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Pump Formulas
PSI =

Ft. Head x Specific Gravity  


Ft Head = 
(PSI x 2.31 

2.31 Specific Gravity

Horse Power =   GPM x Ft. Head x Specific Gravity







(Water)
         3960 x Pump Efficiency                                              




Horse Power = Nameplate HP x (Amps Actual )  x  (Volts Actual)
     (Rule of Thumb)
 (Brake)


      Amps Rated
Volts Rated




Amps = 
New HP x Nameplate Amps x NP Volts



NP HP x Actual Volts

Three Phase

Horsepower =  1.73 x Amps x Volts x Motor Efficiency x Power Factor    (Actual)
 (Brake)



746








Single Phase

Horsepower = Volts x Amps x Efficiency x Power Factor


(Actual)




746

Power Factor =                   Watts (Read on Meter)

                       Measured Volts x Measured Amps

Pump Efficiency = 
(Water) Horsepower 

x 100




(Brake) Horsepower








NPSH (Available)=   Positive Factors – Negative Factors

Pump Affinity Laws




GPM Capacity
   
  Ft. Head 

     Horsepower

Impeller 


D2     x Q1
           (D2 )2 
 

(D2 ) 3 x P1
Diameter

Q2 =     D1 
   
H2 =    (D1 )  x H1 
   P2 = 
(D1 )


Change

Speed 


Q2 = Rpm2  x Q1   
H2 = (Rpm2)2  x H1   
   P2 = 
(Rpm2)3  x P1
Change

         Rpm1  

         (Rpm1)


(Rpm1)

Q = GPM,  H = Ft. Head,  P = BHP,  D = Impeller Diameter,  RPM = Pump 

Pump Law = (P2/P1) = (GPM2/GPM1)2    








Solving for GPM2
 = 
GPM1 x (P2/P1)2      P = (P      GPM = Gallons Per Minute

AIRSIDE FORMULA SHEET

CFM increases proportionally as RPM increase. 

SP increases as the square2 of the RPM.

BHP increases as the cube3 of the RPM.

	CFM (new)   =
	CFM (old) *
	
	RPM New
	
	
	
	
	

	
	
	
	RPM Old
	
	
	
	
	

	RPM (new)   = 
	RPM (old) *
	
	CFM New
	
	
	
	
	

	
	
	
	CFM Old
	
	
	
	
	

	SP (new)      = 
	SP (old)     *
	{
	CFM New
	}
	2
	
	SP 1 = BHP 1 =  DENSITY 1
	

	
	
	
	CFM Old
	
	
	
	SP2  =  BHP2  =  DENSITY 2
	

	CFM (new)   =
	CFM (old) *
	{
	SP New
	}
	1/2
	
	
	

	
	
	
	SP Old
	
	
	
	
	

	BHP (new)   = 
	BHP (old) *
	{
	CFM New
	}
	3
	
	
	

	
	
	
	CFM Old
	
	
	
	
	

	CFM (new)   =
	CFM (old) *
	{
	BHP New
	}
	1/3
	
	
	

	
	
	
	BHP Old
	
	
	1/3 
	=  .3333
	


Bypass Air 

Coil Bypass Factor=  (Leaving Db– Coil Temp)÷(Entering Db–Coil Temp)


Example: (55-35.5)÷(70-35.5)= 0.565
	Psychrometrics Terminology for Air Properties

	
-Dry Bulb Temp(DB): The temp of the air in °F or °C 

-Wet Bulb Temp(WB): The temp of the air taking into consideration the amount of moisture it contains 

-Sling Psychomotor: Instrument used to measure wet and dry bulb temperatures 

-Relative Humidity(RH): Percentage of water vapor in the air I relation to the max it can hold at any given temp 

-Specific Humidity(SP.H ): The moisture content of a given sample of air expressed in grains 

-Specific Volume(SP.V): The amount of space in cubic feet occupied by 1 lb of air 

-Dew Point: The temp at which moisture will start to condense out of a given sample of air 

-Enthalpy(TH): Measurement of heat content of a given sample of air expressed in BTU/Lb 

-Sensible Heat(SH): Amount of heat added or removed from a given sample of air expressed in BTU/Lb 

- Latent Heat(LH): Amount of heat added or removed from the moisture present in a given air sample expressed in BTU/Lb 

-Sensible Heat Factor(S.H.F): Amount of total heat used to change the temp of a given sample of air 

Process Represented On The Chart 
-Sensible Heat Processes: Represented by a horizontal line indicating a change in the temp but no change in specific humidity 

-Latent Heat Process : Represented by a vertical line indicating a change in specific humidity but no change in temp 

-Cooling Process : Represented by a horizontal line running from right to left 

-Heating Process : Represented by a horizontal line running from left to right 

-Cooling + Dehumidification : Represented by a diagonal line running from top to bottom 

-Heating + Humidifying: Represented by a line (diagonal) running from bottom to top 

-Dehumidifying process : Represented by a vertical line running from top to bottom 

-Humidifying Process: Represented by a vertical line running from bottom to top


	Psychrometric Formulas

	SHF= 

Sensible Heat ÷ Total Heat 

Bypass Factor =

(Leaving Db– Coil Temp)÷(Entering Db–Coil Temp)

Total Sensible Heat Formula =

1.08 x CFM x Change in temp

 

Approx system Capacity=

4.5 x CFM x (Change in Enthalpy) or (Total CFM ÷ 400)

Area of a rectangular Duct=

L x W ÷ 144 

Area of a round Duct=

Pie diameter squared ÷ 4 x 144

 

Air Mixture Temp Formula

(CFM or Air 1 x Temp of Air 1) + (CFM or Air 2 x Temp of Air 2) 
Total CFM

% of Outdoor Air = 

Mixture temp – Return Air Temp 
Outdoor Temp – Return Air Temp

Latent Heat Formula= 

0.68 x CFM x Delta Grains/Lb = BTU h 

 

