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There is no mystery to air density corrections
– There are some applications where fans are used at 

conditions OTHER than dry air at 70 °F and sea level. 
– These non-standard conditions change the density of 

air and may require corrections to obtain rated fan 
performance. 

– Corrections in fan (and system) calculations, are 
often ignored, but ignoring density is one of the 
major causes of insufficient air in some applications.

Air Density
– You normally don’t feel air, and tend to forget it is a 

mixture of various gas molecules and has weight.  
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Air Density Continued: 
– In fan engineering, knowing the density of the gas at 

the fan©s inlet is important.
– However, the density is an important detail only 

when it is not close to 0 .075 Ibms/c.f.  
• If you follow the 10% addition ROT you are typically 

conservative enough for densities down to 0.067.

– The density of a gas affect two elements of your fan 
selection criteria.  It affects the:

• Resistance to flow & pressure requirement of the fan;
• Power or Brake horsepower needed to move the air.
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Air Density Continued: 

There are two types of CFM to understand:
– ACFM means Actual CFM and “ Actual"  represents 

the specific conditions of the application not 
corrected to any density.

– SCFM means Standard CFM and this means the 
airflow is converted to the values which would exist  
if the job conditions were at some fixed "standard"  
density (i.e. 0.075).
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Air Density Continued: 
– To use a manufacturer©s ratings, you must convert 

your specific application requirements to the Std 
density (0.075) used in the fan ratings chart or table.

– Converting is simple once you know the density of 
the gas entering the fan©s inlet.   All you need is a 
" factor” to adjust your application condition to Std.

Factor = 0.075 / d   where d = density at fan inlet.
– Correct interpretation of the basis in using CFM and 

SP requirements for a fan selection are every bit as 
important as the type and size.
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Air Density Continued: 
– System designers are more interested in "actual"  

values so the conversions will usually result in actual 
CFM (ACFM) and actual SP (ASP)! 

– This is why it is typical in ventilation work to convert 
only the SP since, to repeat, we are looking for ACFM 
and standard SP (SSP). 

– Sometimes use the "unofficial” term: ASP and SSP, 
for actual and standard static pressure as a 
convenient tie-in to ACFM and SCFM.
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Air Density Continued – Fan Selector’s Procedure: 
– Select with specified ACFM.

• Multiply ASP by factor and select with resulting SSP.
• Divide selection’s BHP by factor.

– Multiply SCFM by factor and select with resulting 
ACFM.

• Multiply ASP by factor and select with resulting SSP.
• Divide selection’s BHP by factor.

– To select, we have to know basis of designer’s 
specifications. 

• In both cases SP is converted.  With CFM, the key 
memory jogger is “ A” for Always use ACFM.
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Air Density Continued – CAUTION: 
– Use caution on the BHP conversion.

– Dividing by the factor is correct, however, you 
should select the motor for the maximum job 
condition’s BHP requirement.

• System density may change as hot gas is drawing into 
the fan. 

• Before the gas warms up, the fan may be handling gas 
at close to Std 0.075 and draw the indicated BHP in the 
performance table for the fan selection.

• In other words, size the motor for a “ COLD” start.
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Air Density Continued – Finding Density Factor: 
– The formula for the factor is 0.075/d for dry gas:

d = 0.075 x 530/(460+T) x BP/29.92 x AIP/AP x SG

d = Actual density at fan inlet.
T = Temperature, °F. (dry bulb) at inlet.
BP = Barometric Pressure, "Hg."
AIP = Absolute Pressure at fan Inlet, (any unit).
AP = Absolute Pressure, (same unit as AIP). 
SG = Specific Gravity of the gas.
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Air Density Continued: 
– The most common influences on density are the 

effects of Temperature (other than Std 70 °F), and BP 
(other than 29.92” Hg) caused by elevations above 
Sea Level.

– The math corrections for 0.075/d for T and BP is done 
and can be found in tables (similar to next slide).

– For example, the density at 350 °F and 2500 ft is 
0.075/1.67 = 0.045.

• It is O.K. to interpolate on these charts.
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Air Density Continued: 
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Air Density Continued: 
– Example 1:  In Chicago (614 ft elevation) and 200 °F, 

you need 5000 SCFM at 6” S.P.
• From the table the factor is 1.27.  So you select the fan at 

5000 x 1.27 = 6350 CFM and 7.62” S.P.
• The BHP read from the multi-rating fan table will be derated

by dividing by 1.27.

– Example 2:  In NYC (10 ft elevation) and 650 °F, you 
need 8500 CFM at 10” S.P. 

