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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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(Compact Heat Exchanger).s .3 5,/ > Jiw
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(Overall Heat Transfer Coefficient) Js o )l > J&il <y 2

U=

b
RIOIA

q=UAAT
i 5 1y S ol Il g s (A )3 e i sl 2 b (A )p S s e lis 2 U150 Sl e G sl
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ol 0 e:\:d)Jq-)bU uu_;ﬁﬂbu.d e)\ybwjd.)wt}.:ud&.m

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*

S s s Sy AlS 3 35 g oyl > JLE:J\V,@_AJJ\J?)LA)\:}Q_}@M): B Joader AL atals &b
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ol B IS8 il s ol 5SS a sl (655 45lse 58 L
dq = -mc,,dT, =-C,dT,
dg =m., dT, = C_dT,
Ol ys as
C,=myc,,,C.=mc,.
2,5 0l p3 Coso w Ols o 1, dA cla.“;}u,;uﬁdu;;\@tjbj\
dq=UATdA
el 3 50 S IV o ad e les N AT =T, =T s
AT =T,-T, = d(AT)=dT, —dT,

.m;SJad)\.lﬁiLq- G g slae 53 563,50 Gy amio VU NVslee i 1, dT),dT,

11
d(AT) =—dg(— +—
(AT) CI(Ch Cc)

(6,8 I 5 6 il L dg=UATdA
2 2
d(AT) = ~UATdA(—+ = 9ED _ Ly Ly | CACTD N [EZE
c, ¢ AT ¢, C. | AT c, C’
ALy - yact+ Ly

In(
AT, c, C

q= mccc(T;,o _T;,i) = Cc(T;,o _Tc,i) = Cc :T—

q=mc,(T,,-T1,,)=C,(1,,-T,,)=C, -4
Th,i _Th

AT, I 1
Pl ol g ln(A_é) :_UA(Eh"'F) 53 SIS 5 58 wlle 51 G5 C, sl 03ls L1 3 L

,0

c

— T,

AT, T
In(==2) = —UA(-
(AT) (

T;o_T;i UA
+——)=—[7, - T.) - T, ~T,)]
1 q q q

g UA
in(AL2
AT,

(7, —T.) =T, ~T.,)]

21 (51 50) e L2 b oo S slde sl

AT; = (Th,i _Tc,i)’AT2 = (Th,o _Tc,o)

e SISEEY
AT, — AT,
AT,
AT,

q=UA
In(




Altrezabaheri.blogfa.com Pl Jib) sgpa

s el g (AT},) oz s Lo 20 slos G

q =UAAT,,

Ap AL -AT,

Im
ln(AT2)
AT,

e 0L sl ol

AT =(T,,-T.,).AT, =(T,,—T.))

:J;ebu.:.w\ Q)\j} Jm‘)‘wuxﬂ‘é‘fﬁ) 4.]4:\))\ Q\):L;OLML: sziibz;);)\ Jonjf‘

q = FUAAT,,

)‘ ebmﬂ\bdwtybwgﬂ)‘m&gwb&mwﬁ ‘)F é}ﬁ @\)JJD}J&@JL&A\ oo QL.:J}AT;m )‘6
Loady sl a b gany ol SO Ll dg) ann s sl sl (a),ls el .,\;_Tdag;m,b. Sl 392 50 &S ol ls 50
ol SOl Gl (e )losed Oler e L ol o b a0l 50 L ledn L (D)l 50l 50 o s
s ot by s S KL 5,0 0L b SO sl 6l (d) 13505 5 0is b Jlw 55 2 b 5,0 OL >

.J})L;AJK{ IR .Jo}bujirb
1.0

0.9 :
' \

NS
\
\

i N

7
\

0.8

4.0}3. El

0.4
0.7 :
' \

\ \‘.
0.6

WAVE WAV

0.5 | HA | |

0O 01 02 03 04 05 06 07 08 09 10 P=fg—

Correction factor F

) One-shell pass and 2, 4, 6, ete. (any multiple of 2), tube passes

1.0

~ T~ g

0.9 N ™
\ \\ \,

0.8 . Wi W

. 0

0.7

—
— gy
B e

[

o~

Correction factor F

06l T.-T \
-1 |

0.5 [ | |
0 01 02 03 04 05 06 07 08 09

() Two-shell passes and 4, 8, 12, etc. (any multiple of 4), tube passes

Yo




Altrezabaheri.blogfa.com Pl Jib) sgpa

1.0

0.9

0.8

0.7

Correction factor F

0.6 ~p ATy Ty \ T

- L
5L [ 1 \
0 01 02 03 04 05 06 07 08 09 10 P=

-0
T -1,
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(d) Single-pass cross-flow with one fluid mixed and the other unmixed
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Unmixed fluid
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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
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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 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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Heat exchanger type NTU relation