Total Heat Formula=

4.5 x CFM x Delta BTU/lb (Enthalpy)

 

Sensible Heat Formula=

1.08 x CFM x Temp D= BTU h 

 

CFM =

BTU h = 
1.08 x TD

Volts x Amps x BTU/watt 
1.08 x TD

 

RPM2 ÷ RPM1=

S.P.2 ÷ S.P.1 

 

(RPM2 ÷ RPM1)³ =

B.H.P.2 ÷ B.H.P.1

 

3412 BTU's = 1 KW




Calculation of Velocity and Volumes 
1. A single duct/ single zone A/C roof top unit is supplying air to the conditioned space by way of a 24” by 12” supply duct. Calculate the air velocity as well as the volume (CFM). A pitot tube manometer reads 0.06 inches water column.

	Area =
	L x W ÷ 144 =
	24 x 12 ÷ 144
	= 2 SQ Feet


	CFM=
	Area (SQ. FT) x Velocity (FPM)

	
	2 x 981

	
	1962 CFM



2. A single duct/ single zone A/C roof top unit is supplying air to the conditioned space by way of a 15” round supply duct. Calculate the air velocity as well as the volume (CFM). A pitot tube manometer reads 0.09 inches water column.

	Velocity=
	4005 x Square root of velocity press

	
	4005 x Square root of 0.09

	
	1201 fpm


	Area =
	Pie x R²÷ 144
	3.14 x 7.5² ÷ 144
	= 1.23 SQ Feet

	Area =
	Pie x R²
	3.14 x 7.5² 
	= 176.625 SQ Inches

	CFM=
	Area (SQ. FT) x Velocity (FPM)

	
	1.23 x 1201

	
	1473.1 CFM


Area of a circle 
[image: image1.png]Converting Round Duct Areas to Square Feet

Duct Diameter, Duct Diameter, Area Area
Inches mm 2 m2
B 203 0.3401 0.032
10 254 0.5454 0.051
12 305 0.7854 0.073
14 356 1.069 0.099
16 406 139 0.130
18 457 1767 0.200
20 508 2.182 0.203
22 559 2.640 0.245
24 609 3142 2.292
26 660 3.687 0.342
28 711 4.276 0.397
30 762 4.900 0.455
32 813 5.585 0.519
£ 864 6.305 0.586
36 014 7.069 0.657
38 965 7.786 0.732
40 1016 8.727 0.811
42 1067 9.62 0.894
2a 1119 10.56 0.981
46 1168 1154 1072
48 1219 1257 1.168
50 1270 13.67 1270
52 1321 1475 1370
54 1372 15.90 1477
56 1422 17.10 1586
58 1473 18.35 1.705
60 1524 19.63 1.824





BHP Formula Calculations

	BHP (Actual)  =
	1.73 x amps x volts x eff. x P.F.

	
	746


	PF   = 
	Watts read by meter

	
	Measured Volts x Measured Amps


	BHP (Rule of Thumb) = BHP nameplate x
	Amps Actual  
	X
	Volts Actual

	
	Amps Rated 
	
	Volts Rated


Sheave/RPM Ratios and Belt Lengths Calculations

	RPM (Motor) = Dia. (Fan Sheave)
	
	
	
	
	

	RPM (Fan) Dia. (Motor Sheave)
	
	
	
	
	

	DIA (Fan Sheave) = DIA Motor Sheave 
	*
	{
	RPM Motor
	}
	

	
	
	
	RPM Fan
	
	

	DIA (Motor Sheave) = DIA Fan Sheave 
	*
	{
	RPM Motor
	}
	

	
	
	
	RPM Fan
	
	

	Belt Length = 2c +  1.57 *  (D + d) +
	( D - D) 2
	

	
	4c
	


C = center to center distance of shaft 

D = large sheave diameter

d = small sheave diameter

New RPM
(New CFM x Existing RPM) / (Existing CFM).
Ex.
(15,000 x 850) / (12000)
= New RPM  1,063
New Pulley Diameter =
(Existing Pulley Diameter X New Speed)/ (Divided) By (Existing Speed)
         Pulley Speed

·           You would like to run @ 900 RPM
· You Have a 16 inch Pulley
· Find Area of 16 inch Pulley
· Area = 16 pie or 16 X 3.14 or 50.3
· Now take 50.3 X RPM = 45,238 inch per min.
You would like to run @ 900 RPM
You Have a 16 inch Pulley
Find Area of 16 inch Pulley
Area = 16 pie or 16 X 3.14 or 50.3
Now take 50.3 X RPM = 45,238 inch per min
Motor Formulas
Ns= F/P   F= Frequency  P= number of motor poles NS = Synchronies Speed

Slip= (Ns-N)/Ns   N = actual speed Slip is the difference between actual and calculated speed
	
	hp = lb x fpm / 33,000 

	
	hp = ft-lb x rpm / 5,252 

	
	kW = hp x 0.7457 

	
	hpMetric = hp x 1.0138 


Horsepower as defined by Watt, is the same for AC and DC motors, gasoline engines, dog sleds, etc. 

