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Symbol|Unit|Value Equation Note
thi °C | 93.3 Inlet temperature of hot fluid
tho | °C | 75.6 Outlet temperature of hot fluid
tei °Cc |211 Inlet temperature of cold fluid
t.o | °C |65.6 Outlet temperature of cold fluid
A, | °C | 54.5 At =t -1 Temperature difference 1
A, | °C | 27.7 At =t -1, Temperature difference 2
(@)
At —At,

At | °C | 39.6

At =t 2
™ In(At, /At,)

Mean temperature difference

Temperature correction factor for counter

F - 11.00
flow
(b)
t,. —t
R - 1 0.40 R=-" Mo Parameter
tc,o_tc,|
t -t
P - 10.62 =2 = Parameter




1-P
In
[l— RP} Temperature correction factor for cross-
Fee | - [092|F=
R flow
(R=1)In
R+In(l-RP)
Atpcr | °C | 36.2 Mean temperature difference
o M 11.12] sHA
Case Method of solution F Aty
(@ =7 Eqg. (11.1) 1.00 | 39.6
)18 #E 2= &4 WAF Fig. 11.5 0.92 36.2
(c)4€ = 7H o4 WA Fig. 11.6 0.94 37.2
(d2€e & H=2E 717 g Fig. 11.7 0.99 39.2
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AFEE 10°C Q1 FExs5715 WAy Gudhr)o A a2 oste] 7HE =,
=2 g TV vEFo|gtar 7FAS Y B2 60°CollA] 20 L/se FHow
Zolex gt F71Y AAFHFES 30 mi/s olth. Wk dwdr)el ,4,~100
kW/°C Q1 A5 3719 =9 7258 Totod
Z0|
Symbol| Unit | Value Equation Note
V, m/s 30.0 Volume flow rate of air
v, | m¥kg | 0.8116 Specific volume of air
W |kgw/kg.|0.007661 oA 8.4 = Humidity ratio
Coa |kJkg.K| 1.00 Specific heat of air
Cow |kJ/kg.K| 1.86 Specific heat of vapor
V.ic,. +c W
MaCpa | KW/°C| 37.5 m,Cp, = a( pav = ) Heat capacity of air
S
Vi m/s 0.02 Volume flow rate of water




vy | m¥kg |0.001017 Specific volume of water
Cu |kJkg.K| 4.187 Specific heat of liquid
Vprw f .
MuCow | KW/°C | 82.3 MCou,t = y Heat capacity of water
w
Cmin | KW/C| 375 Minimum heat capacity
Cmax | KW/C| 82.3 Maximum heat capacity
Cmax -
Cr - 0.455 C,=—— Ratio of C
min
U,A, | kW/°C| 100.0 U times A
U Number of heat Transfer
NTU - 2.67 NTU =— A _
Cmin Unit
1 _
g - 0.759 |&= . [L—exp(—c,[1-exp[-NTU])]|  Thermal effectiveness
r
thi °C 60.0 Inlet temperature of water
te °C 10.0 Inlet temperature of air
0 _ tc,o _tc,i .
teo C 47.9 &= ﬁ Outlet temperature of air
hi — e
tho °C 42.7 M,Cpa (tm —1;; ) M,C ot (t _th,o) Outlet temperature of water
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dxo] Aok &4 AR 23 2t} a=0.043m,c=0.0381m, x, = 0.7l mm, r; =
6.34 mm, 2y = 0.254 mm, P; = 3.175 mm, A,; = 0.0354 m?/m, A,,= 0.0368 m’’m, A, = 0.0375
m?/m, A = 0.948 m¥m, 2L A, = 0.985 m%/m. (a) T+<F he,= 56.8 W/m*K, h; = 3407
wim*K 18]a # Aol dFuEel Ag 7H7te] dAgy FHIAGATE T
AL, (b) el Ado] Tl A9 (@ thAl AXtsHA L. () heo = 28.4 WIM*K &
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=0|
Symbol| Unit @ (b) (©) (d) Note Equation
a m 0.0430 | 0.0430 | 0.0430 | 0.0430 Row pitch
c m 0.0381 | 0.0381 | 0.0381 | 0.0381 Tube pitch
r m | 0.00634 | 0.00634 | 0.00634 | 0.00634 | Radius of tube
r m 0.0228 | 0.0228 | 0.0228 | 0.0228 | Radius of fin r,=+ac/z
L m 0.0165 | 0.0165 | 0.0165 | 0.0165 Fin height
Tube wall
Xp m | 0.00071 | 0.00071 | 0.00071 | 0.00071 .
thickness
y m  |0.000127|0.000127|0.000127|0.000127| Fin thickness
rofry - 3.60 3.60 3.60 3.60
Conductivity of
kp |W/m-K| 207.7 )
fin
heo |W/m-K| 56.8 Tube outside h
hi |W/m-K| 3407 Tube inside h




