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Question 
To reduce the load on a chiller plant, an air washer recirculates water that is at 57°F and uses 
evaporation to precool outdoor air at a rate of 20,000 ft3/min. The outdoor air is introduced at 92°F dry
bulb temperature and 57°F wet-bulb temperature. The saturation efficiency of the process is 84%. The 
cooling requirement reduction is most nearly 

Answers 
(A) 45 tons 

(B) 49 tons 

(C) 53 tons 

(D) 63 tons 

The answer is (C). 

Solution 
Content in blue refers to the NCEES Handbook. 

The saturation efficiency for an air washer describes the extent to which the dry-bulb temperature is 
reduced to the theoretical minimum wet-bulb temperature. 

Direct Evaporative Air Coolers 

T1 is the dry-bulb entering, T2 is the dry-bulb leaving, and T5 is the thermodynamic wet-bulb entering. 
The leaving dry-bulb temperature for this process is 

T2 = T1 - Ee (T2 - r;) 

The sensible precooling benefit is 

= 92°F - (0.84) {92°F - 57°F) 

= 62.6°F 

qsensible = mcp (T1 - T2) 

= QpcP (T1 -T2) 

= ( 20,000 ::n) ( 60 :~n) ( 0.075 1::) 

x ( 0.24 lb!~~F) {92°F - 62.6°F) 

= 635,040 Btu/hr 

Chiller loads are typically expressed in units of tons of refrigeration. [Measurement Relationships] 
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(A) 

(B) 

(C) 

(D) 

Question

The reheat coil in a variable air volume terminal box is being replaced. The maximum airflow 

capacity of the box is 2400 ft /min. A minimum stop setting of 30% (of the maximum flow) has 

been established to maintain the required ventilation when cooling loads are at a minimum. 

The supply air temperature for the building system is a function of the outside air temperature, 

according to the reset graph shown.

During the winter, the outdoor design temperature of 10°F and the indoor space temperature 

of 72°F result in a space heat loss of 45,000 Btu/hr. The minimum capacity of the reheat coil is 

most nearly

Answers

45,000 Btu/hr

47,000 Btu/hr

51,000 Btu/hr

66,000 Btu/hr

The answer is (C).

Solution 

The reheat coil must have sufficient heating capacity to offset both the winter space heat loss 

and the colder supply air.

The reheat load is given by
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= +qcoil qspace qreheat
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The lowest airflow is the product of the minimum stop fraction and the maximum flow.

The reset chart indicates that the supply air temperature will be reset to 64°F when the 

outdoor temperature is 10°F.

The total heating coil load is

qreheat = ( − )m
⋅
cp Troom Tsupply

= ( − )Qmin ρair cp Troom Tsupply

Qmin = = (0.30) (2400 )FminQmax
ft3

min

= 720 /minft3

qreheat = ( − )Qmin ρair cp Troom Tsupply

= (720 ) (60 ) (0.075 )
ft3

min
min
hr

lbm

ft3

× (0.24 ) (72°F − 64°F)
Btu

lbm-°F
= 6220 Btu/hr

qcoil = +qspace qreheat

= 45,000 + 6220
Btu
hr

Btu
hr

= 51,220 Btu/hr (51,000 Btu/hr)
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Question

An east-facing vertical window at a latitude of 40 degrees north has an area of 12 ft . The 

solar heat gain coefficient for the window is 0.87. The overall heat transfer coefficient is 1.2 

Btu/hr-ft -°F. The table shown gives the incident total irradiance for 40 degrees north.

solar 

time

incident total 

irradiance 

(Btu/hr-ft )

solar 

time

a.m. N NE E SE S SW W NW p.m.

May 0500 0 2 2 0 0 0 0 0 1900

0600 35 127 140 70 11 11 11 11 1800

0700 27 164 208 130 21 20 20 20 1700

0800 26 148 218 163 30 26 26 26 1600

0900 30 104 198 176 52 29 31 31 1500

1000 35 53 149 164 82 34 35 35 1400

1100 35 39 80 131 104 42 35 35 1300

1200 38 36 41 83 112 81 39 39 1200

half 

day 

total

214 665 1023 880 357 199 175 174

June 0500 9 20 21 5 2 2 2 2 1900

0600 47 144 150 71 12 12 12 12 1800

0700 36 171 206 121 21 20 20 22 1700

0800 31 155 215 153 30 28 28 28 1600

0900 32 113 191 160 44 33 31 31 1500

1000 34 64 146 149 70 35 35 36 1400

1100 37 41 80 115 89 40 39 37 1300

1200 37 37 42 73 96 73 40 37 1200

half 

day 

total 

252 735 1037 819 314 203 187 186

On a day in May at solar time 0800, the indoor temperature is 75°F, and the outdoor 

temperature is 42°F. The total instantaneous heat gain for the window is most nearly
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(A) 

(B) 

(C) 

(D) 

Answers

480 Btu/hr

1800 Btu/hr

2300 Btu/hr

2800 Btu/hr

The answer is (B).

