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QUESTION DATA

Question
A steam turbine operates as a component of a Rankine cycle. Steam is supplied to the turbine at
1000 psia and 800°F. The turbine exhausts at 4 psia. The expansion is not reversible, and the exhaust is
vapor at 100% quality. The thermal efficiency of the turbine is most nearly

Answers
(A) 59%
(B) 76%
(C) 85%
(D) 100%
The answer is (A).

Solution
Content in blue refers to the NCEES Handbook.
Define states 1 and 2′ as shown.
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Using steam tables, h1 = 1389.0 Btu/lbm, s1 = 1.567 Btu/lbm-°R, and p2 = 4 psia. h2 represents the
enthalpy for a turbine that is 100% efficient. Since the turbine is isentropic, s1 = s2. Using steam tables,
find the appropriate enthalpy and entropy values at state 2′ where 2′ = 4 psia. [Properties of Saturated
Water and Steam (Temperature) - I-P Units]
hf

= 120.87 Btu/lbm

sf

= 0.2198 Btu/lbm-°R

h f g = 1006.4 Btu/lbm
sf g

= 1.6424 Btu/lbm-°R

The steam quality at the turbine exhaust (state 2) for a 100% efficient turbine is found from the entropy
relationship.
Properties for Two-Phase (Vapor-Liquid) Systems
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Problem 14 (Continued)
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Btu

Btu

1.567

− 0.2198
lbm-°R

=

lbm-°R
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1.6424
lbm-°R
= 0.82

Use the steam quality to find the enthalpy at state 2, h2.
Properties for Two-Phase (Vapor-Liquid) Systems
h 2 = h f + xh f g = 120.87

Btu

+ (0.82) (1006.4

lbm

Btu

)

lbm

= 945.8 Btu/lbm

Since the turbine exhaust steam quality is 100%, the enthalpy at state 2′ is equal to the enthalpy of
saturated vapor, hg. From the steam tables at 4 psia,
′

h 2 = h g = 1126.91 Btu/lbm

The thermal efficiency of the turbine is
Special Cases of the Steady-Flow Energy Equation
ηs =

hi − he

=

h i − h es

h 1 − h 2'
h1 − h2

Btu
1389.0

Btu
− 1126.91

lbm

=

lbm

Btu
1389.0

− 945.8
lbm

= 0.59

Btu
lbm

(59%)
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A homeowner plans to have a contractor install a standard furnace with an efficiency of 78%. It is
estimated that the furnace will consume 1500 therms of natural gas per year. The contractor has
offered to install a high-efficiency condensing furnace with an efficiency of 92% for an additional $800.
Assuming a constant cost of natural gas of $0.85 per therm, the simple payback period of this
additional investment is most nearly

Answers
(A) 2 yr
(B) 4 yr
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The answer is (B).
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Using an efficiency equation, find the annual heat energy consumption in therms.
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The standard furnace consumes 1500 therms, so
Qout

therms)
= Qin'f'/= ( 1500 yr
(0.78) = 1170therms/yr

The high-efficiency furnace will have the same Oout but a different Oin•

1170 therms
Qin= _ _ _.;;_y_r_ = 1272 therms/yr
0.92
The annual energy savings are

therms
therms
1500 - - - 1272 - yr
yr

= 228 therms/yr

The annual cost savings are

therms)
$ -)
( 228 - ( 0.85 - h
yr
t erm
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= $194/yr

FE Chemical
(/ad min/questions/ind
sfield=discipline&stex1
Chemical)
PE Mechanical: HVAC,
Refrigeration
(/ad min/questions/ind
sfield=discipline&stex1
Mechanical: HVAC anc
Refrigeration)
PE Mechanical: Machir
Design and Materials
(lad min/questions/ind
sfield=discipline&stex1
Mechanical: Machine
Design and Materials)

1/3

6/5/2020

PPI Learning Hub Admin : Questions

Problem 55 (Continued)

Simple payback on investment is one of the most common indexes of economic merit used when
there is a need for quick decisions. The additional investment cost is divided by the annual savings
attributed solely to that investment. Payback, therefore, equals incremental cost divided by annual
savings.

C

t=-

A
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The simple payback period is

t

=

$800

$194 = 4.1 yr
yr

(4 yr)
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Question
During a routine inspection, a plant engineer discovers a section of bare overhead steam pipe. Upon
checking the plant’s maintenance records, the engineer learns that a leaking steam trap had been repaired
recently, and the saturated insulation had been removed from the pipe but never replaced. The properties of
the pipe are as follows.
length of bare section

120 ft

size

1.5 in outer diameter
1.37 in inner diameter

thermal conductivity

29 Btu/hr-ft-°F

Saturated steam at atmospheric pressure flows through the pipe at a rate high enough to prevent substantial
condensation. The average inside heat transfer coefficient is 1500 Btu/hr-ft2-°F. The average outside heat
transfer coefficient of the bare pipe in still air is 2.0 Btu/hr-ft2-°F. The air in the plant is at 60°F and 14.7 psia
and is normally still. The pipe temperature is too low to consider the effects of radiation. The rate of heat loss
from the bare pipe is most nearly

Answers
(A) 14,000 Btu/hr
(B) 18,000 Btu/hr
(C) 19,000 Btu/hr
(D) 21,000 Btu/hr
The answer is (A).
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Solution
Content in blue refers to the NCEES Handbook.
Find the total thermal resistance. [Thermal Resistance (R)]
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= 0.0106 hr-°F/Btu

The rate of heat transfer from the pipe to the ambient air is
Thermal Resistance (R)
ΔT
q =
R total

The saturation temperature of steam at 1 atm is 212°F. The heat loss over the entire length of uninsulated
pipe is
212°F − 60°F
q =

= 14,300 Btu/hr
hr-°F
0.0106
Btu

(14,000 Btu/hr)
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Question
Refrigerant-134a {R-134a) flows in a refrigeration system at 10 lbm/min. The refrigerant enters the
evaporator at 20 psig {or 34.7 psia) with 15% quality, and it leaves the evaporator at 15 psig {or 29.7
psia) saturated. The refrigerating capacity of the system is most nearly

Answers
(A) 4 tons
(B) 5 tons

(C) 6 tons
(D) 7 tons

The answer is (A).

Solution
Content in blue refers to the NCEES Handbook.
The refrigerating effect is the enthalpy difference between the condition of the refrigerant when
entering the evaporator and its condition when leaving. Use a pressure-enthalpy diagram for
refrigerant-134a.[Pressure Versus Enthalpy Curves for Refrigerant 134a]
When the refrigerant enters the evaporator at 34.7 psia and 15% quality, its enthalpy, h, is

hin

= 33 Btu/lbm

When the refrigerant leaves the evaporator at 29.7 psia and 100% quality, its enthalpy is

hout

= 105 Btu/lbm

The refrigerating capacity of the system is

Q = m(hout

- hin)

(10~) (105~-33~) (60~)
Btu
12,000
hr
ton-

= 3.6 tons (4 tons)
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