. 2.0 KEY EQUATIONS

€ Evaporator Net Refrigeration Effect

tu
] * (Refrig Flow Rate) [

mmn
of
b

Qnet refrigeration ef fect [Btu] = (Hl -

; Hy = entering evaporator enthalpy [——

tu
H, = leaving evaporator enthalpy [ T

4 Compressor Work

min
Weompressor [Btul = (Hy — Hy) [ ] (Refrig Flow Rate) [
u
H, = leaving compressor enthalpy [ ] H, = entering condneser enthalpy [—— 7 ]
@ Net Condenser Effect
min
Qnet condenser effect [Btu] = (H, — Hy) [ ] (Refrig Flow Rate) [ ] (60) _]

H, = entering condenser enthalpy [ 7 ] H, = leaving condneser enthalpy [ 7 ]

Q Net Condenser Effect Function of Compressor Work and Net Refrigeration Effect

Qnet condenser ef fect [Btu] = I/Vcompressor [Btu] + Qnet refrigeration ef fect [Btu]

4@ Coefficient of Performance

COP = Wout _ Qnet refrigeration ef fect [Btu]
Win I/Vcompressor [B tu]

@ Refrigeration Room Ventilation Rate

Q[CFM] = 100XG°5, where G = Ibs of refrigerant.
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2.0 KEY EQUATIONS AND TERMS

’ Relationship of Enthalpy of Vaporization, Enthalpy of Saturated Vapor and Liquid
Water
hg = hf + hfg
Btu
lbm]
hs = enthalpy of saturated liquid
hs4 = enthalpy of vaporization
* all enthalpies at constant temperature & pressure

hy = enthalpy of saturated vapor|

0 Enthalpy of Wet Steam (Mixed Region) as a Function of Steam Quality

hmix = hf + x * hfg
hmix = enthalpy of wet steam (mix of liquid & vapor)
x = steam quality, drnyess fraction, % vapor

Q Relationship of Entropy of Vaporization, Entropy of Saturated Vapor and Liquid
Water

Sg = Sf + Sfg
sq = entropy of saturated vapor|
Sy = entropy of saturated liquid
Sfg = entropy of vaporization

Q Entropy of Wet Steam (Mixed Region) as a Function of Steam Quality
Smix = Sf + x * ng
Smix = entropy of wet steam (mix of liquid & vapor)
x = steam quality, drnyess fraction, % vapor

@ Heat Available from Condensing Steam

m
m = mass flow rate [W]

_ Btu
Q = energy [

QThrottIing: Irreversible Adiabatic [Constant Enthalpy] or Isenthalpic

hinitiar = hfinal
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QTank Heating/Cooling: Isometric [Constant Volume]
Vinitial = Vfinal
t3

v = specific volume [W]

‘ Turbine Expansion: Isentropic [Constant Entropy] or Reversible Adiabatic

Sinitial = Sfinal

Q Compressor: Isentropic [Constant Entropy] or Reversible Adiabatic

Sinitial = Sfinal

0 Boiler Heating: Isobaric [Constant Pressure]

Pinitiar = Pfinal
P = pressure [psia]

0 Heat Exchanger (Boiling or Condensing): Isothermal [Constant Temperature]

Tinitiat = Trinal

@ Boiler Efficiency

e _ (mfeedwater) * (Hsteam,out - eredwater,in)
boiler mfuel « HHV

& Convert Feed-Water Flowrate in GPM to Steam Flowrate in Ibs/hr

1 gallon of water 1ft3 62.41b 60 minute 0 lbs
* * * =
minute 7.48 gallon  ft3 hour hr

0 Simplified Steam Heating Coil: Steam to Water Heat Transfer

Msteam * hfg = 500 * GPMyyqter * AT
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‘ Simplified Steam Heating Coil: Steam to Air Heat Transfer

Msteam * hfg = 1.08 * CFM_;, x AT
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L 2.0 KEYTERMS

Dry Bulb
Temperature

Dry bulb temperature indicates the
amount of energy independent of the
amount of water in the air. Measured

with a thermometer.
Units = [°F]

Wet Bulb
Temperature

Wet bulb temperature indicates the
amount of water in the air. Measured
with a sling psychrometer or
hygrometer.