Solution 

Content in blue refers to the NCEES Handbook.

From the table, the incident total irradiance for an east-facing window in May at 0800 is

The solar heat gain coefficient, SHGC, is given as 0.87, and the overall heat transfer 

coefficient, U, is 1.2 Btu/hr-ft -°F. The instantaneous heat gain is

Fenestration

No air leakage is given in the problem; assume it to be 0. The total instantaneous heat gain for 

the window is,

= 218E t Btu/hr-ft 2

2

q = ( − ) + (SHGC)UApf Tout Tin A pfE T

+C (AL) ρ ( − )A pf Cp Tout Tin

q = ( − ) + (SHGC)UApf Tout Tin A pfE T

= (1.2 ) (12 )(42°F − 75°F)
Btu

°-Fhr-ft 2
ft2

+(0 ) (218 ).87)(12 ft 2
Btu

hr-ft 2

= 1800.7 Btu/hr (1800 Btu/hr)
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(A) 

(B) 

(C) 

(D) 

Question

A 22-unit apartment complex is to be served by a central hot water system. The units will each 

contain two lavatories, one bathtub, one shower, one kitchen sink, and one dishwasher. The 

American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 

publishes the hot-water demand (gallons per hour per fixture) for these fixtures as

fixture demand (gal/hr)

lavatory 2

bathtub 20

shower 30

kitchen sink 10

dishwasher 15

ASHRAE also recommends the use of a 0.30 demand factor and a 1.25 storage factor. To 

satisfy a hot-water demand of 1 hr, the recommended volume of the storage tank is most 

nearly

Answers

520 gal

650 gal

1700 gal

2200 gal

The answer is (B).

Solution 

According to the ASHRAE guidelines cited, the recommended storage tank provides an hour 

of probable demand, appropriately factored for the facility type.

The probable hot-water demand is determined by adjusting the maximum demand by an 

industry demand factor appropriate to the facility type.

The maximum possible demand is most easily determined in a tabular calculation format.
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type of fixture

totalno. of 

fixtures

demand per 

fixture(gal/hr)

total demand per fixture 

type(gal/hr)

lavatory 44 2 88

bathtub 22 20 440

shower 22 30 660

kitchen sink 22 10 220

dishwasher 22 15 330

maximum possible 

demand

1738

The maximum probable demand is

The recommended volume of the storage tank is

Qprobable = Qmaximum possible Fdemand

= (1738 ) (0.30)
gal

hr

= 521.4 gal/hr

Vtank = Vprobable Fstorage factor

= tQprobable Fstorage factor

= (521.4 ) (1 hr) (1.25)
gal
hr

= 651.8 gal (650 gal)
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(A) 

(B) 

(C) 

(D) 

Question

A sun room has an exposed 6 in concrete floor slab measuring 20 ft × 30 ft. By nightfall, the 

room is heated passively by solar radiation to an average temperature of 82°F. The density 

and specific heat of the concrete is 140 lbm/ft  and 0.22 Btu/lbm-°F, respectively. The room 

thermostat setting is kept at 60°F. Assume a floor slab convective heat transfer coefficient of 

16.8 Btu/hr-ft -°F. The average temperature change of the slab after 1 hr of cooling is most 

nearly

Answers

11°F

12°F

14°F

15°F

The answer is (D).

Solution 

Content in blue refers to the NCEES Handbook.

The thermal energy that can be stored in the slab depends on the mass, specific heat, and the 

temperature difference between the slab and the room. The temperature variation of the slab 

with time is

Constant Fluid Temperature

Rearrange the equation for temperature variation so that the body temperature, T, represents 

the temperature as a function of time.

The temperature after 1 hr is
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2

T − = ( − )T∞ Ti T∞ e−βt

β =
hA s

ρV cp

= 1.091 hr−1

T (t) = ( − ) +Ti T∞ e−βt T∞

T (1 hr) = ( − ) +Ti T∞ e−βt T∞

= (82∞F − 60∞F) + 60∞Fe

−

⎛

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

(1.091 )(1 hr)hr−1

(140 )(20 ft)(30 ft)(6 in)( )
lbm

ft3

1 ft

12 in

×(0.22 )
Btu

lbm-∞F

⎞

⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

= 67.4∞F
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To find the temperature change in the slab, take the difference between the initial temperature 

and the temperature after 1 hr.

