
2025

engineering
HVAC 

KRISHNAJI PAWAR

Commissioning Specialist
Curriculum

C X T  E X A M

Prepared By:

The commissioning specialist can utilize
HVAC design and engineering formulas
to address issues in both new and
existing buildings.

+91 6363032722 beyondsmartcities.in learn.beyondsmartcities.in

EQUATIONS



Specialists in commissioning services can use engineering and HVAC design 
formulas to implement energy analysis, HVAC design, lighting design, heat gain 
design, measurement, and verification processes in both new and existing 
buildings, as well as to diagnose problems.





COOLING AND HEATING EQUATIONS

For SI:

        SHR = HS/HT

Where:

 HS = Sensible Heat (kW)

 HL = Latent Heat (kW)

 HT = Total Heat (kW)

 ∆T = Temperature Di�erence (°K) q = Air Volume Flow (m3/s)

 ρ = Density of Air (1.202 kg/m3) 

cp = Specific Heat of Air (1.0 kJ/kg.K)

 c1 = Air Latent Factor (a typical value 3010) 

∆W = Humidity Ratio Di�erence (kg water/kg dry air) ∆h = Enthalpy Di�erence (kJ/kg)

 SHR = Sensible Heat Ratio 

Sensible Heat
HS = cp ρ q ∆T

Latent Heat
HL = c1ρq∆W

Total Heat
HT =ρq∆h

Sensible Heat Ratio: 



For I-P: 

HT = 4.5 × CFM × ∆h 

• Sensible Heat Ratio 

SHR = HS / HT 

Where:

 HS = Sensible Heat (Btu/hr)

 HL = Latent Heat (Btu/hr)

 HT = Total Heat (Btu/hr)

 ∆T = Temperature Di�erence (°F)

 ∆WGR. = Humidity Ratio Di�erence (Gr.H2O/Lb.DA) 

∆WLB. = Humidity Ratio Di�erence (Lb.H2O/Lb.DA) 

∆h = Enthalpy Di�erence (Btu/Lb.DA) 

CFM = Air Flow Rate (Cubic Feet per Minute) SHR = Sensible Heat Ratio 

Thermal Resistance R-Values/U-Values 

A. Thermal Value (R-Value) 

R= t / k

 B. Thermal Transmittance (U-Value) 

U = 1 / ΣR 

Where: 

For SI: 

k = Thermal Conductivity (W/(m·K))

 R = Thermal Resistance ((m2·K)/W)

 U = Thermal Transmittance (W/(m2·K)) t = Thickness (m)

 ΣR = Sum of the Individual R-Values 

Sensible Heat
 HS = 1.085 × CFM × ∆T 

Latent Heat
 HL = 0.68×CFM×∆WGR = 4840×CFM×∆WLB 

Total Heat 



For I-P: 

k = Thermal Conductivity (Btu./hr. ft. °F.)

 R = Thermal Resistance (hr. ft2. °F./Btu.)

 U = Thermal Transmittance (Btu./hr. ft2. °F.) t = Thickness (ft) 

WATER SYSTEM EQUATIONS

For SI: 

H= ρ∙q∙cp∙∆T 

q (Evap) = H (ρ∙cp∙∆T) 

Where:

 H = Total Heat (kW)

 q = Water Flow Rate (m3/s)

 ρ = Density of Water (997 kg/m3) 

cp = Specific Heat of Water (4.187 kJ/kg.K) ∆T = Temperature Di�erence (°K)

 For I-P: 

H = (GPM ∙ ∆T) / 24 

GPM (Evap) = (H ∙ 24) /∆T 

GPM (Cond) = (H ∙ 30) /∆T 

Where:

 H = Total Heat (Tons of Refrigerant)

 ∆T = Temperature Di�erence (°F)

 GPM = Water Flow Rate (Gallons per Minute)

 𝐺𝑃𝑀 (𝐸𝑣𝑎𝑝). = Evaporator Water Flow Rate (Gallons per Minute) 

𝐺𝑃𝑀 (𝐶𝑜𝑛𝑑). = Condenser Water Flow Rate (Gallons per Minute) 

AIR CHANGE RATE EQUATIONS

For SI: 

ACH = (q ∙ 3600) / V 

Where:

 ACH. = Air Change Rate per Hour 



q = Air Volume Flow (m3/s)

 V = Space Volume (m3) 

For I-P: 

ACH = (CFM ∙ 60) / V 

Where:

 ACH. = Air Change Rate per Hour

 CFM = Air Volume Flow (cubic feet per minute)