Units = [°F]

Dew Point

The temperature at which moist air
must be cooled to, in order for water to
condense out of the air.

Units = [°F]

Humidity Ratio

Humidity ratio or specific humidity is the
measure of the amount of water in air.
[lb of Water Varpor]

Units =
lb of Dry Air

-

Relative Humidity

Relative Humidity indicates the amount
of water in the air relative to the total
amount of water the air can hold.
Units = [%]
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Sensible heat indicates the amount of
dry heat. It indicates the amount of
energy either absorbed or released to

6 | Sensible Heat change the dry bulb temperature of the
air.
Units = Btu
s = [lb of air]

Latent heat indicates the amount of
energy in the air due to moisture. Itis
the amount of heat released when
water in the air condenses out or the
amount of heat absorbed by water in
order to vaporize the water.

Units = Btu
s = [lb of air]

7 | Latent Heat

Enthalpy is an indication of the total
amount of energy in the air, both

8 | Enthalpy sensible and latent.
. Btu
Units = b of air

Exam Tip #1: Do not spend enormous amounts of time trying to interpolate the exact value on
the psychrometric chart.

The psychrometric chart is provided as part of the NCEES exam, but the chart is small and
unclear compared to the ones typically used in practice. It is the opinion of the writer that this
fact should indicate to the test taker that it is not important to get the values to the nearest
0.0001 (exaggeration) because it is impossible. In addition, the exam writer would not provide
possible multiple choice answers that are fairly close together because of the confusion that
would arise.

Exam Tip #2. During the exam, do not write on anything that is not part of the exam, including
your own psychrometric chart. This may result in disqualification.
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- 3.0 KEY EQUATIONS

@ Sensible Heat Equation
Qsensipte = 1.08 x ATpp * CFM

Btu
Qsensiple = sensible heat [W]

ATpp = dif ference in dry bulb temperature between entering and leaving
CFM = volumetric flow rate, cubic feet per minute

@ Latent Heat Equation

Qiatent = 0.68 x AWsp x CFM

Btu
Quatent = latent heat [W]
gains of water vapor

AW g = change in humidity ratio | Ib of dry air

CFM = volumetric flow rate, cubic feet per minute

@ Latent Heat Equation
Qatent = 4,840 « AW, p « CFM
Quatent = latent heat [W]
Ibs of water vapor
Ib of dry air
CFM = volumetric flow rate, cubic feet per minute

AW, = change in humidity ratio [

¢ Total Heat Equation
Qtotar = 4.5 * (Ah) x CFM

Btu
Qtotar = total heat [W]

Ah = change in enthalpy between entering and leaving
CFM = volumetric flow rate, cubic feet per minute

4@ Air Mixing Equation - Dry Bulb

Tmixpp = T1pp * %1 + T2 pp * %2
T mixpp = mixed air dry bulb temperature
Ty pp = air stream 1 dry bulb temperature
%4 = air stream 1 percent by mass
T, pp = air stream 2 dry bulb temperature
%, = air stream 2 percent by mass
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4@ Air Mixing Equation - Dry Bulb
T _TI,DB*CFM1+TZ,DB*CFMZ
mix,DB — CFM, + CFM,

CFM, = air stream 1 volumetric flow rate
CFM, = qair stream 2 volumetric flow rate

‘ Air Mixing Equation - Enthalpy

humix = hipp * %1 + hz pp * %2
h,,i, = mixed air enthalpy
hy = air stream 1 enthalpy
%4 = air stream 1 percent by mass
h, = air stream 2 enthalpy
%y = air stream 2 percent by mass