Horsepower and Electric Motors 
	
	Torque = force x radius = lb x ft = T 

	
	Speed = rpm = N 

	
	Constant = 5252 = C 

	
	HP = T x N / C 
Theoretical BHP or Break HP
(Actual Motor Amps / Name plate amps)/Motor name plate HP 




Torque and DC Motors 
	
	T = k [image: image2.png]


Ia 


At overload, torque increases at some rate less than the increase in current due to saturation 

D2 L and Torque 
	
	258AT = 324 D2 L 

	
	259AT = 378 D2 L 


Heat Flow and CFM Calculation

Sensible
BTUH = CFM x Temp. Change x 1.08

Latent
BTUH = 4840 x CFM x RH

Latent + Sensible
BTUH = 4.5 x CFM x Enthalpy

Air Flow rate derived from heat flow

	CFM =
	BTUH (Sensible)

	
	1.08 * temp. change


Temperature difference of air based on heat flow and CFM

	Temp. Change =
	BTUH (Sensible)

	
	CFM * 1.08



	Where
	BTUH
	=
	British Thermal Units Per Hour

	
	RH
	=.
	Relative Humidity Percentage

	
	T
	=
	Temperature

	
	CFM
	=
	Cubic Feet Per Minute


SENSIBLE HEAT FORMULA (Furnaces):

BTU/hr. – Specific Heat X Specific Density X 60 min./hr. =

X CFM X T

.24 X .075 X 60 X CFM X T = 1.08 X CFM X T

ENTHALPHY = Sensible heat and Latent heat

TOTAL HEAT FORMULA

(for cooling, humidifying or dehumidifying)

BTU/hr. = Specific Density X 60 min./hr. X CFM X H

= 0.075 x 60 x CFM x H

= 4.5 x CFM x H

RELATIVE HUMIDITY = __Moisture present___

Moisture air can hold

SPECIFIC HUMIDITY = grains of moisture per dry air

7000 GRAINS in 1 lb. of water

DEW POINT = when wet bulb equals dry bulb
Airflow and Air Pressure Formulas

Air Flow Formula

CFM= A * V
V = CFM/A
A = CFM/V

	Where
	CFM
	=
	Cubic feet/minute

	
	A
	=.
	Area in sq. ft.

	
	V
	=
	Velocity in feet/minute

	
	AK
	=
	Factor used with outlets; actual unobstructed airflow


Total Pressure Formula

TP = VP + SP          Where
TP = Total Pressure Inches w.g.
                                                      VP = Velocity Pressure Inches w.g.

Rearranged

VP = TP - SP
SP = TP - VP SP = Static Pressure inches w.g.

Converting Velocity Pressure into FPM

Standard air = 075 lb/cu ft.

FPM = 4005 x √V.P        Where FPM = Feet Per Minute

	or VP =
	{
	FPM 
	}
	2

	
	
	4005
	
	


Non-Standard Air

	FPM = 1096 *
	VP

	
	Density


Air Flow for Furnaces

Gas Furnace

	CFM =
	Heat value of gas (BTU/cu ft) x cu ft/hr x Comb. Eff.

	
	1.08 x Temp. Rise


Oil Furnace

	CFM =
	Heat value of oil (BTU/Gal) x gal/hr x Comb. Eff

	
	1.08 x Temp. Rise


Electric Furnaces

	1Ø  CFM  =
	Volts x Amps x 3.413
	

	
	1.08 x Temp. Rise *
	

	3Ø  CFM  =
	1.73 x Volts x Amps x 3.413

	
	1.08 x Temp. Rise *


* = Difference between return and supply air temperatures

	kW actual     =     kW rated  *  
	{
	Volts (actual)
	}
	2

	
	
	Volts (rated)
	
	


NATURAL GAS COMBUSTION:

Excess Air = 50%

15 ft.3 of air to burn 1 ft.3 of methane produces:

16 ft.3 of flue gases:

1 ft.3 of oxygen

12 ft.3 of nitrogen

1 ft.3 of carbon dioxide

2 ft.3 of water vapor

Another 15 ft.3 of air is added at the draft hood

GAS PIPING (Sizing – CF/hr.) = Input BTU’s

Heating Value

Example: ___ 80,000 Input BTU’s____________

1000 (Heating Value per CF of Natural Gas)

= 80 CF/hr.

Example: _________ 80,000 Input BTU’s_________

2550 (Heating Value per CF of Propane)

= 31 CF/hr.

FLAMMABILITY LIMITS Propane Butane_ Natural Gas

2.4-9.5 1.9-8.5 4-14

COMBUSTION AIR NEEDED Propane Natural Gas

(PC=Perfect Combustion) 23.5 ft.3 (PC) 10 ft.3 (PC)

(RC=Real Combustion) 36 ft.3 (RC) 15 ft.3 (RC)

ULTIMATE CO2 13.7% 11.8%

CALCULATING OIL NOZZLE SIZE (GPH):

_BTU Input___ = Nozzle Size (GPH)

140,000 BTU’s

OR

_______ BTU Output___________

140,000 X Efficiency of Furnace

FURNACE EFFICIENCY:

% Efficiency = energy output

energy input

OIL BURNER STACK TEMPERATURE (Net) = Highest Stack

Temperature minus

Room Temperature

Example: 520Stack Temp. – 70Room Temp. = Net Stack

Temperature of 450
Economizers

Calculate %of Fresh Air

	% Outdoor Air  = 
	Outdoor Air CFM

	
	Total Air CFM


Set Minimum % Fresh Air with Mixed Air Temperature Formula

MAT= %(OA) x (0 A T) + ' (R A) x (R A T) 

	% OA =
	R A T   -   M A T
	  * 100

	
	R A T   -   O A T
	


M A T = Mixed Air Temperature

O A T = Outside Air Temperature 

R A T = Return Air Temperature

Water Side Formulas

Basic Formulas

Ft. Head (WC)    =
(P x 2.31


Btu’s    =
 500 x GPM x ( T 


1 Watt = 

3.413 Btu


1 kW = 
3413 Btu

1 Ton =
12,000 Btu 


Motor kW = V x A x 1.73 x PF ÷ 1000

Motor Tons = 
(KW x 3413) ÷ 12,000
TON OF REFRIGERATION - The amount of heat required to melt

a ton (2000 lbs.) of ice at 32F

288,000 BTU/24 hr.

