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3.2 Ms@ena Iy
ashamilfezdesdiai C(kd /kg - K)qeuazar R(kd/kg — K) & uaziduans

N R .
am1ddeauiesnaindie a1sicuiidenniae Freon-12 (CCL,F,) ddinmauiianiiine

1M1 C, =0.616 (kI/kg-K) AN R =0.06876 (ki/kg-K)



3.3 MIdaNUUU Boiler

T.-T
Q =% .. (3.1)
total

=R +R., +R

convect cyl convect2
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Rrotal = + +
2atLh, 22k  2m,Lh,,
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:h—D:3.66
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total

Nu

D is the tube inside radius
~u,D  0x0.6x10°

Re = — = 0 (Laminar Flow)
v 47.5x10
v =47.56x10"°m?/s .k =0.04498w/(mk)
. 3.66x0.OA:42198 WK _ 57 g3/ (e o)
0.6x10
Audanielune a1s R-12
m (k 0 m (kg/s
V(m3)=_ ( g)3 Qv(m3/s):_ ( g/ 2
p (kg/m?) p (kg/m?)

a3 R-12 1 120 °C (393 K) P =320kPa p =971.35 k%3
wla  h =267.36kJ/kg, s, =0.9358kJ /kgk, v, =0.08236m*/s
1N W =m(h —hy)

2kW = m(267.36 — 238.38)

m = 0.069kg /s
wId Q=22
971.35

Q, = 7.1x10° m%

Aa1lsZ AN Turbine 151 80%
W, h—h

_ "Va i

Mturbine = W_S = hi _ hes

g_ 267.36-h,
" 267.36-h,

S, =S, = 0.9358kJ / kg .k
P, =0.1MPa




- h, = 238.38kJ /kgk
wld
267.36 - h,
~ 267.36-238.38
h, = 244.18kJ / kg

0.8

T, =83°C P, =0.IMPa m = 0.069kg /s

e

4
mﬂﬁumimmuumﬁ (Bernoulli’s Equation)
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/4 29 7y 29
V1 :Vz
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_Q _ 7.1><1O2 m zs _ 251m/s
A z(0.006%) m
4
21091519 3.1 92 19
V =u, =251m/s 'k =0.063W/m.K
Re=-n— =
Vv
-2
Re = £21X06-A07 _ 3,108
0.145x10"
10* < Re <5x10° 151 Laminar Flow
3.66x0.063
’, == 7" —38.43w/(m?.°C
RE2 0 0.6x1072 ( )
Q _ Tool _Too2
Rtotal
. 1 1 116

comectair T oor Lh,  27x0.005x Lx27.43 L
_In(r,/r) _ In(0.005/0.003) _0.00036

AT 24K 27.(228) L
1 1 1.38
Rconvect,RlZ = = =
2ar,Lh,, 27x0.003xLx38.43 L
3.04
Rtotal = L

Q = 0.069Kg / 5(267.36 — 244.18)k] / kg = 159w
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total

(250-120)

3.04

3.72m

Vioogilition 1 501

= ! 14
UANNYN = 278 Lmuﬂﬁ]%hlﬂ

L

27 x0.03=0.188m

ﬂ =19.78 =20 sov

0.188

Table 3.1 Physical properties of gases atmospheric pressure

0, C,, v, K, a,
Tk e K m* Woom® e P BKE
m kg.°C S m.K S
Dichlorodifluoromethane (Freon-12), CCI,F,
-50 1546.75 0.8750 0.310x 10° 0.067 0.501 6.2 0.310x 10°
-40 1518.71 0.8847 0.279 0.069 0.514 5.4
-30 1489.56  0.8956  0.253 0.069 0.526 4.8
-20 1460.57 0.9073  0.235 0.071 0.539 4.4
-10 1429.48 0.9203 0.221 0.073 0.550 4.0
0 1397.45 0.9345 0.214 0.073 0.557 3.8
10 1364.30 0.9496 0.203 0.073 0.560 3.6
20 1330.18  0.9659 0.198 0.073 0.560 3.5
30 1295.10  0.9835 0.194 0.071 0.560 3.5
40 1257.13  1.0019 0.191 0.069 0.555 3.5
50 121596 1.0216 0.190 0.067 0.545 3.5




