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Surface tension of liquid-vapor
interface for water

ol a, N/m* Substance
and Temp. Surface Tension,
0 0.0757 e
20 0.0727 Range a, N'm* (T'in °C)

40 0.0696 Ammonia, —75 to —40°C:
60 0.0662 0.0264 + 0.000223T
80 0.0627 Benzene, 10 to 80°C:
100 0.0589 0.0315 - 0.000129T
120 0.0550 Butane, =70 to —20°C:
140 0.0509 0.0149 - 0.000121T
160 0.0466 Carbon dioxide, —30 to —20°C:
180 0.0422 0.0043 - 0.000160T
200 0,0377 Ethyl alcohol, 10 to 70°C:
220 0.0331 0.0241 - 0.000083T
240 0.0284 Mercury, 5 to 200°C:
260 0.0237 0.4906 — 0.000205T
280 0.0190 Methy! alcohol, 10 to 60°C:
300 0.0144 0.0240 — 0.000077T
320 0.0099 Pentane, 10 to 30°C:
340 0.0056 0.0183 - 0.000110T
360 0.0019 Propane, —90 to —10°C:
374 0.0 0.0092 - 0.000087T

Surface tension of some fluids

Values of the coefficient C.; and n for various fluid-surface combinations

Fluid-Heating Surface Combination Ce

Water—copper (polished) 0.0130

Water—copper (scored) 0.0068
Water-stainless steel (mechanically polished) 0.0130
Water—stainless steel (ground and polished) 0.0060 :
Water-stainless steel (teflon pitted) 0.0058 1.0
Water—stainless steel (chemically etched) 0.0130 1.0
Water—brass 0.0060 1.0
Water—nickel 0.0060 1.0
Water—platinum 0.0130 1.0
n-Pentane-copper (polished) 0.0154 1.7
n-Pentane—chromium 0.0150 1.7
Benzene—chromium 0.1010 1.7
Ethyl alcohol-chromium 0.0027 1.7
Carbon tetrachloride—copper 0.0130 1.7
Isopropancl-copper 0.0025 1.7
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Representative values of the overall heat transfer coefficients in
heat exchangers

Type of heat exchanger U, W/m? - °C*

Water-to-water 850-1700
Water-to-oil 100-350
Water-to-gasoline or kerosene 300-1000
Feedwater heaters 1000-8500
Steam-to-light fuel oil 200-400
Steam-to-heavy fuel oil 50-200
Steam condenser 1000-6000
Freon condenser (water cooled) 300-1000
Ammonia condenser (water cooled) 800-1400
Alcohol condensers (water cooled) 2b0-700
Gas-to-gas 10-40
Water-to-air in finned tubes (water in tubes) 30-60°
400-850!
Steam-to-air in finned tubes (steam in tubes) 30-300'
400-4000*
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mif

(a) Parallel-flow (b) Counter-flow

100 100

80 5 . 80

el
—
T

L

60

/ T
& J'l Shell fluid

e
C - .
L
“—Tube fluid i
NN “Tube fluid
1 2 3 . 1 2 3
Number of transfer units NTU = A, U/C Number of transfer units NTU = A U/C,

min

Effectiveness &, %
Effectiveness €, %
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{¢) One-shell pass and 2, 4, 6, ... tube passes (d) Two-shell passes and 4. 8, 12, ... tbe passes
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Effectiveness g, %
Effectiveness €, %

Unmixed fluid
| | | |
1 2 - : z 4 5

Number of transfer units NTU = A, U/C, Number of transfer units NTU = A, U/C,

min

(e) Cross-flow with both fluids unmixed (1) Cross-flow with one fluid mixed and the
other unmixed

S s s Sy AlS 3 35 g oyl > du.:j\r.@.‘ldj‘-l?:ju)‘ﬁjaj 4 gazms 53 O g (gl gas AL andls 3

3,8 eslatal Lol gy 51 lsges (Sloms U185 o poomen

Heat exchanger
type Effectiveness relation

1 Double pipe:
1 —exp [=NTU(1 + ¢)]

l+¢c
1 —exp [—NTU(1 — c)]
1 —cexp[—NTU(1 — ¢)]

Parallel-flow

Counter-flow

2 Shell and tube:
One-shell pass
g

2,4, ...tube
passes

Cross-flow

(single-pass)

Both fluids

unmixed == 1 — exp {
Coae Mixed,

C..i, unmixed > (1 —exp{l—c[l — exp (—=NTU)}
Cinin Mixed, 1

C..., unmixed e =1 — exp {— o[l —exp (-c NTUH}
All heat

exchangers : =1 — exp(—NTU)
withc =0

1+c+ V1 +c2

1-+expf—NTUxf14fcﬂ}‘l
1 —exp [-NTUV1 + ¢7]

NTUO-22

=— [k T —o NTUR6) — l]}
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c= min

C

max

035k (o @

1G5kl pled o

NTUK;A&SJDJ_A:JL-s—ﬂOJL‘-:—A-A"°u°)u‘6u)‘>wdm)‘d“ty@wj C—mme g&asmdb-u.l\)b

max

J)jik;s«ﬂub\)NTU‘)LM?JJ@ﬁbﬁwu&\)‘)\dwtyﬂwth‘))&&s@d\j&ﬂw-&I‘-;ﬂwub

Heat exchanger type NTU relation

1 Double-pipe:

Parallel-flow NTU = 01— sl +c)l

1+c¢

Counter-flow NTU In ( k| )
1 gec — 1

Shell and tube: _ ,

:—1—c— V1 +c*
One-shell pass NTU = —— 1 |n(2f'lf‘ i *'v.l C,
2,4, ... tube passes V1i+eZ \2e—-1-c+ V1+cZ

Cross-flow (single-pass)
Crnax Mixed, —In {1 e

In {1 — ECW
Crin Unmixed

C

Crmin Mixed,

Cmax Unmixed =
All heat exchangers 1 _
.ot In(1 — &)

Infcin(l — &)+ 1]
c

max

Ll o e

NTU=-In(1-¢)

B
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Ll 38 o e e sl oy IS (b S Uil s 5 100007kgC Lo, 518 o505 sle S5 o ol
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(Solid Angle) .l 4,3
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C, =1.439 x10* um k
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Blackbody radiation functions f,

AT, AT,
pm - K T pm- K i

200 C.000000 6200  0.754140

400 0.000000 6400  0.769234

600 0.000000 6600 0.783199

800 0.000016 6800 0.796129
1000 0.000321 7000  0.B08109
1200 0.002134 7200  0.819217
1400 0.007790 7400  0.829527
1600 0.019718 7600  0.839102
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&000 0.737818 100,000  0.999905
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