘2: 
rerun max :'1'>’2 N% 

.'I 

2,-1.1. 2‘ JD - J-II - 25.13Ii‘fi'tmi-K X rx l': -. 1-] 'n - I3]? I'llilK-‘Rfifi X THU-'13 

I.‘—':- hut: -t.-. 

Thc :‘Irrxcriin: raer: it for: rrrn'rr-J'trl'rrutrrl cit-nciriar. when: cenJurnrcr: r'iII: Jtc crnin: inter-tin 
region. Actual cnnanttmcnu t-F chm "- -I rm; accnpnxtcd IFIZII. For In", :1 and rt :1 
Il'n.‘ condcrsarEt-n l'JLt: uouEJ h-c 

  

. _ T me! '.I' 'r: 
at, rnmzs - {##3" 

a.,_ 

4- - 2:3? 2-2: \ IE.I;-2: w.'m=-t-'L / 7A ti- - 2-2: 'm 3- I2'_'-"-' :-;:-s:rt.-':t.55x1::-‘trr.g 

3.06 Lira-m 

Hence Jrc condensation lair nt-uLd potentially be int-.cascd by IDII - 0.9!: Ilt‘rII-I: 
kg-‘s- [IL' IZIfIIZII Lg-‘s-rn 5613's. It}: using I".rrrcd ldhrltl.   
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