mL - 0.765 | 0.562 | 0.541 | 0.765 mL=L hcyo/ky
) - 0.73 0.83 0.84 0.73 Fin efficiency Fig. 11.11
Api m?m | 0.0354 | 0.0354 | 0.0354 | 0.0354 |Tube inside area
) Tube outside
Apo | m7m | 0.0368 | 0.0368 | 0.0368 | 0.0368
area
) Tube average
Apm | m7m | 0.0375 | 0.0375 | 0.0375 | 0.0375
area
Ar m*m | 0.948 0.948 0.948 0.948 Fin area
A, m*m | 0.985 0.985 0.985 0.985 Outside area
Ap ol Ar - 0.0388 | 0.0388 | 0.0388 | 0.0388 Area ratio
, Resistance of
Ri |m*K/W|0.00817 | 0.00817 | 0.00817 | 0.00408 _ R =A/A;h
tube Inside
Resistance of
R, |m’-K/W|0.000090|0.000048|0.000090/0.000090 _ R, =AX,/A, kK,
Pipe wall
R 2.K/W| 0.00618 | 0.00344 | 0.00641 | 0.00618 Resistance of R, = [ 1-¢ ]
m* . . : . = —
F Fin - hc,o P+ AP,O/AF
) Resistance of
R, |m~K/W| 0.0176 | 0.0176 | 0.0352 | 0.0176 ] R, =1/hc,0
tube Outside
R, |m?K/W| 0.0320 | 0.0293 | 0.0499 | 0.0280 |Total resistance R = Z R
%R; - 25.5% | 27.9% | 16.4% | 14.6% | %ofR;inR;
%R, - 0.28% | 0.17% | 0.18% | 0.32% | % of RpinR;
%R - 19.3% | 11.8% | 12.9% | 22.1% | % of Rrin Ry
%R, - 54.9% | 60.2% | 70.6% | 63.0% | % ofR,inR;
U, |W/m-K| 312 34.2 20.0 35.8 Overall h U, =R,
oMl 11.4
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Symbol Unit Sl value Note Equation
A m 0.0172 tube outside diameter
B m 0.0381 tube spacing across face
C m 0.04450 tube spacing between rows
D m 0.00382 spacing of fins
E m 0.0004 thickness of aluminum fins
Dy, m 0.00032 flow passage hydraulic diameter 4ry,
Aot - 22.86 external surface/face area
Aol - 19.31 external surface/internal surface
AdAx - 0.497 minimum flow area/face area
AlA, - 0.905 fin surface/external surface




Ap ol A - 0.105 fin surface/external surface
(a)
Ax m? 2.23 face area A, =V / Uy
(b)
thi °C 107.3 inlet temperature of hot vapor
tei °C -6.67 inlet temperature of cold air
tho °C 107.3 outlet temperature of hot vapor
teo °C 65.6 outlet temperature of cold air
Aty °C 41.8 inlet temperature difference At =t -1,
At °Cc 114.0 outlet temperature difference At, =1, -t
. ) At —At,
Aty C 71.9 mean temperature difference m
F 1.0 temperature correction factor cross flow
@e=1
V m3/s 5.66 volume flow rate
P, Pa 96552 ambient pressure
Psatg Pa 34483 gauge pressure
P Pa 131034 steam pressure
Usr m/s 2.54 frontal velocity
hy | Wim?K 6814 tube inside h Eq. (2.63)
hgi | W/m*K | 11357 tube inside h Table 2.3
N o 354 mean ter-nperature. of air t,=t, — At,
for air properties
Y7, Pa:s | 0.0000189 viscosity of air
Cp Jkg-K 1009 specific heat of air
Pr - 0.706 Prandtl number of air
A kgw/kga | 0.00225 specific humidity of air oA 11.2 F=x=
Vi m*/kga 0.795 specific volume of dry air
/e kga/m® 1.26 density of air P = 1-:/W1
1




m= pV

m, kg/s 7.14 mass flow rate of air
) : : m,
G kg/s'm 6.44 mass velocity of air G= A
. GD,
Re - 1318 Reynolds number of air B
j - 0.0078 j factor Fig. 11.15
h, Pr2'®
heo | W/im?K 64 tube inside h j=—2—
Gce,
r m 0.00860 radius of tube Al2
r, m 0.0232 radius of fin
ra/ry - 2.70 radius ratio
Kin W/m-K 207.7 conductivity of fin
y m 0.00021 half of fin thickness E/2
L m 0.0146 fin height L=r,-r
mL - 0.567 parameter for fin mL = L,/h,, /ky
¢ - 0.86 fin efficiency Fig. 11.11
U, W/m?-K 44.5 overall heat transfer coefficient Eq. (11.40)
Q W 520153 heat transfer rate M,Cpa (tc,o - tc,i)
) Q
A, m 162 external surface area
U At
(c)
Nrow # 3.2 number of row
(d)
hrg.s J/kg 2.23E+06 latent heat of steam
Q
Mgot s kgls 0.23 mass flow rate of steam h
fg,s