− T (1 hr) = 82∞F − 67.4∞F = 14.6∞F (15∞F)Ti
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(A) 

(B) 

(C) 

(D) 

Question

An old fire sprinkler system uses 1 in steel pipe with a roughness coefficient of 100. The sprinklers are located 10 ft apart. The minimum pressure 

at any sprinkler is 10 psig. All sprinklers have standard in orifices with orifice coefficients of 0.75. When the sprinkler system is activated, the 

last three sprinklers on a branch line are fully open simultaneously. Disregarding velocity pressure, the discharge from the second branch 

sprinkler from the end is most nearly

Answers

11 gpm

15 gpm

19 gpm

23 gpm

The answer is (C).

Solution 

Content in blue refers to the NCEES Handbook.

As water progresses down the sprinkler line it will undergo a pressure drop. The last sprinkler in the sprinkler line will have the lowest pressure, 

which is required to be a minimum of 10 psig. Start with the equation for flow in an orifice.

Orifices

There is no change in height described in the problem statement, so z  = z  = 0. If point 1 is inside the pipe and point 2 is at the point of 

discharge, p  = 10 psig and p  = 0 psig. The flow through the last sprinkler head is

Converting to gallons per minute gives

Recognize that the flow to the second-to-last head (point 3) will be greater than the flow through the last head (point 1) since the last head is at a 

minimum pressure. In other words, answer options A and B can be neglected. The pressure loss in a 1 in line over 10 ft is negligible. The flow at 

the second-to-last head is

But the pressure is different due to head loss in the line between the two sprinklers. The pressure in the second-to-last head can be found using 

the Bernoulli equation.

Bernoulli Equation

The heads are at the same elevation, and the dynamic head is negligible. The equation for the pressure in the second-to-last head is

The head loss per foot of pipe, h , can be found using the Hazen-Williams equation.

Pressure Drop of Water Flowing in Circular Pipe (Hazen-Williams)

The sprinklers are located 10 ft apart. The head loss in feet for 10 ft of pipe is

Test Bank Question preview 

1

2
/

Q = CA0 2g( + − − )
p1

γ
z1

p2

γ
z2

− −−−−−−−−−−−−−−−−−−

√

1 2

1 2

Q1 = C = CA0 2g( )
p1

γ

− −−−−−−

√ A0 2( )
p1

ρ

− −−−−−−

√

=

⎛

⎝

⎜⎜⎜⎜
(0.75)π(0.5 in)2

(4)(144 )in2

ft2

⎞

⎠

⎟⎟⎟⎟

×
(2)(10 ) (144 ) (32.2 )lbf

in2

 in2

ft2
lbm-ft

lbf-sec2

(62.4 )lbm

ft3

− −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

⎷



= 0.0394 /sec ft3

= (0.0394 )(60 )(7.46 ) = 17.65 gal/minQ1
ft3

sec
sec
min

gal

ft3

= CQ3 A0 2g( )
p3

γ

− −−−−−−

√

+ + = + + +
p3

ρg
z3

v23

2g
p1

ρg
z1

v21

2g
hf

p3

ρg

p3

= +
p1

ρg
hf

= + ρgp1 hf

f, ft/ft

hf, ft/ft =
10.44Q1.85

DC1.85 4.8655

=
(10.44)(17.65 ) gal

min

1.85

(1 in)(100)1.85
4.87

= 0.4219 ft/ft
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The pressure in the second-to-last sprinkler head is

Solving the previous equation for the flow rate through the second-to-last sprinkler head gives

Converting to gallons per minute gives

hf = (0.4219 ) (10 ft)ft
ft

= 4.219 ft

p3 = + ρgp1 hf

= 10 +lbf
in2

(62.4 ) (32.2 ) (4.219 ft)
lbm

ft3
ft

sec2

(32.2 )lbm-ft

lbf- sec2
(12 )in

ft

2

= 11.82 lbf/in2

Q3 = CA0 2 ( )gc
p3

γ

− −−−−−−−

√

=
(0.75)π(0.5 in)2

(4)(12 )in
ft

2

×
(2)(32.2 )(11.82 )lbm-ft

lbf-sec2
lbf

in2
(12 )in

ft

2

62.4
lbm

ft3

− −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

⎷



= 0.042 /sec ft3

Q3 = (0.042 ) (60 )(7.46 )ft3

sec
sec
min

gal

ft3

= 19.19 gal/min  (19 gpm)
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Question 

A refrigerant at -5°F passes through a thin-walled cylindrical tube with a diameter of 5/8 in. Ambient 
air passing over the pipe is cooled such that the heat extraction rate per foot of pipe is 25 W/ft. Under 
steady-state conditions, the convection heat transfer coefficient is 5 W/ft2-°F. Conductive and radiant 
heat transfer are negligible. Most nearly, the temperature of the ambient air is 

Answers 

(A) 26°F 

(B) 31 °F 

(C) 36°F 

(D) 41 °F 

The answer is (A). 

Solution 

Content in blue refers to the NCEES Handbook. 