12,000 BTU/hr.
System Performance

Tons =


(GPM x ( T) ÷ 24 
 
Approach Temperature = 

GPM =

(Tons x 24) ÷ ( T 

Sat Temperature – Leaving Solution 

( T =


(24 x Tons) ÷ GPM 



Determining GPM

Actual ( P ÷ Design ( P = X

( of X = Y

Design GPM x Y = Actual GPM

Determining CV or flow
Mathematically the flow coefficient can be expressed as:

[image: image3.png]



where:
Cv = Flow coefficient or flow capacity rating of valve.
F = Rate of flow (US gallons per minute).
SG = Specific gravity of fluid (Water = 1).
ΔP = Pressure drop across valve (psi).

F=CV/square root (SG/delta P)

1. Cv coefficient of flow is a constant. It is often obtained from the valve manufacturer.
2. SG (Specific ravity) for water =1
B. Flow Quotient = Actual Flow rate/Design flow rate
1. This calculation provides us with the percentage of design flow which will be used extensively in proportional balancing
Heat Balance

Evap. BTU 

+ 
Motor BTU 

= 
Tower BTU    +/- 5% ARI

GPM x ( T


kW x 3413


GPM x ( T 

      24



   12,000


       26

Plate and Frame Heat Exchanger 

Hot In – Hot Out  
x 100

Hot in –Coldest In

 = 
Heat Exchanger Efficiency

Low Flow = High Efficiency

Note:  Nominal Heat Exchanger Efficiency = 80%

High Flow = Low Efficiency 

Hydraulic Pump Calculations
Horsepower Required to Drive Pump

	GPM X PSI X .0007 (this is a 'rule-of-thumb' calculation)

How many horsepower are needed to drive a 10 gpm pump at 1750 psi? 

GPM = 10
PSI = 1750
GPM X PSI X .0007 = 10 X 1750 X .0007 = 12.25 horsepower 



  


Pump Output Flow (in Gallons Per Minute)

	RPM X Pump Displacement / 231

How much oil will be produced by a 2.21 cubic inch pump operating at 1120 rpm?

RPM = 1120
Pump Displacement = 2.21 cubic inches
RPM X Pump Displacement / 231 = 1120 X 2.21 / 231 = 10.72 gpm 



  


Pump Displacement Needed for GPM of Output Flow

	231 X GPM / RPM

What displacement is needed to produce 7 gpm at 1740 rpm?

GPM = 7
RPM = 1740
231 X GPM / RPM = 231 X 7 / 1740 = 0.93 cubic inches per revolution 





Hydraulic Cylinder Calculations
Cylinder Blind End Area (in square inches)

	PI X (Cylinder Radius) ^2

What is the area of a 6" diameter cylinder?

Diameter = 6"
Radius is 1/2 of diameter = 3"
Radius ^2 = 3" X 3" = 9"
PI X (Cylinder Radius )^2 = 3.14 X (3)^2 = 3.14 X 9 = 28.26 square inches 





Cylinder Rod End Area (in square inches)

	Blind End Area - Rod Area

What is the rod end area of a 6" diameter cylinder which has a 3" diameter rod?

Cylinder Blind End Area = 28.26 square inches
Rod Diameter = 3"
Radius is 1/2 of rod diameter = 1.5"
Radius ^2 = 1.5" X 1.5" = 2.25"
PI X Radius ^2 = 3.14 X 2.25 = 7.07 square inches 

Blind End Area - Rod Area = 28.26 - 7.07 = 21.19 square inches 



  


Cylinder Output Force (in Pounds)

	Pressure (in PSI) X Cylinder Area

What is the push force of a 6" diameter cylinder operating at 2,500 PSI?

Cylinder Blind End Area = 28.26 square inches
Pressure = 2,500 psi
Pressure X Cylinder Area = 2,500 X 28.26 = 70,650 pounds 

What is the pull force of a 6" diameter cylinder with a 3" diameter rod operating at 2,500 PSI?

Cylinder Rod End Area = 21.19 square inches
Pressure = 2,500 psi
Pressure X Cylinder Area = 2,500 X 21.19 = 52,975 pounds 



  


Fluid Pressure in PSI Required to Lift Load (in PSI)

	Pounds of Force Needed / Cylinder Area

What pressure is needed to develop 50,000 pounds of push force from a 6" diameter cylinder?

Pounds of Force = 50,000 pounds
Cylinder Blind End Area = 28.26 square inches
Pounds of Force Needed / Cylinder Area = 50,000 / 28.26 = 1,769.29 PSI 

What pressure is needed to develop 50,000 pounds of pull force from a 6" diameter cylinder which has a 3: diameter rod?

Pounds of Force = 50,000 pounds
Cylinder Rod End Area = 21.19 square inches
Pounds of Force Needed / Cylinder Area = 50,000 / 21.19 = 2,359.60 PSI 



  


Cylinder Speed (in inches per second)

	(231 X GPM) / (60 X Net Cylinder Area)

How fast will a 6" diameter cylinder with a 3" diameter rod extend with 15 gpm input?

GPM = 6
Net Cylinder Area = 28.26 square inches
(231 X GPM) / (60 X Net Cylinder Area) = (231 X 15) / (60 x 28.26) = 2.04 inches per second 

How fast will it retract?

Net Cylinder Area = 21.19 square inches
(231 X GPM) / (60 X Net Cylinder Area) = (231 X 15) / (60 x 21.19) = 2.73 inches per second 



  


GPM of Flow Needed for Cylinder Speed

	Cylinder Area X Stroke Length in Inches / 231 X 60 / Time in seconds for one stroke

How many GPM are needed to extend a 6" diameter cylinder 8 inches in 10 seconds?

Cylinder Area = 28.26 square inches
Stroke Length = 8 inches
Time for 1 stroke = 10 seconds
Area X Length / 231 X 60 / Time = 28.26 X 8 / 231 X 60 / 10 = 5.88 gpm 

  

If the cylinder has a 3" diameter rod, how many gpm is needed to retract 8 inches in 10 seconds?