1
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+ + +
A Ajhgg hc,o(Ap,o/AF+¢) h
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stthal 7hgeieh WA o] 223 m? o]BE FU9] ¥oli= 122 m
m 2 /@ e THE 2o §3¢ TeAe. () a7HE dREAAS Fop
©.(c) &THE #o| AolF T
Z0|
Symbol Unit Sl value Note Equation
Geometry
A m 0.0172 tube outside diameter
B m 0.0381 tube spacing across face
C m 0.04450 tube spacing between rows
D m 0.00382 spacing of fins
E m 0.0004 thickness of aluminum fins
Dy, m 0.00032 | flow passage hydraulic diameter 4ry,
Huex m 1.22 height of tube
Luex m 1.83 length of tube
Aot - 22.86 external surface/face area
Aol - 19.31 external surface/internal surface
AdAs - 0.497 minimum flow area/face area
AlA, - 0.905 fin surface/external surface
Ap ol A - 0.105 fin surface/external surface
Atace m? 2.23 face area
(a)
thi °C 93.3 inlet temperature of hot water
te °C -6.67 inlet temperature of cold air
tho °Cc 82.2 outlet temperature of hot water
teo °C 65.6 outlet temperature of cold air
Aty °C 27.8 inlet temperature difference At =t -1,
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At °C 88.9 outlet temperature difference At, =t , -t
°C 52.5 t ture diff AhoAL
Aty . mean temperature difference In(Atl/Atz)
Water
Q w 520633 heat transfer rate
Cowa J/kg.K 4187 specific heat of water
Mot wa kg/s 11.2 mass flow rate of water
Dua KQua/m® 968 density of water
Cwa W/K 46857 heat flow capacity of water
Vdotwa m/s 0.0116 volume flow rate of water
Air
Viota m*/s 5.66 volume flow rate of air
3 c e . 1+Wl
Pa kg./m 1.26 specific volume of air Pa = v
1
Cpa J/kg.K 1009 specific heat of air
Mgot.a kgls 7.14 mass flow rate of air m = pl\/
Ca WI/K 7202 heat flow capacity of air
Cr - 0.154 ratio of C Cr = Cunin/ Conax
& - 0.723 thermal effectiveness &=0Q/Quax
| (1—0@}
NTU - 1.377 number of heat transfer unit NTU = l-¢
1-c,
Ntube #Irow 32 number of tube N e = Hex /B
A\) lAface
d; m 0.014 tube inner diameter P = :
I A)ﬂLHEX Ntube/Api
2
Ay m?row | 0.00518 inner cross area A, = %

11



Via m/s 2.23 velocity of water v, =
A,
Kwa W/m.K 0.675 conductivity of water
Lhwa Pa.s 0.000313 viscosity of water
V. d
Reya - 99226 Reynolds number of water Re,. = Pua ey
Hua
Pruya - 1.94 Prandtl number of water
Nu,, = 0.023Re2? Pr>?
NUya - 279 Prandtl number of water
Nu, kK
he; W/m?K | 13104 tube inside h h, = %
i
Fouling
hyi W/m>K | 11357 tube inside h
Air
\Y m/s 2.54 frontal velocity
tm °C 40.8 mean temperature of air t, =1, —At,
7 Pa.s |0.0000189 viscosity of air
Pr - 0.706 Prandtl number of air
A kgw/kga | 0.00225 specific humidity of air oA 11.2 F=
Vi me'/kga 0.795 specific volume of air
: N ,
G kg/s.m 6.44 mass velocity of air G= K
. GD,
Re - 1318 Reynolds number of air p
j - 0.0078 j factor Fig. 11.15
h. Pr?’3
he,o W/m*K 64 tube inside h j=—0—
Gce,
r m 0.00860 radius of tube Al2
r m 0.0232 radius of fin
ro/ry - 2.70 radius ratio
Ksin W/m.K 207.7 conductivity of fin
y m 0.00021 half of fin thickness E/2
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L m 0.0146 fin height L=r,—1
mL - 0.567 parameter for fin L=r,—1
¢ - 0.86 fin efficiency Fig. 11.11
Over all
U, W/m?.K 47.4 overall heat transfer coefficient Eqg. (11.40)
Q w 520153 heat transfer rate M,Cpa (to —tei)
) Q
A, m 209 external surface area
U, At
(c)
N # 4.1 number of row NP
. row
o As,i Aface
1
U =
"TA A I-¢g 1
Ap,ihi Ap,ihd hc o(Ap o/AF + ¢) hc,o
oAl 11.6

oA A 11.3%} &L
B A2k 267°C, €9
= 72°C ot} o|R %
7ok h,= 56.8 W/m*K, h; = 3407 Wim?K, 3 A 2d& %@%u]g [Res kF—2077W/mK
A o 747 AT FTLAIAAEATE T L. (b) 7Bl FellA ke = 385.9 WimK
oli YA = (@) FY3Th (c) heo = 28 olal UMz = (a)9} Fdsic},
(d) h; = 6814 W/m*K o] UM A= (a)¢} 5L st}