Find the total conduction resistance. [Thermal Resistance (R)] 

1 1 r0 

Rtotal = h·A· + 21rkL ln ~ 
i i i 

Since this is thin-walled pipe, r O ~ r i and ln(1) = 0. 

1 
Rtotal = h ·A · = 

i i 

( 5 ft~F) 1r (%in) L 

°F-ft 
l.22 ~ 

L 
The linear heat rate given in the problem statement is 

q 
qperft = L = 25 W /ft 

Use the equation for the rate of heat transfer, and solve for the temperature of the ambient air. 

Thermal Resistance (R) 
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11T 
q=--

Rtotal 
Tr,o - ~ = q.lliotal 

Too = q.lliotal - ~ 

= (25 W) (1.2
(~ ~) + (-5°F) 

L m feet 

= ( 25 !) ( 1.22 °~ft) + (-5°F) 

= 25.6°F (26°F) 
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Test Bank Question 

preview 

Question 

A local health club with a floor area of 8000 ft2 uses air to control the humidity in the building. Air at 
95°F and 80% humidity enters an air cooling coil and leaves at 65°F and 20% humidity. The mass flow 
rate of condensate leaving the airstream is most nearly 

Answers 

(A) 650 lbm/hr 

(B) 700 lbm/hr 

(C) 750 lbm/hr 

(D) 800 lbm/hr 

The answer is (D). 

Solution 

Content in blue refers to the NCEES Handbook. 

The mass flow rate of water is related to the mass flow rate of the air and the entering and exiting 
humidity ratios. 

mw = mda (W1 - W2) = Q (W1 - W2) 
V 

The mass flow rate of dry air for a health club can be found from a table of air and ventilation 
requirements for various facilities. A health club requires 22 ft3/person and 0.06 ft3/ft2. [Minimum 
Ventilation Rates in the Breathing Zone, Based on ANSI/ASH RAE Standard 62.1-2007] 

The total flow rate for the building is 

Q = (8000 ft2 ) (( 40persons) ( 22 ~ ) + 0.06 ~) 
1000 ft2 person ft2 

= 7520 ft3 / min 
From the psychrometric chart, the specific volume of the dry air is approximately 14.7 ft3/lbm. The 
humidity ratios of the entering and exiting streams are 0.0292 lbm/lbm and 0.0026 lbm/lbm, 
respecitvely. [ASH RAE Psychrometric Chart No. 1 - Normal Temperature at Sea Level] 

The mass flow rate of the condensate is 

( 
ft3 ) 7520 - . . 

mw = min (o.0292 lbm - 0.0026 lbm) (60 mm) 
rt3 lbm lbm hr 

14.7 lbm 

= 816.46 lbm/hr (800 lbm/hr) 
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(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Question

(Multiple correct) Which of the following air waste heat recovery systems do NOT have the 

potential to recover both latent and sensible heat? (Choose the three that apply.)

Answers

energy recovery ventilator

heat pump

heat recovery ventilator

heat pipe

recuperator

thermosyphon

The answer is (B)(C)(D).

Solution 

Content in blue refers to the NCEES Handbook.

Waste heat refers to energy that is generated but not put to practical use. While some waste 

heat losses from industrial processes are inevitable, losses can be reduced by improving 

equipment efficiency and by installing waste heat recovery technologies. Waste heat recovery 

entails capturing and reusing the waste heat from industrial processes or the heat lost from air 

conditioning systems.

Waste heat can take the forms of both sensible and latent heat. Latent heat is often the 

greater part, as in combustion gas exhaust.

However, recovering latent waste heat is not as simple as recovering sensible waste heat 

(high-temperature streams). To recover latent waste heat, the transfer material must come in 

direct contact with the exhausting stream and be able to absorb and evaporate liquids.

Heat recovery ventilators are for sensible energy recovery. Heat pipes and heat pumps are 

indirect methods and do not come into direct contact with the exhausting stream.

Energy recovery ventilators come in direct contact with the exhausting stream and have the 

capability to recover both sensible and latent heat. [Energy-Recovery Ventilator (ERV)]
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(A)

(B)

(C)

(D)

Question
A cooling tower with rotational speeds up to 400 rpm is being installed on a 40 ft × 40 ft concrete pad.
To control vibration in the cooling tower, which of the following types of isolator is appropriate?

Answers
rubber floor

restrained spring

thrust restraint

air spring

The answer is (B).

Solution
Content in blue refers to the NCEES Handbook.

Use the table of vibration isolation properties for various equipment types and locations found in
ASHRAE Handbook—HVAC Applications. [Selection Guide for Vibration Isolation]

For cooling towers with rotational speeds of 301–500 rpm, the appropriate isolator type is a restrained
spring isolator. [Selection Guide for Vibration Isolation]
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