Cylinder Area = 21.19 square inches
Stroke Length = 8 inches
Time for 1 stroke = 10 seconds
Area X Length / 231 X 60 / Time = 21.19 X 8 / 231 X 60 / 10 = 4.40 gpm 





Cylinder Blind End Output (GPM)

	Blind End Area / Rod End Area X GPM In

How many GPM come out the blind end of a 6" diameter cylinder with a 3" diameter rod when there is 15 gallons per minute put in the rod end?

Cylinder Blind End Area =28.26 square inches
Cylinder Rod End Area = 21.19 square inches
GPM Input = 15 gpm
Blind End Area / Rod End Area X GPM In = 28.26 / 21.19 * 15 = 20 gpm 





Hydraulic Motor Calculations
GPM of Flow Needed for Fluid Motor Speed

	Motor Displacement X Motor RPM / 231

How many GPM are needed to drive a 2.51 cubic inch motor at 1200 rpm?

Motor Displacement = 2.51 cubic inches per revolution
Motor RPM = 1200
Motor Displacement X Motor RPM / 231 = 2.51 X 1200 / 231 = 13.04 gpm 





Fluid Motor Speed from GPM Input

	231 X GPM / Fluid Motor Displacement

How fast will a 0.95 cubic inch motor turn with 8 gpm input?

GPM = 8
Motor Displacement = 0.95 cubic inches per revolution
231 X GPM / Fluid Motor Displacement = 231 X 8 / 0.95 = 1,945 rpm 



  


Fluid Motor Torque from Pressure and Displacement

	PSI X Motor Displacement / (2 X PI)

How much torque does a 2.25 cubic inch motor develop at 2,200 psi?

Pressure = 2,200 psi
Displacement = 2.25 cubic inches per revolution
PSI X Motor Displacement / (2 x PI) = 2,200 X 2.25 / 6.28 = 788.22 inch pounds 



  


Fluid Motor Torque from Horsepower and RPM

	Horsepower X 63025 / RPM

How much torque is developed by a motor at 15 horsepower and 1500 rpm?

Horsepower = 15
RPM = 1500
Horsepower X 63025 / RPM = 15 X 63025 / 1500 = 630.25 inch pound 





Fluid Motor Torque from GPM, PSI and RPM

	GPM X PSI X 36.77 / RPM

How much torque does a motor develop at 1,250 psi, 1750 rpm, with 9 gpm input?

GPM = 9
PSI = 1,250
RPM = 1750
GPM X PSI X 36.7 / RPM = 9 X 1,250 X 36.7 / 1750 = 235.93 inch pounds second 





Fluid & Piping Calculations
Velocity of Fluid through Piping

	0.3208 X GPM / Internal Area

What is the velocity of 10 gpm going through a 1/2" diameter schedule 40 pipe?

GPM = 10
Internal Area = .304 (see note below)
0.3208 X GPM / Internal Area = .3208 X 10 X .304 = 10.55 feet per second 

Note: The outside diameter of pipe remains the same regardless of the thickness of the pipe. A heavy duty pipe has a thicker wall than a standard duty pipe, so the internal diameter of the heavy duty pipe is smaller than the internal diameter of a standard duty pipe. The wall thickness and internal diameter of pipes can be found on readily available charts.

Hydraulic steel tubing also maintains the same outside diameter regardless of wall thickness.

Hose sizes indicate the inside diameter of the plumbing. A 1/2" diameter hose has an internal diameter of 0.50 inches, regardless of the hose pressure rating. 





Suggested Piping Sizes

	· Pump suction lines should be sized so the fluid velocity is between 2 and 4 feet per second. 

· Oil return lines should be sized so the fluid velocity is between 10 and 15 feet per second. 

· Medium pressure supply lines should be sized so the fluid velocity is between 15 and 20 feet per second. 

· High pressure supply lines should be sized so the fluid velocity is below 30 feet per second. 



 


Heat Calculations 

Heat Dissipation Capacity of Steel Reservoirs

	0.001 X Surface Area X Difference between oil and air temperature 

If the oil temperature is 140 degrees, and the air temperature is 75 degrees, how much heat will a reservoir with 20 square feet of surface area dissipate? 

Surface Area = 20 square feet
Temperature Difference = 140 degrees - 75 degrees = 65 degrees
0.001 X Surface Area X Temperature Difference = 0.001 X 20 X 65 = 1.3 horsepower 

Note: 1 HP = 2,544 BTU per Hour 



 


Heating Hydraulic Fluid

	1 watt will raise the temperature of 1 gallon by 1 degree F per hour

and

Horsepower X 745.7 = watts

and

Watts / 1000 = kilowatts

 


Pneumatic Valve Sizing 
Notes: 

· All these pneumatic formulas assume 68 degrees F at sea level 

· All strokes and diameters are in inches 

· All times are in seconds 

· All pressures are PSI 

Valve Sizing for Cylinder Actuation

	SCFM = 0.0273 x Cylinder Diameter x Cylinder Diameter x Cylinder Stroke / Stroke Time x ((Pressure-Pressure Drop)+14.7) / 14.7 

Cv Required = 1.024 x SCFM / (Square Root of (Pressure Drop x (Pressure-Pressure Drop+14.7))) 

Pressure 2 (PSIG) = Pressure-Pressure Drop 





Air Flow Q (in SCFM) if Cv is Known 

	Valve Cv x (Square Root of (Pressure Drop x ((PSIG - Pressure Drop) + 14.7))) / 1.024 



 


Cv if Air Flow Q (in SCFM) is Known

	1.024 x Air Flow / (Square Root of (Pressure Drop x ((PSIG-Pressure Drop) + 14.7))) 





