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ﬁ] Ebf@mm =191.81 k.”kg
Vi =¥/ groues =0.00101 m’ kg

Wpun="1('uz"ﬁ)
= (o.00101 m‘rkg[ﬁuomwkr*a{ I 3]
=0.60 klrkg Iam
hy=h+w

=191.81+0.60 =192.41 klkg

plin

h} = k.'r@ 0.6 MPz = 670.38 k.lf'kg

Mixing chamber:
., ot ..
Ey=Ey =ﬂ£ﬂy!l:m e =0—f, =£,,
Zm,.a, =Zn‘=,5, —— gy = tiyhy + gk
ghy + mghy _ (22.50)192.41)+ (7.50)670.38)
ity 30
Ve =V g ansoung = 0001026 m’/kg

h = =311.90 kl/kg

T
Wonin = "4(Ps = ﬂ)

= {0.001026 m*/kg}7000 - 600 kpa{l k;"’ 3]

=657 kl/kg ks

hﬂ T h +. wp”Jl‘l

=311.90+6.57 =318.47 klkg

P,=7MPa | i, =3411.4 klikg
T, =500°C s, =6.8000 klfkg - K

P, =0.6 MPa
5, =5

}k, = 2774.6 kikg

- 6.8000-0.6492
L 7499
hy = hy + xghg =191.81+(0.8201)2392.1) = 2153.6 ki kg

= 0.8201

B =10kPa }xs =

5y =58

WT,mt ="-"a(ha =iy )"'-"ﬁu[h? ‘hs)
=(30 kg/s(3411.4-2774.6 kJikg + (22.5 kg/s 2774.6 - 2153.6 ) /kg = 33,077 kW
Woin =ty Woyn +titgWoy s = (22.5 kg/s)0.60 ki/kg)+ (30 kg/s)6.57 kI/kg) = 210.6 kW

W = Wr gy =Wy =33,077-210.6 = 32,866 kW

A-AF pg0 Jlowas


http://unip.ir

=

alag il 8 T\
O Puphl 3 gt 1T Masd

¥ Soladge 5 33 ol

VPN VY 551 Jobd ScuilSo smsiits

WWW.20FILE.ORG
. .t stiplsy albiln \\V[/é

(DS 2 lguwr 5y 55

Ve g g i) o] ol

Assumptions 1 Steady operating conditions exist. 2 Helium is an ideal gas with constant specific heats. 3 Kinetic and

potential energy changes are negligible.

Properties The properties of helium are ¢, = 5.1926 kl/kg'K
and k= 1.667 (Table A-2),

Analysis (a) From the isentropic relations,

(k=1)/k
5, - ?;(%} :{2631(13)0.667.-11361' — 408 2K
1

P (k=1)/k | 0.667/1.667
T,=h = =(323K(—) =208.1K
' P, 3

min

T e
qr=h’ i3 » Ty=T, =71 - Ty, ) =323 -(0.80)(323 - 208.1)

by~ T =T
=2 1o 1 T=T+(T, =)/ e =263 +(408.2 - 263)/(0.80)

7
¢ h-h -7 =4445K

(b) The COP of this gas refrigeration cycle is determined from

Whetin +~ Weompin = Wurb,out
(hy — by ]—("13 -h,)
___ T-T,
(%-7)-(5-7,)
263-231.1
(444.5-263)-(323-231.1)

=0.356

(¢) The mass flow rate of helium is determined from

; 18 kJ/
Ornfrlg - =0.109 kg/s

R Qrcﬁig - Or:l'fig " _
q  h-hy ¢ (F-T,) (5.1926k)kg-K)|263-23L1)K
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Analvsis (a) A relation for Awu is obtained from the general relation

T L &P
A=, —u, =L c.,dT+L [T[a_rl, —P]dv

The equation of state for the specified gas can be expressed as

==

RT _(ap __R

v—a cT v_v--a

Thus,
T(.‘_?.f_ —P = R¥ —P=P-P=0
cr J,. v—a

T
Substituting, A = J'r’ e, dT
1

{H) A relation for Ak is obtained from the general relation

T, P,
An=hy—hy = [cpdT+[ |- 2 ar
n A or ),

The equation of state for the specified gas can be expressed as
f B _R
“\er), P

0—7{2) = —T = —(r—al)=a
T Jp

Substituting,

Thus

T ] T2
M = s cpdT+_L adP=J;i cpdT+a(P2 -5B)

