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PHASE CHANGE HEAT TRANSFER AND HEAT
EXCHANGERS
Topic - Tutorial- film wise condensation

The outer surface of a vertical tube, which is 1 m long and has an outer diameter of 80 mm,

is exposed to saturated steam at atmospheric pressure and is maintained at 50°C by the flow

of cool water through the tube. What is the rate of heat transfer to the coolant, and what is
the rate at which steam is condensed at the surface?

SOLUTION
(e

Known: Dimensions and temperature of a vertical tube experiencing condensation of
steam at its outer surface.

Find: Heat transfer and condensation rates.

Schematic:
D=008m

i

Condensate —
i 5 Saturatad
N L=1m steam

|:| p=1atm
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Assumprions:
1. The condensate Alm thickness 1= small relatwve to the cylinder diameter.
2. Megligible concentration of noncondensable gases in the steam.

Froperties: Table A6, sawrated vapor (p = 1.0133 barsk: Ty = 1WPC, gy = L, =
0396 kg/m®, by = 2257 klkg. Table A6, saturated hiquid (T; = 75°Ck gy = Vv, = 973 kg/m®,
g =373 = I E*N-s'm?, k= 0.668BWim-K. cp= 4193 Vkg-K. » = o= 385 =
10 mAis.

Analysis: Since we sssume the film thickness is small relative to the cylinder diameter,
we may use the comrelations of Sections 10.7 and 10,2, With

ol T — T - K100 —
oy — o T _ 4193 Mg - K(100 — SO K _ (1
Teg 2257 » 10 likg

it folloews that
b = hpdl + 068 Ja) = 2257 kg (1.0632) = 2400 kg

From Equation 10,42,

> Ty — T
. lr_hh}lal pffj;'l"ﬁ

0668 Wim- K = 1 m = {100 — 50) K "
= = 1301

. i (385 = 10-° mYs)® |?
375 3 1075 M- sfm?® 3¢ 2.4 x 10° Wg| 2 = e
0.8 mis*

P

Therefore, Equatnon 10044 applics:

l (0.68 = 1501 + 0.890"= = 0.20

Way =5 (0.68 P + 0,80 =

1501
Then
e Wiy by - et ) e
= :-:;_ Lo M n.-se.s? ‘n'rzfml E:’. — 5300 Wim?- K
(ei/g) (385 x 107 mY¥s)= |2
0% mis

and from Equations 10,33 and 1034

g = TlaDEN T — T,) = 5300 Wim®- K x = x 0.08 m x | m (100 — 50) K = 66.6 kW <

_ 9 _ 666X 1CW _ o076y

mr=—_—=—l = <l

by 2.4 3 106 Ikg
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Mote that using Equation 10026, with the comected Iatenmt heat, the film thickness at the
bottom of the tube S5(L) for the wave-free laminar assumption is

| Eevler — polig
S(L) =|4 *O0668Wm-Kx37T5x 10 *keg/s-m {100 — SO K > I m[|™
- _ 9.E mis? = 975 kgfm® (975 — 0.596) kg/m® x 2.4 x 10F Dikg

SI)=218x 10 *m=0218 mm
Hence S{L} < (IN2), and use of the vertcal plate commelation for a verical cylinder 15 justhed.

Cemmenis:

1. The condensation heat and mass rates may be increased by increasing the length of the
tube. For | = L = 2 m, the calculations yicld the variations shown below. for which
1) = Re, = 2330 or 1500 = P = 3010 The foregoing caleulations were performed
by using the wavy-laminar correlation, Equation 1044, for P = 2530 (L = | 68 m)
and Equatiom 1045, for P = 2530 (L = 1.68 m). Note, howewer, that the cormelanons
do not provide equivalent results at P = 2330, In pariicolar, Equation 10,45 s a func-
tion of Pr, whereas Egoation 1044 is not.

1.E= 10% /— 0.0s

1.2= 107 - / 0,04
9.0x 10¢ : = D02 _
S 2
o Ry o

6.0 100 @1@} .02

0= 10 o.on

i
0.00
) 1.2 14 16 1.3 2.0
L G

The: tube bank of a steam condenser consists of a square array of 400 twbes, each of diameter
= 2r = tmm.