 V = Space Volume (ft3) 

Mixed Air Temperature 

Where: 

For SI: 

QSA= Supply Air (L/s)

 QRA = Return Air (L/s)

 QOA = Outside Air (L/s)

 TMA = Mixed Air Temperature (°C) TRA = Return Air Temperature (°C) TOA = Outside Air Temperature (°C) 

For I-P: 

QSA= Supply Air (CFM)

 QRA = Return Air (CFM)

 QOA = Outside Air (CFM)

 TMA = Mixed Air Temperature (°F) TRA = Return Air Temperature (°F) TOA = Outside Air Temperature (°F) 

DUCTWORK EQUATIONS

• Total Pressure 

pt = ps + pv ps = Static Pressure (Pa) 

Where:

 pt = Total Pressure (Pa) 

pv = Velocity Pressure (Pa) 

• Velocity 



V=Q / A 

Where: 

For SI: 

V = Fluid Mean Velocity (m/s)

 Q = Volumetric Flow Rate (m3/s)

 A = Cross-Sectional Area of Duct (m2) 

For I-P: 

V = Fluid Mean Velocity (FPM)

 Q = Volumetric Flow Rate (CFM)

 A = Cross-Sectional Area of Duct (ft2) 

Fan A�nity Laws 

Where: 

For SI: 

Q = Volumetric Flow Rate (m3/s)

 N = Rotational Speed, Revolutions Per Minute (RPM) P = Static Pressure (Pa)

 W = Electrical Power (W 

For I-P: 

Q = Volumetric Flow Rate (CFM)

 N = Rotational Speed, Revolutions Per Minute (RPM) P = Static Pressure (in.wg)

 W = Electrical Power (W) 

Pump A�nity Laws (At Constant Pump Impeller Diameter) 

Where: 



For SI: 

Q = Volumetric Flow Rate (m3/s)

 N = Rotational Speed, Revolutions Per Minute (RPM) P = Pump Head (bar)

 W = Electrical Power (W) 

For I-P: 

Q = Volumetric Flow Rate (GPM)

 N = Rotational Speed, Revolutions Per Minute (RPM) P = Static Pressure (ft.wg)

 W = Electrical Power (W) 

Pump Net Positive Suction Head (NPSH) Calculations 

NPSHAVAIL > NPSHREQ’D 

Net Positive Suction Head Available: 

NPSHAVAIL =HA ±HS −HF −HVP 

Where: 

For SI: 

NPSHAVAIL = Net Positive Suction Available at Pump (m)

 NPSHREQ’D = Net Positive Suction Required at Pump (m)

 HA = Pressure at Liquid Surface (m—10.2 m for Water at Atmospheric Pressure) HS = Height of Liquid Surface 

Above (+) or Below (−) Pump (m)

 HF = Friction Loss between Pump and Source (m)

 HVP = Absolute Pressure of Water Vapor at Liquid Temperature (m) 

For I-P: 

NPSHAVAIL = Net Positive Suction Available at Pump (ft)

 NPSHREQ’D = Net Positive Suction Required at Pump (ft)

 HA = Pressure at Liquid Surface (ft—34 ft for Water at Atmospheric Pressure) 

HS = Height of Liquid Surface Above (+) or Below (−) Pump (ft)

 HF = Friction Loss between Pump and Source (ft)



 HVP = Absolute Pressure of Water Vapor at Liquid Temperature (ft) 

EFFICINECIES 

For SI: 

• Coe�cient of Performance (COP)
 COP = Total Cooling Capacity (W) /(Compressor Input Power (W) + Condenser Fan Input 

Power (W) )

• Energy E�ciency Ratio (EER)

For I-P: 

 EER = Net Cooling Capacity (BTU/h) / Total Input Power (W) 

Cooling Towers and Heat Exchangers 

APPROACH (COOLING TOWER) = LWT – AWB 

APPROACH (HEAT EXCHANGER) = EWTHS – LWTCS 

RANGE = EWT – LWT 

Where: 

For SI: 

EWT = Entering Water Temperature (°C) LWT = Leaving Water Temperature (°C) AWB = Ambient Wet Bulb 

Temperature (°C) HS = Hot Side 

Coe�cient of Performance (COP)

Energy E�ciency Ratio (EER)



CS = Cold Side 

For I-P: 

EWT = Entering Water Temperature (°F) LWT = Leaving Water Temperature (°F) AWB = Ambient Wet Bulb 

Temperature (°F) HS = Hot Side 

CS = Cold Side 

External Heat Gain 

Fenestration Transmission 