{c) A relation for As is obtained from the general relation
™ C Py
ﬁs=52—s]=jz_.f_d1“'_j (g_'f_ aP
n T s \ 8T
Substituting (W& )= R/T,

T Cc =3 T C P.
As=.|-l~—f-d'?‘—j' (ﬁ) daP=| 2P ar_Rin=2
n T a\ P, n T P,

For an isothermal process d7 = 0 and these relations reduce to
£

Ash=a(Py, —PF) and As=—RIn
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Properties The inlet and the exit states of the air are completely specified, and the total pressure is | atm. The properties of
the air at various states are determined from the psychrometric chart (Figure A-31) to be

h, = 23.5k)/kg dry air

@, =0.0053 kg H,O/kg dry air (= ) Sat. vapor
y 100°C

oy

Humidifier

v, = 0.809 m* /kg dry air
hy = 42.3kJ/kg dry air

@, =0.0087 kg H,O/kg dry air 10°C MM 20°C
o T0% .

Analysis (a) The amount of moisture in the air remains 95 3, . < 60%

constant it flows through the heating section (@ = ), : J

but increases in the humidifyving section (&, > @,). The @ @ @

mass flow rate of dry air is

_I'.v"l " 35m’ / min

Se—= —'—3'— = 43.3 kgmm
v, 0.809m” kg

]

Noting that Q= W=(), the energy balance on the humidifying section can be expressed as
Al (steady) 0

Ein = Egy = AEsysu:m
Ein = Euul

Ligh =Lih, —— i+ iy by =i by
(@3 =a,)h, +h =,
Solving for hs,
By = hy = (@93 =03 ) g agec =423~ (0.0087-0.0053)(2675.6) = 33.2kJ/kg dry air
Thus at the exit of the heating section we have @, = 0.0053 kg H,O dry air and h; = 33.2 kJ/kg dry air, which completely
fixes the state. Then from the psychrometric chart we read
T, =19.5°C
d, =37.8%
(b) The rate of heat transfer to the air in the heating section is
Q,, =, (hy - Iy) = (43.3kg/min)(33.2 - 23.5) k/kg = 420 kJ/min

() The amount of water added to the air in the humidifying section is determined from the conservation of mass equation
of water in the humidifying section,

i, = i, (@; - ;) = (43.3 kg/min)(0.0087 - 0.0053) = 0,15 kg/min
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Assumpiions 1 Both the reactants and products are wdeal gases. £ Combustion 1S complete.

Analysis The theoretical combustion equation of C¢Hg with
stoichiometric amount of air is ’ Q

CHq(g)+ a, (0, +3.76N, )} —— 6CO, + 3H,0 +3.76a, N, CeHgr Air
25C, 1 atm

where ay, is the stoichiometric coefficient and is determined from the O, balance, l

ay =6+1.5=75 1000 K

Then the actual combustion equation with 30% excess air becomes
CHg(g)+9.75(0, + 3.76N, ) — 5.52C0, + 0.48C0O + 3H,0 + 2.490, + 36.66N,

The heat transfer for this constant volume combustion process is determined from the energy balance E,, — E,,, = ﬁES:,.mm

applied on the combustion chamber with W= 0. It reduces to
= Qu = Y N7 + =5 = P7), =3 N7 + 5 -7 - P7),

Since both the reactants and the products behave as ideal gases, all the internal energy and enthalpies depend on temperature
only, and the P¥ terms in this equation can be replaced by R, T.

It yields

= Qo = Z NP[H:""ELDDDK T _RuT]_p _Z NE[—}_RuT]R

since the reactants are at the standard reference temperature of 25°C. From the tables,

EE Enn K Hm«m K
Suhmaner kJ/kmol kJ/kmol
CeHs (8)
0 8682 31,389
0 669 30,129
-241,820 9904 35,882
-110,530 8669 30,355

-393,520 9364 42,769

-Q,, =(5.52)-393,520+ 42,769 —9364 -8.314x1000)
+{0.48){~-110,530+30,355 - 8669 - 8.314x 1000)
+(3)-241,820+ 35882 —9904 —8.314x1000)
+(2.49)0+ 31,389 - 8682 —8.314x1000)
+(36.66 {0+ 30,129 —R669 - 8.314x1000)
—(1)(82.930-8.314% 298 )—(9.75)4.76 - 8.314 % 298)

=-2,200,433 kI

Qo = 2,200,433 kJ
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