supplied to the heated room if this heat pump operated on the ideal vapor-compression

jL "_%_’ jb %’l’jiji 'E%i 1 OO "%‘1 $}§L£% '-'—Ei}i :Ih‘:jl i %‘ 3‘5‘ cycle between the pressure limits of 200 and 800 kPa.

. . AL 2
,/% )ﬁﬁ' QE_E’J . 1410 /’PJ‘[E:] 7}% /'5\ /?\/i _'Z_‘E_::,‘)?,j_]’_fi ,% ’Gé\ ':"-‘ﬁi EF ‘éﬁ- 3. (20%) An air-conditioning system operates at a total pressure of 1 atm and consists of a

fﬁ Ak A ﬁ 'fe—;ﬁ}? 19 %"Q“;‘%E heating section and a humidifier that supplies wet steam (saturated water vapor) at
— Bf O~ T SRR AL 100C. Air enters the heating section at 10°C and 70 percent relative humidity at a rate of

35 m*/min, and it leaves the humidifying section at 20°C and 60% relative humidity.
Determine (a) the temperature and relative humidity of air when it leaves the heating
section, (b) the rate of heat transfer in the heating section, and (c) the rate at which

water is added to the air in the humidifying section.

I ARRAEL R A > Bup it 100 5 -
2. EARAKRA - FHAGRMEL > FodrA -

3. eNEENALLEAZEEMAMS  FARTHA - » g 410G
coils i Humidifier
1. (20%) A two-stage compression refrigeration system with an adiabatic liquid-vapor 10°C \QQQMM AIR {: Jooc
separation unit shown in Fig. P1 uses refrigerant R-134a as the working fluid. The system ;g":ﬁhﬁ;‘“’ 95 kPa Z—“" 60%
operates the evaporator at 0.4 MPa, the condenser at 1.6 MPa, and the separator at 0.8 —
MPa. The compressors use 25 kW of power. Determine the rate of cooling provided by ® @ @
the evaporator and the COP of this cycle. The refrigerant is saturated liquid at the inlet of Fig. P3
each expansion valve and saturated vapor at the inlet of each compressor, and
compressors are isentropic. 4. (20%) Water at 38°C is to be cooled in a cooling tower which it enters at a rate of 4500

kg/h. Humid air enters this tower at 1 atm, 15C, and 20 percent relative humidity with a

5 I ™  Condenser QH dry air flow rate of 3000 kg/h and leaves at 24°C and 0.018 kg H,O/kg dry air. Determine
4 750 kPa t ' 8003,@3 the relative humidity at which the air leaves the tower and water’s exit temperature.
] Compressor 3 v 55°C
T ' ;3 Condenser "
1
1 Expansion Expansion 2 .
8 Wi 5. (20%) The drinking water needs of a production
I valve Compressor — ) Cold water
' “ facility with 20 employees is to be met by bubbler g%a‘e‘
(- Compressor i 1 type water fountain. The refrigerated water 2
' Expansion 4 ' o A .
%_ valve ! Evaporator ; fountain is to cool water from 22°C to 8°C and
) ———
’ Evaporator le-T 6 \ Q supply cold water at a rate of 0.4 L per hour per Water
L .
person. Heat is transferred to the reservoir from o
Fig. P1 Fig. P2 the surroundings at 25°C at a rate of 45 W, If the 4L/~ person)
COP of the refrigeration system is 2.9, determine 25°C ¥
2. (20%) R-134a enters the condenser of a residential heat pump, as shown in Fig. P2, at 800 the size of the compressor, in W, that will be Refrigeration
kPa and 55°C at a rate of 0.018 kg/s and leaves at 750 kPa subcooled by 3°C. The suitable for the refrigeration system of this water Xi;et;in system
refrigerant enters the compressor at 200 kPa superheated by 4°C. Determine (a) the cooler.

isentropic efficiency of the compressor, (b) the rate of heat supplied to the heated room,
and (c) the COP of the heat pump. Also, determine (d) the COP and the rate of heat , Fig. P5
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