Air Flow Q (in SCFM) to Atmosphere

	SCFM to Atmosphere = Valve Cv x (Square Root of (((Primary Pressure x 0.46) + 14.7) x (Primary Pressure x 0.54))) / 1.024

Pressure Drop Max (PSIG) = Primary Pressure x 0.54 





Flow Coefficient for Smooth Wall Tubing

	Cv of Tubing =(42.3 x Tube I.D. x Tube I.D. x 0.7854 x (Square Root (Tube I.D. / 0.02 x Length of Tube x 12)



 


Conversions
 

	To Convert 
	Into 
	Multiply By

	Bar 
	PSI 
	14.5

	cc 
	Cu. In. 
	0.06102

	°C 
	°F 
	(°C x 1.8) + 32

	Kg 
	lbs. 
	2.205

	KW 
	HP 
	1.341

	Liters 
	Gallons 
	0.2642

	mm 
	Inches
	0.03937

	Nm
	lb.-ft 
	0.7375

	Cu. In. 
	cc 
	16.39

	°F 
	°C 
	(°F - 32) / 1.8

	Gallons 
	Liters
	3.785

	HP 
	KW 
	0.7457

	Inch 
	mm 
	25.4

	lbs. 
	Kg 
	0.4535

	lb.-ft. 
	Nm 
	1.356

	PSI 
	Bar 
	0.06896

	In. of HG 
	PSI 
	0.4912

	In. of H20 
	PSI 
	0.03613


Electrical Formulas
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	SINGLE PHASE FULL LOAD CURRENT IN AMPERES

	HP
	115v
	200v
	208v
	230v

	1/6
	4.4
	2.5
	2.4
	2.2

	¼
	5.8
	3.3
	3.2
	2.9

	1/3
	7.2
	4.1
	4.0
	3.6

	½
	9.8
	5.6
	5.4
	4.9

	¾
	13.8
	7.9
	7.6
	6.9

	1
	16
	9.2
	8.8
	8.0

	1-1/2
	20
	11.5
	11
	10

	2
	24
	13.8
	13.2
	12

	3
	34
	19.6
	18.7
	17

	5
	56
	32.2
	30.8
	28

	7-1/2
	80
	46
	44
	40

	10
	100
	57.5
	55
	50


	THREE PHASE FULL LOAD CURRENT IN AMPERES

	HP
	115v
	200v
	208v
	230
	460

	½
	4.4
	2.5
	2.4
	2.2
	1.1

	¾
	6.4
	3.7
	3.5
	3.2
	1.6

	1
	8.4
	4.8
	4.6
	4.2
	2.1

	1-1/2
	12
	6.9
	6.6
	6
	3

	2
	13.6
	7.8
	7.5
	6.8
	3.4

	3
	-
	11
	10.6
	9.6
	4.8

	5
	-
	17.5
	16.7
	15.2
	7.6

	7-1/2
	-
	25.3
	24.2
	22
	11

	10
	-
	32.2
	30.8
	28
	14

	15
	-
	48.3
	46.2
	42
	21

	20
	-
	62.1
	59.4
	54
	27

	25
	-
	78.2
	74.8
	68
	34

	30
	-
	92
	88
	80
	40

	40
	-
	120
	114
	104
	52

	50
	-
	150
	143
	130
	65

	60
	-
	177
	169
	154
	77

	75
	-
	221
	211
	192
	96

	100
	-
	285
	273
	248
	124

	125
	-
	359
	343
	312
	156

	150
	-
	414
	396
	360
	180

	200
	-
	552
	528
	480
	240

	250
	-
	-
	-
	-
	302

	300
	-
	-
	-
	-
	361

	350
	-
	-
	-
	-
	414

	400
	-
	-
	-
	-
	477

	450
	-
	-
	-
	-
	515

	500
	-
	-
	-
	-
	590


	Air Velocity Measurement


	

Introduction
In air conditioning, heating and ventilating work, it is helpful to understand the techniques used to determine air velocity. In this field, air velocity (distance traveled per unit of time) is usually expressed in feet per minute (FPM). By multiplying air velocity by the cross section area of a duct, you can determine the air volume flowing past a point in the duct per unit of time. Volume flow is usually measured in cubic feet per minute (CFM). 

Velocity or volume measurements can often be used with engineering handbook or design information to reveal proper or improper performance of an airflow system. The same principles used to determine velocity are also valuable in working with pneumatic conveying, flue gas flow and process gas systems. However, in these fields the common units of velocity and volume are sometimes different from those used in air conditioning work. 

To move air, fans or blowers are usually used. They work by imparting motion and pressure to the air with either a screw propeller or paddle wheel action. When force or pressure from the fan blades causes the air to move, the moving air acquires a force or pressure component in its direction or motion due to its weight and inertia. Because of this, a flag or streamer will stand out in the air stream. This force is called velocity pressure. It is measured in inches of water column (w.c.) or water gage (w.g.). In operating duct systems, a second pressure is always present. It s independent of air velocity or movement. Known as static pressure, it act equally in all directions. In air conditioning work, this pressure is also measured in inches w.c. 

In pressure or supply systems, static pressure will be positive on the discharge side of the fan. In exhaust systems, a negative static pressure will exit on the inlet side of the fan. When a fan is installed midway between the inlet and discharge of a duct system, it is normal to have a negative static pressure at the fan inlet and positive static pressure at its discharge. 

Total pressure is the combination of static and velocity pressures, and is expressed in the same units. It is an important and useful concept to us because it is easy to determine and, although velocity pressure is not easy to measure directly, it can be determined easily by subtracting static pressure from total pressure. This subtraction need not be done mathematically. It can be done automatically with the instrument hook-up. 

Sensing Static Pressure
For most industrial and scientific applications, the only air measurements needed are those of static pressure, total pressure and temperature. With these, air velocity and volume can be quickly calculated. 