@ Air Mixing Equation - Enthalpy

h _hl*CFM1+h2*CFM2
mix — CFM, + CFM,

‘ Relative Humidity as a Function of Humidity Ratio and Partial Pressures

w
RH =-P" x100% ~ —* x100%
Psar SAT

RH = relative humidity
Pw = partial pressure of water vapor in the air stream
Psar = saturated vapor pressure of water at the temperature in question
W,, = humidity ratio of the air stream
W g4 = humidity ratio of the air stream at saturation at the temperature in question
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2.0 IMPORTANT TERMS & EQUATIONS

’ Convert U-Factor to R-Value

U= 1
"R
U = heatt icient Btu
= heat transfer coef ficien [hr e *°F]
, hr * ft? = °F
R = thermal resistance [————
Btu

€ Addition of R-Values

Rtotal = Rl + RZ + R3 ..t Rn

@ Addition of U-Factors
1 _ 1 4 1 4 1 4 1
Utotal Ul UZ U3 Un

€ Thermal Conductivity Units
Btu

k=——7——
hr * ft * °F

4 Convert Thermal Conductivity to R-Value and U-Factor

t
R=—

k
t = thickness of material [ft]
Btu
k=th l ductivity [—————
ermal conductivity [hr + Ft+oF
k
U=-
t
0 Heat Transfer Equation
Q=U=xAx*AT

Btu
hr = ft? = °F]
A = area of heat transfer [ft?]
AT = temperature dif ference between hot and cold areas of heat transfer [°F]

U = overall heat transfer coef ficient[
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Q Log Mean Temperature Difference (LMTD)

AT, — AT,

AT,
In (372

AT, = temperature dif ference at entrance
AT, = temperature dif ference at exit

LMTD =

4@ Counter-flow Heat Exchanger
PT.A

T +Tcold, out
hot, in

( ) Thot, out
B

Tcold, in f PT.B

hot, in

T

.\. hot, out
T

.T\f\‘ cold, in

cold, out

Temperature

Location
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@ Parallel-flow Heat Exchanger

PT. A
LR T
T $ cold, in
hot, in
)
C
( )
C ) Thot, out
R
cold, out* PT.B
T
o hot, in T
2 hot, out
o
2 T
g cold, out
|_
T
cold, in
A B

Location

4 Conduction Heat Transfer Equation

_ kx A* (Thor — Teora)
0= t
Btu
where Q = quantity of heat transfered [W
Btu ]
hr * ft = °F
Thot — Teo1qa = temperature dif ference between indoors and outdoors [°F]

t = thickness of material [ft]
A = area of heat transfer [ft?]

k = thermal conductivity of material [

€ Convective Heat Transfer Equation

Q =hx+xAxAT
Btu
hr = ft? % °F
A = area of heat transfer [ft?]
AT = temperature dif ference between hot and cold areas of heat transfer [°F]

]

h = convective heat transfer coef ficient|
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@ Radiative Heat Transfer Equation

Q = hyaq * A% AT
Btu
hr = ft? « °F
A = area of heat transfer [ft?]
AT = temperature dif ference between hot and cold areas of heat transfer [°F]

hrqq = radiation heat transfer coef ficient|

]
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2.0 KEY EQUATIONS AND TERMS

€ Mechanical Horsepower of a Fan
CFM * TSP[in.wg]
6,356
MHP = mechanical horse power [HP]
CFM = airflow
TSP = total static pressure [in.wg]

MHP =

€ Convert Mechanical Horsepower to Brake Horsepower

BHP = MHP  ( )

fan ef ficiency

4@ Convert Brake Horsepower to Electric Horsepower

1
HP = BHP * ( — )
motor ef ficiency

@ Velocity Pressure as a Function of Air Velocity

p FPM
= 2005 [in.wg]

FPM = air velocity in feet per minute
VP = velocity pressure [in.wg]

‘ Simplified Sensible Heat Equation

Btu
Q [T] = 1.08 * CFM * AT[°F]

* air conditions at 70°F and 1 atm.

