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0.02 m3/s 

Higher reservoir 40 m 

irr 	 

Pump 15 kW 

W141 2 91f1 6 

• 

Lower reservoir 

Water p = 1000 kg/m3 

1. Water is pumped from a 
lower reservoir to a higher 
reservoir by a pump that 

provides 15 kW of shaft power 
as shown in the figure. The 
length of suction pipe is 80 m, 

and submerged length from 
water surface to pipe inlet is 40 
m. The flow rate of water is 0.02 
m3/s. Determine mechanical 
power that is converted to 
thermal energy during this 

process due to frictional effects. 

(20 finath) 
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2. A piston-cylinder device contains 0.1 m3  of liquid water and 0.9 
m3 of water vapor in equilibrium at 800 kPa. Heat is transferred at 

constant pressure until the temperature reaches 350°C. (20 K-,LLui.,1) 

(a) What is the initial temperature of the water? 

(b) Determine the total mass of the water. 

(c) Calculate the final volume. 
(d) Show the process on a P-v diagram with respect to saturation 
line. 
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3. Ethane at 10 MPa and 100 °C is heated at constant pressure until its volume has 

increased by 60 percent. Determine the final temperature using (a) the ideal gas equation 
of state and (b) the compressibility factor. Which of these two results is the more 

accurate? (20 fitilmi) 
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4. A well-insulated rigid tank contains 5 kg of a saturated liquid-vapor mixture of water at 
100 kPa. Initially, three-quarter of the mass is 
in liquid phase. An electric resistor placed in 
the tank is connected to a 110-V source, and a 
current of 8 A flows through the resistor when 
the switch is turned on. Determine how long it 
will take to vaporize all the liquid in the tank. 
Also, show the process on a T-v diagram with 
respect to saturation line. (20 flni1114) 
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5. A rigid tank containing 0.4 m3  of air at 400 kPa and 30°C is connected by a valve to a 
piston-cylinder device with zero clearance. 
of 200 kPa is required to raise the piston. 
The valve is now opened slightly, and 

air is allowed to flow into the cylinder 
until the pressure in the tank drops to 

200 kPa. During this process, heat is 

exchanged with the surroundings such 
that the entire air remains at 30°C at all 
times. Determine the heat transfer for 

this process. (20 ftliwt4) 

The mass of the piston is such that a pressure 

Air 

T=constant 

Frictionless 
Piston 
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