3.4 MIRUIUAZNISIAONUUIAVDS Turbine
State 3
T, =120°C P, = 320kPa
h, =267.36kJ/kg s, =0.9358kJ/kg — K

State 4

a a a . I
AR5 @NTNIN Turbine 1311 80%

_Wa _ hi _he
nturbine - WS - hi _hes
_ 267.36-h,
"~ 267.36-h,,
s, =S, =0.9358kJ / kg.k
P, =100kPa
- h, =238.38kJ /Kkg K
awla
0.8 267.36—h,

" 267.36 - 238.38
h, = 244.18k] / kg

- T,=83C
W, =0.069(267.36 — 244.18)
=1.6kw
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3.5 MIMUIUUALNIFAINUVYUIAVUDY Compressor
State 1

T, =70°C P, =100kPa

h, = 235.46kJ/kg s, =0.9276kJ/kg — K

State 2

a a a I
Anlsz@NTAIW Compressor 111U 80%

_Wa _ hi B he
Pere iy,
_ 23546-h,
235.46—h,,
s, =, = 0.9276kJ / kg k
P, = 320kPa
- h,, =263.9kJ /kg.k
a1
08= 2;:_2’;? 26h§.9
h, = 258.21kJ kg
-T, =107°C

W, = 0.069(258.21— 235.46) = 1.57kw



3.6 MIMUINUALNITO9NUVUY Condenser

State 4
T,=83°C  h, = 244.18 '%g P, =100kPa
State 1

P, =100kPa T, =70°C h, = 235.46 ‘%g

m° =0.069kJ /s
From
Q = mo(hl - h4)
= 0.069(235.46 — 244.18)
= 0.6kW

=600W
Air at 1 atm and 308 K

wld  p=11486kg/m? C, =1.0062kj /kg.’C
1 =1.997x10"° kg/m.s P. =0.706

From Figure 3.1 we have

A _5_0534 D, =0.3633 m

fr

< { 1A
U=22 m/s  NANUTARDYDITONII 80 km/h

Then
A
g _pu _ (1.1486)(22) — 47.32kg(m?.s)
A, o 0.534
And
Re = GD,  _(47.32)(0.3633x10°)

U 1.997x10°°
Re =8.6x107°
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From Fig.3.2, forRe = 8.6x10°%, we obtain

h

p

GC
h=0.0045—F%

=303.48W /(m?.°C)

From

Q =n'ahg,

But

n'=pn+l-p

,a=2xz(r? —r?)+2ar (1-1)

ik {m
én-(;":{':'-':l'l 3
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in pitch = 3.15 em.
Ein thickness = 0.033 cm

Tubs OD = 1026 em.  —————

in arealtotal area = 0.839
ydraulic diameter D = 0.3633 cm.

Minimum free-flow/frontal area Q = 0.534

t tranfer areaftotal valum = 587

I
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" pr* = 0.0045
GC
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Figure3.2 Heattranfer and friction factor for flow across plate-fined

circular tube matrix (From Kays and London [10].)

(47.32)(1006.2)

0.706

ag = 272'("02 - riz)

,0,=83-70=13, Q=600w
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2 Q=2x(r? —r)mh@, + 27(r? —r?) + 271, (L-t)h 6, — 27 (r2 —r*)heo,



wld
600 = 27(r2 — 0.5%)(0.9)(303.48)(L3) + 27 (r2 — 0.5%) + 277(0.5)(1 - 0.1)(303.48)(L3)
—27(r? —0.52)(303.48)(13)
600 = 22309.8(r2 — 0.5%) + 6.28(r> — 0.5) + 22309.8 — 24788.67(r> — 0.52)
600 = 22309.8r02 +5577.45 + 6.28[’02 +1.57 + 22309.8 — 24788.67 r02 —-6197.17
600 = —2472.6I’02 +21691.65
—21091.65 = —2472.6r02
r’ =85
r,=291=3 cm
L=r,—r ~3.0-0.5=2.5cm
miinauavesneLfsed
a=2x(r? —r?)+2ar,(1-t)
=27(3° -0.5%) +27(0.5)(1-0.1)
=54.97 +2.82 = 57.8cm?
a=0.58 m?



State 2

| State 1
I ressor T, =70°C
T, =107°C —p, = 100kPa

P, = 320kPa h,| = 235.46 kJ /kg
h, = 258.21kJ/kg
Condenser
Boiler T, =83°C
P, =100kPa | State 4
h, = 244.18K)/kg| S o¢
/
Turbing__]
|
T, =120°C State 3
P, = 320kPa

h, = 267.36kJ/kg

311 3.3 Tpnsmsinunaniizageg