@ Friction loss due to length of duct

in.wg

Fancrlin.wg] = LIft] * flgo e

]
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@ Fan Affinity Laws

CASE 1: N,y = new

RPM
CFM,,, = ( =P M"Z”) CFM,q
o
RPM
Pnew = (RPMT:;:) Pold
RPM
BHP,,,, = ( =5 M"j:) BHP,,,
o

@ Fan Affinity Laws

CASE 2: RPM ;s = RPM,,,,,

Nnew !
CFMygy = ( . m) CFMyq
o

Nnew
Prew = ( ) Poia
N
Ny
BHP,,,, = (N ld) BHP,;,
o
4@ Bypass Factor Equation for Coils
h . . —h . .
Bypas Factor = entering coil leaving coil
hentering coil — happaratus dew point

where h is equal to the enthalpy

Q Bypass Factor Equation for Coils

Tentering coil — Tleaving coil

Bypas Factor =

entering coil — Tapparatus dew point
where T is equal to the dry bulb temperature

Q Bypass Factor Equation for Coils

Wentering coil — Wleaving coil

Bypas Factor =

entering coil — Wapparatus dew point
where W is equal to the humidity ratio
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@ Moisture Transfer Equation

H=60%p*Q* Wit — Wenter)

o . . [b of water]
W = the humidity ratio entering or leaving the system

[lb of dry air]
) b
p = density of air []?]
£3
Q = air flow rate [%]

b

H = moisture transferred [H]

‘ Energy Recovery Device Efficiency Equations

_ Ysensible,actual

Esensible =
CIsensible,max
_ QZatent,actual
€latent =
Qiatent,max
_ qtotal,actual
Etotal =

Qtotal,max

0 Energy Recovery Device Determine Actual Sensible Heat Transferred

Qsensible,actual = 1.08 * CFMoutdoor * (Toutdoor - Tsupply)
QSensible,actual = 1.08 * CFMreturn * (Treturn - Texhaust)

€ Energy Recovery Device Determine Maximum Possible Sensible Heat Transferred

QSensible,max = 1.08 * CFMmL'n * (Toutdoor - Treturn)

0 Energy Recovery Device Determine Actual Latent Heat Transferred

Qiatent,actual = 4;770 * CFMoutdoor * (Woutdoor - Wsupply)
CIlatent,actual = 4"770 * CFMreturn * (Wreturn - Wexhaust)

0 Energy Recovery Device Determine Maximum Possible Latent Heat Transferred

QIatent,max = 4:770 * CFMreturn * (Woutdoor - Wreturn)
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‘ Energy Recovery Device Determine Actual Enthalpy Transferred

Qtotal,actual = 4.5 * CFMoutdoor * (houtdoor - hsupply)
CIstotal,actual = 4‘-5 * CFMreturn * (hreturn - hexhaust)

0 Energy Recovery Device Determine Maximum Possible Enthalpy Transferred

Qtotal,max = 4-5 * CFMoutdoor * (houtdoor - hreturn)

€ Darcy Weisbach Equation

h = L2 \parey weisbach Equation]
=20y arcy Weishach Equation
t
where h = ft of head; f = Darcy friction factor; v = velocity [sz]
t
D = inner diameter [ft], g = gravity [32.2 SZCZ]

€ Darcy Weisbach Equation

2
v , .
h = 2Dg [Darcy Weisbach Equation]
t
where h = ft of head; f = Darcy friction factor; v = velocity [sz]r
t
D = inner diameter [ft], g = gravity [32.2 S£CZ]

@ Positive Suction Head Equation

Psuct = iPelev - Pfric + Pvel

0 Pressure Drop due to Velocity Equation [Pump]

29 [ft of head];velocity ina;

ft

sec?

gravity = 32.2
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‘ Pump Affinity Laws

D
i) = —1; if speed is held constant
Q: D,
& =1, if diameter is held constant
Qe N
€ Pump Affinity Laws
H, Df
H—: = D—;z; if speed is held constant
H, Ni
1 —12; if diameter is held constant
H, Nj
0 Pump Affinity Laws
p, D}
L= —13; if speed is held constant
P, Dj
P, N
L —13; if diameter is held constant
P, N;

Q Heat Transfer Between Pipe to Outer Surface

Btu * in
k—Frz 5 op
h x ft% * °F ) o
Qpipe to outer surface — X[in] * A[ft ] * (Touter surface — Tpipe)[ F]

Where k is equal to the conductivity of the insulation and X is equal to the thickness of the
insulation. K can vary depending on the temperature of the pipe.