1 Double-pipe:

Parallel-flow NTU = 01— sl +c)l

1+c¢

gc— 1
Shell and tube: .

p= ] e AT F g2
One-shell pass NTU = —— 1 |n(2f'lf‘ i *'v.l C,
2,4, ... tube passes V1i+eZ \2e—-1-c+ V1+cZ

Counter-flow NTU In ( k| )

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

In {1 — ECW
Crin Unmixed

C

Crmin Mixed,

Crax Unmixed -
All heat exchangers 1 _
.ot In(1 — &)

Infcin(l — &)+ 1]
c

max

Ll o e

NTU=-In(1-¢)
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2
Sl e S 5L S Il s 5 (o5 e w53 53) Jls o sl b bl Ol e 5 Jlte 5ol Jk

. 7 .. 7 W Z
gs-’j)jgsu-’jdli)}Cfv\-_’_fg-’J]‘-’JJ\)Ahzél'omzLf\f)SW&;}tMJUzloofcL)J\JJ)[SWC}G‘N
m

o)




Altrezabaheri.blogfa.com Pejlp JEB) sgja

S8 Jaml &5 ol 4l s 25C 5 1.5kg/s & 58 o555 sbes 5 0L~ &l <l 35C ;5 1Kkg/s islis olea O

S Ol 1 OT 558 s 2 gles 5 Sl Jiee

ot
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- D o o0 s

S sl S JEl o s dsd e ol
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boapd o pll 0558 ol G103 hus S e 1 G35l ssde sl e Llg s Y el il
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Fire
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i -‘: £ ﬁir 4 r !'
e ) 5°C ¢

%

Radiation ' J
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TN ey I1/

[

(il o 0JZE]
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b Electromagnetic Spectrom -Slas! | leib (nl 45 gozes 45 558 o0 plnil 3uaze sleib 3 (5551 st
Shasbe sbsS mge Ikl g0 Job Sl 5 2 (bl S 5l

(Radio Waves) , 31, 7!l

(Infrared Rays)IR L 3 3 53l zls!

(Ultraviolet Rays)UVL iz <l sls 5l

(X Rays) -l #54!

(7 Rays)uls z1sl

(Cosmic Rays)SaulS I 5l

A, um_ Electrical
power waves

10"
10% -

10* 4| Radio and
107 4 TV waves
106
1098 4
107
10° 4
1%

Microwaves

10 4| Thermal Infrared
14 radiation
Fi F Visible

]D-\ -
1072 -
103 4
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107 4

107 4 cosmic
109 4| rays

Ultraviolet
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(Solid Angle) .l 4,3
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E,,(2.T) = —
A (e*T —1)

C, =3.742 x10°*Wum" / m*
C, =1.439 x10* um k
(Hemispherical Spectral Emissive Power of a Black Body)slw v ¢l 0 Sais b 500 015 E ,(4,7)
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(Stefan-Boltzmann Law) . 3 5 cial O 56
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G
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e Wisible light region

*'ﬂ N, ;
SR K (Solar)
2 SO0 K
!
% Locus of

UL power:
AT = ZBYE um-K

W md

E,

1] L 100K

Wavelength A. jim

(Wien's Displacement Law) -, 5 obul> 040
s U3 e a0l 5 288 Gied & e B (2,T) = (cjzl
2 (e* —1)

ol 5l Ll e SO Ky e Gl

::).\ZJM\;;.:;;
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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
1800 0.039341 7800  0.848005
2000 0.066728 8000  0.B56288
2200 0.100888 8600  0.874608
2400 0.140256 9000  0.890029
2600 0.183120 9500  0.903085
2800 0.227897 10,000  0.914199
3000 0.273232 10,500 0923710
3200 0.318102 11,000  0.931890
3400 0.361735 11,500  0.939959
3600 0.403607 12,000  0.945098
3800 0.443382 13,000  0.955139
4000 0.480877 14,000  0.962898
4200 0.516014 15000  0.969981
4400 0.548796 16,000  0.973814
4600 0.579280 18,000  0.980860
4800 0.607559 20,000  0.985602
5000 0.633747 25,000 0.992215
5200 0.658970 30,000  0.995340
5400 0.6803&60 40,000  0.997967
5600 0.701046 50,000  0.998953
5800 0.720158 75,000 0.999713
&000 0.737818 100,000  0.999905
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