1. If honzontal, unfinned wbes are exposed o saturated steam at a pressure of p o= 0,15 bar
and the tube surface 15 mantmined st T, = 23°C, what s the rate at which steam 15 con-
densed per unit length of the tube bank?

»

L. If annular fins of height & = r, — r; = | mm, thickness § = 1 mm, and pitch § = 2 mm
arc added. determine the mummum condensaton rate per unit length of whing.

SOLITTION
O ———

Knoarn: Configuration and surface temperatore of unfinned and finned condenser tubes
expossd to saturated steam at .15 bar.

Fird:
1. Condensation rate per unit length of unfinned tubang.
2. Minmuom condensation rate: per wmit length of finned tubing.
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Rehemaric:
v ]

SEETETES . =
-

1. Spatially uniform cylieder and @n emporature.
L. Avemes hest tensfer cocfficiont varos with wbe ros with e = — 186 in Equotiom 10040
3. MNeglipible concenimation of nonceaden=able gascs im ibs sicam.

Progrerriesr Tablc A, sadurabed vapor (g — L15 barl T ITTE — 547,

e 1de, — .38 kgpfem?, i, 23TE klifkg, o DOGT] Mim. Toblc A6, saberebed wober
7 3[5.5]{:-: = Ly = 07T kpfm™.  pp 53 2 105 M -sfm®, Kk 0631 "Wiim - B
Cpp = E1TE Mg - K. :

Al w sis -
I. Equaticm 1045 may be marmanged Lo yicld an expression For e cooveolbon oo fTicienl
o ithes dop, mnfinmed lobe adich is of ihe form

o PP — Pkl e
Hagl T — T bil¥
svhere (O 72D for = hobe and
ffy — g1 + (LGS Fu) — kg + DGR [Tan — Tad
= ITTR 3¢ 1P Jikg + DUSE = 417E Mkg - K > (327 — 398 K
- 2455 klikg
Therehors
992 kgfm” = 9.E] misT = (FPT — OLISE) kgdfm® e
s 0 (OLEST Wi - B =0 2455 = 107 kg

Ry — OTE - —-
63T 2 10 % kgils-m = (32T — IBEIK = 62 10T m

- 11,150 Wirm™ - K
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From Equation 10,49 the srray-averaped convection cocfficient is

T = P = 11,120 Wim® - K 3 2018 = 6747 Wim® - K

From Fquation 10.34 the condensation rate per mnit leagth of whing i

N LT rn'}!!,.'n"._ i

m :_q Iy i

'
20 3 20 % 6747 Wim®- K X o #6107 m = {327 — 208) KS2455 % 10° Mkg
060l kgfs-m

~

2. From Fquation 1048, the minimum enhancement stirvibistobbe 1o the snemlar fies =

Hrmn
Fum

e min

1 x4 ; Y 1
7 3 0.098) kgtm® > B8 mis® 2 {1 2 107" my |
144

Thensfare, the minimum condemsation rate for the fimned tubes =

Ay ™ g My = 144 > D601 kgis-m = OUB66 kgds+m

Comment: A vahse of & = -1/ was used in Equation 1004%. Howower, For §
lhe value of ® is cxpocied 1o be between sera and — 18, For g = 0, the condensation mic
por unit lenglh of tubing would be

[ )
PR = S NN ———— =
]

144 % 30 2 703 L 120Wim? - K % o 3 6% 107 m x (327 — 296) K/2455 % 107 Mg

LS kpfs-m
The proceding rate is for 2 neacphimizned condition where condensae fills the cotine inter-fin
mgion. Actual cohmnocments af Ep e, ™ 4 might bo cxpocied [50)L For &g e, = 4 and n = 0,
the condersmian rate would be

R DN T, — T)
il = g 2 W g N2t el ;,“ c

430 200 300 11,120 Wi - K 2w = 60 10 m o (327 — 298) K/2455 = 107 kg
105 kgfs-m

Henoe the condemsalion mic oould poicntially be inoreased by 100 = (3.96 Lk 1
kpfs -mf 0501 kpis-m = 560'F% by using finmed mbes.
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