€ Heat Transfer Between Pipe Surface and Air

Btu
Qouter surface to air = h[m] * A[ftz] * (Tambient - Touter surface)[oF]

Where h is equal to the surface coefficient of the insulation. This value is a measure of how well
the surface of the material in question is at conducting heat to the ambient air. The value can
increase for higher wind speeds and varying surface and air temperatures.
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‘ Cooling Tower Range

Range = Twater,in [OF] - Twater,out [OF]

0 Cooling Tower Apprach

Approach = Twater,out [OF] — Toir inWB [OF]

€ Cooling Tower Effectiveness

Range

E ti =
JJectiveness Range + Approach

‘ Cooling Tower Evaporation Rate

gal ) gal
] * (Twater,ln - Twater,out) = evaporation rate [_]

.000943 * cooling tower flow rate [ -
min min

4 Combining the Sound Levels of Multiple Sources

DB, DB, DBy DBy DBy DB DB, DBy
Ly =10 *log1¢(10100 + 10100 + 10100 + 10100 + 10100 + 10100 + v10100 + 10100)

€ Sound Level at a Distance from a Point Source (Spherical Propagation)

Lap = Lequip — 20 * logiox—1
Lqp = Sound level at a distance of x [DB]
Lequip = Sound level of equipment [DB]
x = distance from equipment [ft']

0 Sound Level at a Distance from a Point Source (Half-Spherical Propagation)

Lap = Lequip — 20 * logiox + 2

€ Sound Level at a Distance from a Point Source (Quarter-Spherical Propagation)

Ldb = Lequip - 20 * loglo x + 5
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‘ Sound Level at a Distance from a Point Source (Eighth-Spherical Propagation)

Lap = Lequip — 20 *logiox + 8
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] 2.0 EQUATIONS/TERMS

‘ Ohm’s Law

==
R

I = current [amps]
V = voltage [volts]
R = resistantce [amps]

@ Resistors in series

Req,series =R;+R;+R3;+R,

@ Resistors in parallel

& Power Equations

P=1xV
VZ
P=—
R
P=1?xR

‘ Pump Water Horsepower Equations

hft * Qgpm * (SG)
Precn work,pump[HP] = 3956 ’

Q = volumetric flow rate [gallons per minute]
h = pressure [feet of head]
P = power [horesepower]
SG = specific gravity

Ppsi * Qgpm * (5G)
Prech work,pump,[HP] = 1714 ;

p = pressure [psi]
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QFan Mechanical Horsepower Equation

_ chm * TPinwg .
Prech work,fan[HP] — W:

Qcrm = volumetric flow rate of air [cubic feet per minute]
TPy, g = total pressure [inches water gauge]
Prech work,fan[np] = fan mechanical horsepower

‘ Pump or Fan Brake Horsepower Equation

Pmech work[HP]]
Pfan/pump[HP] = "
€fan/pump

Q Motor Horsepower Equation

Pmech work[HP]] |

P = ;
motor Erotor
4 Electrical Power Supplied to Motor
Pmotor[HP]
Psupplied to motor[HP] = T
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Conversion

Formula

Factor Value

Present Value to Future Value

FV =PV x (1+ )"

Multiply PV by (F/P, i, n)

FV
Future Value to Present Value PV = a+n Multiply FV by (P/F, i, n)
i1+
A=PV*x(————) . .
Present Value to Annual Value 1+ -1 Multiply PV by (A/P, i, n)
B 1-1+H)™
Annual Value to Present Value PV =Ax( i ) Multiply A by (P/A, i, n)
l
A=FV(——F) : .
Future Value to Annual Value a+iHr-1 Multiply FV by (A/F, i, n)
a+d"-1
Annual Value to Future Value FV=A4x( ; )

l

Multiply A by (F/A, i, n)
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