To sense static pressure, five types of devices are commonly used. These are connected with tubing to a pressure indicating instrument. Fig. 1-A shows a simple thru-wall static pressure tap. This is a sharp, burr free opening through a duct wall provided with a tubing connection of some sort on the outside. The axis of the tap or opening must be perpendicular to the direction of flow. This type of tap or sensor is used where air flow is relatively slow, smooth and without turbulence. If turbulence exists, impingement, aspiration or unequaled distribution of moving air at the opening can reduce the accuracy of readings significantly. 
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Fig. 1-B shows the Dwyer No. A-308 Static Pressure Fitting. Designed for simplified installation, it is easy to install, inexpensive, and provides accurate static pressure sensing in smooth air at velocities up to 1500 FPM. 

Fig. 1-C shows a simple tube through the wall. Limitations of this type are similar to wall type 1-A. 

Fig. 1-D shows a static pressure tip which is ideal for applications such as sensing the static pressure drip across industrial air filters and refrigerant coils. Here the probability of air turbulence requires that the pressure sensing openings be located away from the duct walls to minimize impingement and aspiration and thus insure accurate readings. For a permanent installation of this type, the Dwyer No. A-301 or A-302 Static Pressure Tip is used. It senses static pressure through radially-drilled holes near the tip and can be used in air flow velocities up to 12,000 FPM. 

Fig. 1-E shows a Dwyer No. A-305 low resistance Static Pressure Tip. It is designed for use in dust-laden air and for rapid response applications. It is recommended where a very low actuation pressure is required for a pressure switch or indicating gage - or where response time is critical. 

Measuring Total Pressure and Velocity Pressure 
In sensing static pressure we make every effort to eliminate the effect of air movement. To determine velocity pressure, it is necessary to determine these effects fully and accurately. This is usually done with an impact tube which faces directly into the air stream. This type of sensor is frequently called a "total pressure pick-up" since it receives the effects of both static pressure and velocity pressure. 
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In Fig. 2, note that separate static connections (A) and total pressure connections (B) can be connected simultaneously across a manometer (C). Since the static pressure is applied to both sides of the manometer, its effect is canceled out and the manometer indicates only the velocity pressure. 

To translate velocity pressure into actual velocity requires either mathematical calculation, reference to charts or curves, or prior calibration of the manometer to directly show velocity. In practice this type of measurement is usually made with a Pitot tube which incorporates both static and total pressure sensors in a single unit. 

Essentially, a Pitot tube consists of an impact tube (which receives total pressure input) fastened concentrically inside a second tube of slightly larger diameter which receives static pressure input from radial sensing holes around the tip. The air space between inner and outer tubes permits transfer of pressure from the sensing holes to the static pressure connection at the opposite end of the Pitot tube and then, through connecting tubing, to the low or negative pressure side of a manometer. When the total pressure tube is connected to the high pressure side of the manometer, velocity pressure is indicated directly. See Fig. 3. 
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Since the Pitot tube is a primary standard device used to calibrate all other air velocity measuring devices, it is important that great care be taken in its design and fabrication. In modern Pitot tubes, proper nose or tip design - along with sufficient distance between nose, static pressure taps and stem - will minimize turbulence and interference. This allows use without correction or calibration factors. All Dwyer Pitot tubes are built to AMCA and ASHRAE standards and have unity calibration factors to assure accuracy. 

To insure accurate velocity pressure readings, the Pitot tube tip must be pointed directly into (parallel with) the air stream. As the Pitot tube tip is parallel with the static pressure outlet tube, the latter can be used as a pointer to align the tip properly. When the Pitot tube is correctly aligned, the pressure indication will be maximum. 

Because accurate readings cannot be taken in a turbulent air stream, the Pitot tube should be inserted at least 8-1/2 duct diameters downstream from elbows, bends or other obstructions which cause turbulence. To insure the most precise measurements, straightening vanes should be located 5 duct diameters upstream from the Pitot tube. 

How to Take Traverse Readings 
In practical situations, the velocity of the air stream is not uniform across the cross section of a duct. Friction slows the air moving close to the walls, so the velocity is greater in the center of the duct. 

To obtain the average total velocity in ducts of 4" diameter or larger, a series of velocity pressure readings must be taken at points of equal area. A formal pattern of sensing points across the duct cross section is recommended. These are known as traverse readings. Fig. 4 shows recommended Pitot tube locations for traversing round and rectangular ducts. 
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In round ducts, velocity pressure readings should be taken at centers of equal concentric areas. At least 20 readings should be taken along two diameters. In rectangular ducts, a minimum of 16 and a maximum of 64 readings are taken at centers of equal rectangular areas. Actual velocities for each area are calculated from individual velocity pressure readings. This allow the readings and velocities to be inspected for errors or inconsistencies. The velocities are then averaged. 

By taking Pitot tube readings with extreme care, air velocity can be determined within an accuracy of ±2%. For maximum accuracy, the following precautions should be observed: 

1. Duct diameter should be at least 30 times the diameter of the Pitot tube.

2. Located the Pitot tube section providing 8-1/2 or more duct diameters upstream and 1-1/2 or more diameters down stream of Pitot tube free of elbows, size changes or obstructions.

3. Provide an egg-crate type of flow straightener 5 duct diameters upstream of Pitot tube.

4. Make a complete, accurate traverse. 

In small ducts or where traverse operations are otherwise impossible, an accuracy of ±5% can frequently be achieved by placing Pitot tube in center of duct. Determine velocity from the reading, then multiply by 0.9 for an approximate average. 

Calculating Air Velocity from Velocity Pressure
Manometers for use with a Pitot tube are offered in a choice of two scale types. Some are made specifically for air velocity measurement and are calibrated directly in feet per minute. They are correct for standard air conditions, i.e., air density of .075 lbs. per cubic foot which corresponds to dry air at 70°F, barometric pressure of 29.92 inches Hg. To correct the velocity reading for other than standard air conditions, the actual air density must be known. It may be calculated if relative humidity, temperature and barometric pressure are known. 