Z0]|
Symbol|  Unit (@) (b) () (d) Note 231 AL )
a m 0.0430 | 0.0430 | 0.0430 | 0.0430 row pitch
c m 0.0381 | 0.0381 | 0.0381 | 0.0381 tube pitch
ry m 0.00634|0.00634|0.00634 | 0.00634 radius of tube
Iy m 0.0228 | 0.0228 | 0.0228 | 0.0228 radius of fin
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L m 0.0165 | 0.0165 | 0.0165 | 0.0165 fin height
Xp m 0.00071{0.00071|0.00071|0.00071 | tube wall thickness
y m 0.000127/0.0001270.000127/0.000127|  fin thickness
ralry - 3.60 3.60 3.60 3.60
Yw m 0.000127/0.0001270.000127/0.000127|  film thickness
t °C 12.8 12.8 12.8 12.8 pipe temperature 714
refrigerant
tr °Cc 7.2 7.2 7.2 7.2
temperature
h, of saturated air at
hsp kJ/kg 36.2 36.2 36.2 36.2 .
P
hs of saturated air at
hsr kJ/kg 23.1 23.1 23.1 23.1 .
R
br" | kJ/kg°C | 2.36 2.36 2.36 2.36 dh/dt
assume fin
twm °Cc 15.6 15.6 15.6 15.6 714
temperature
bum | kJ/kg°C | 2.87 2.87 2.87 2.87 dh/dt
W kgw/kga 0.01 0.01 0.01 0.01 assume W
Cpa J/kga.K 1.02 1.02 1.02 1.02 | specific heat of air
K W/mK | 0592 | 0592 | 0592 | 0.592 |conductivity of water
Ksin W/m.K | 207.7 | 385.9 | 207.7 | 207.7 | conductivity of fin
heo | WIMK | 56.8 56.8 28.4 56.8 tube outside h
how | W/M>K | 1545 | 1545 | 78.6 | 1545 tube outside h
hi W/m?.K | 3407 | 3407 | 3407 | 6814 tube inside h
mL - 1.26 0.93 0.90 1.26
mriF - 1.83 1.34 1.30 1.83
tanh(mr,
o - 052 | 065 | 066 | 052 fin efficiency |4y = tanh(my )
mry
h kJ/kg 57.02 | 57.02 | 57.02 | 57.02 h at inlet
tp °Cc 12.4 13.1 11.0 104 pipe temperature
hswm kJ/kg 46.1 44.4 40.7 43.7 hs at tym
confirm of fin _
twm °Cc 16.4 15.8 14.5 15.6 714 &kl
temperature

14



A m’m | 0.0354 | 0.0354 | 0.0354 | 0.0354 | tube inside area
Aso m?/m 0.0368 | 0.0368 | 0.0368 | 0.0368 | tube outside area
Apm m?m | 0.0375 | 0.0375 | 0.0375 | 0.0375 | tube average area
Ae | mim | 0948 | 0.948 | 0.948 | 0.948 fin area
A, m?/m 0.985 | 0.985 | 0.985 | 0.985 outside area
Ap ol Ar - 0.0388 | 0.0388 | 0.0388 | 0.0388 area ratio
Riw |m*.kJ/W.kg 0.01923|0.01923|0.01923 | 0.00962 resistanc-e of tube
Inside
Rew | M2K/W [0.01598|0.00943|0.01763|0.01598 | resistance of fin
Row | M2.K/W | 0.0186 | 0.0186 | 0.0365 | 0.0186 resistance. of tube
outside
Rew m2.K/W | 0.0538 | 0.0472 | 0.0734 | 0.0441 total resistance
%R w - 35.8% | 40.7% | 26.2% | 21.8% % of Rjin Ry LLR
%Rew - 29.7% | 20.0% | 24.0% | 36.2% % of Re in R; ELRG=
%Row - 34.5% | 39.3% | 49.7% | 42.0% % of R, in R LRy
Uow W/m?.K 18.6 21.2 13.6 22.7 overall h

w =(r,/r, —11+0.35In(r, /)]
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60
| hg=10.33 + 1.434 t + 0.04605 t2

, °C
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