Most manometer scales are calibrated in inches of water. Using readings from such an instrument, the air velocity may be calculated using the basic formula: 
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Where: V = Velocity in feet per minute.
hy= Velocity pressure in inches of water.
d = Density of air in pounds per cubic foot.

To determine dry air density, use the formula:

v in pounds per cubic foot.

{Barometric (or absolute) statie pressure }
in inches of mercury

Absolute temperature (indicated temperature

in OF plus 460°).





With dry air at 29.9 inches mercury, air velocity can be read directly from the Air Velodity Flow Charts. For partially or fully saturated air a further correction is required. To save time when converting velocity pressure into air velocity, the Dwyer Air Velocity Calculator may be used. A simple slide rule, it provides for all the factors needed to calculate air velocity quickly and accurately. It is included as an accessory with each Dwyer Pitot tube. 

To use the Dwyer Calculator: 
1. Set relative humidity on scale provided. On scale opposite known dry bulb temperature, read correction factor.

2. Set temperature under barometric pressure scale. Read density of air over correction factor established in #1.

3. On the other side of calculator, set air density reading just obtained on the scale provided.

4. Under Pitot tube reading (velocity pressure, inches of water) read air velocity, feet per minute. 

Determining Volume Flow
Once the average air velocity is know, the air flow rate in cubic feet per minute is easily computed using the formula:

Q = AV
Where: Q = Quantity of flow in cubic feet per minute.
            A = Cross sectional area of duct in square feet.
            V = Average velocity in feet per minute.

Determining Air Volume by Calibrated Resistance
Manufacturers of air filters, cooling and condenser coils and similar equipment often publish data from which approximate air flow can be determined. It is characteristic of such equipment to cause a pressure drop which varies proportionately to the square of the flow rate. Fig. 5 shows a typical filter and a curve for air flow versus resistance. Since it is plotted on logarithmic paper, it appears as a straight line. On this curve, a clean filter which causes a pressure drop of .50" w.c. would indicate a flow of 2,000 CFM. 
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For example, assuming manufacturer's specification for a filter, coil, etc.: 
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Other Devices for Measuring Air Velocity
A wide variety of devices are commercially available for measuring air velocities. These include hot wire anemometers for low air velocities, rotating and swinging vane anemometers and variable area flowmeters. 

The Dwyer No. 460 Air Meter is one of the most popular and economical variable area flowmeter type anemometers. Quick and easy to use, it is a portable instrument calibrated to provide a direct reading of air velocity. A second scale is provided on the other side of the meter to read static pressure in inches w.c. The 460 Air Meter is widely used to determine air velocity and flow in ducts, and from supply and return grilles and diffusers. Two scale ranges are provided (high and low) with calibrations in both FPM and inches w.c. 

To Check Accuracy
Use only devices of certified accuracy. All anemometers and to a lesser extent portable manometers should be checked regularly against a primary standard such as a hook gage or high quality micromanometer. If in doubt return your Dwyer instrument to the factory for a complete calibration check
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		ELECTRICAL FORMULAS FRO CALCULATING AMPERES, HORSEPOWER, KILOWATTS AND KVA

		TO FIND		DIRECT CURRENT		ALTERNATING CURRENT

						SINGLE PHASE		TWO PHASE-FOUR WIRE		THREE PHASE

		AMPERES WHEN "HP" IS KNOWN		E x % EFF

		AMPERES WHEN "KW" IS KNOWN

		AMPERES WHEN "KVA" IS KNOWN

		KILOWATTS

		KILOVOLT-AMPERES "KVA"

		HORSEPOWER





Sheet2

				ELECTRICAL FORMULAS FROM CALCULATING AMPERES, HORSEPOWER, KILOWATTS AND KVA

				TO FIND										DIRECT CURRENT														ALTERNATING CURRENT

																												SINGLE PHASE														TWO PHASE-FOUR WIRE																		THREE PHASE

				AMPERES WHEN "HP" IS KNOWN

																HP X 746														HP x 746														HP x 746																		HP x 746

																E x %EFF														E x %EFF x PF														E x %EFF x PF x 2																		E x %EFF x PF x 1.73

				AMPERES WHEN "KW" IS KNOWN

																KW x 1000														KW x 1000														KW x 1000																		KW x 1000

																E														E x PF														E x PF x 2																		E x PF x 1.73

				AMPERES WHEN "KVA" IS KNOWN

																														KVA x 1000														KVA x 1000																		KVA x 1000

																														E														E x 2																		E x 1.73

				KILOWATTS

																E x I														E x 1 x PF														E x I x PF x 2																		E x I x PF x 1.73

																1000														1000														1000																		1000

				KILOVOLT-AMPERES "KVA"

																														E x I														E x I x 2																		E x I x 1.73

																														1000														1000																		1000

				HORSEPOWER

																E x I x %EFF														E x I x %EFF x PF														E x I x %EFF x PF x 2																		E x I x %EFF x PF x 1.73

																746														746														746																		746

												PERCENT EFFICIENCY = % EFF  =																		OUTPUT (WATTS)														POWER FACTOR = PF =										POWER USED (WATTS)														=		KW

																														INPUT (WATTS)																								APPARENT POWER																KVA

								NOTE:				DIRECT CURRENT FORMULAS DO NOT USE (PF, 2, 1.73)																																																		E = VOLTS

												SINGLE PHASE FOMULAS DO NOT USE (2 OR 1.73)																																																		I = AMPERES

												TWO PHASE - FOUR WIRE FORMULAS DO NOT USE (1.73)																																																		W = WATTS

												THREE PHASE FORMULAS DO NOT USE (2)
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