• Common Problem:  Is this ACFM or SCFM?
• ACFM is often assumed in HVAC and Industrial ventilation 

and conveying applications.  This may not be a good ROT.
• In combustion, SCFM is specified in the form of lbs/hr.
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Air Density Continued: 
– Example 2 Cont:  
– You need to be careful to ensure you do not double 

the corrections on the CFM, in this NYC case with a 
2.09 factor, or your selection will produce 50% 
excess air (depending on the fan characteristics).

– Neglecting to correct is just as bad on the short side.
– Assuming “ ACFM” , we would select 8500 CFM at 

20.9” SP, and the BHP rating would be divided by the 
factor of 2.09.
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Air Density Continued: 
– Another common influence on density, especially on 

exhaust systems, is suction.
– When resistance is placed on a fan’s inlet, the 

suction of the fan creates a partial vacuum on the 
inlet.  This partial vacuum lowers the density of the 
gas at the inlet. 

– Since fans are rated at Std density, corrections may 
be required.  

– Because low pressure corrections are small, suction 
less than 10©© is usually ignored.
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Air Density Continued: 
– The density change at the inlet is determined 

mathematically by the ratio of absolute pressure at 
the fan inlet over the ambient absolute pressure, i.e. 
AIP/AP.  

– In most cases the absolute pressure is the same as 
the barometric pressure. . . which the next graph 
depicts.

– This is worked out for you in graphs - similar to that 
that follows – where you use the graph with 
temperature and altitude corrections when 
conditions are not at Std.
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Air Density Continued: 
– This graph is used with other appropriate factors 

from the previous temperature and altitude chart. 
– For example:  the suction factor for a -30"  SP at the 

fan inlet, with an ambient condition equivalent to 
1000© elevation is 1.083. 

– This correction must be combined with any 
temperature correction in the 1000© elevation column 
of the T & Elev Chart for the total correction.

– At 1000©, 600 °F air, - 30"  SP at fan inlet, the factor is:
• 2.24  = 2.07 (1000© @ 600 °F) x 1.083 (1000© @ - 30"  SP).



Austin ASHRAE Chapter 066 Tech Session March 19, 200921

AUSTIN ASHRAE

Example: Ejector for Conveying 

– The correction factor at 5332 ft and 70 °F is 1.21.
– Density is 0.075/1.21 = 0.062
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Example: Cyclone Collector

– Factor for 0 ft and 225 °F is 1.30. 
– Factor for 0 ft and -7” suction is 1.017 or ignored.
– Total factor = 1.32 and Density is 0.075/1.32 = 0.057
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Example: Coal Fired Boiler

– Specified:  ID Fan at 200,000 CFM & 8” SP.  Gas temp 
is 400 °F.   BHP from rating table is 995.

– If air, what is the fan CFM & SP? What is actual BHP?

Is ID fan handling 
air?
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Example 3 Continued: 
– If air: 495 ft & 400 °F, then Factor = 1.65.
– What portion of 8"  is inlet suction?  It must be < 8”

so ignore it, or assume a suction factor of 1.01.  In 
either case, we aren’t off by more than 1% so…. 

• 200,000 SCFM x 1.65 x 1.01 = 333,300 ACFM
• 8"  x 1.65 x 1.01 = 13.3"  SP  (Suction is still corrected at 

8" , not 13.3" ).
• Select fan for 333,000 CFM and 13.3"  SP. 
• BHP = 995/1.67 = 596  so a 600 HP motor would be O.K.

– Note:  With gases of combustion in a coal fired 
boiler, the I.D. fan would not handle "air" . 
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Example 3 Continued: 
– Typically, the ID Fan would handle flue gas with a 

density of about 0.078.  (Beyond this presentation) 
– Using 0.078  into the correction factors, go back to 

0.075/.078 = 0.96 and 1.65 x 1.01 x 0.96 = 1.60.  
– Fan selection would be made for about:

• 200,000 SCFM x 1.65 x 1.01 x 0.96 = 320,500 ACFM 
• 8"  x 1.65 x 1.01 x 0.96 = 12.8"  SP 
• BHP = 995 x 0.96 = 956/1.67 = 575 



Austin ASHRAE Chapter 066 Tech Session March 19, 200926

AUSTIN ASHRAE

Air Density Continued – Humidity? – Other Gases?: 
– Water vapor does not compress like most gases, so 

some air " rules"  won©t work.  A separate set had to 
be developed, which in turn forces us to handle 
moisture as a unique subject.

– The effect of water in air confuses many of us. We 
know that water in any form is heavier than air. 

– But, when water, snow or ice evaporates into the air, 
it becomes water vapor, and the molecules of water 
vapor push aside the air molecules and the resulting 
mixture is LIGHTER than plain, dry air.

• Think about clouds!  Clouds are air mixed with water 
vapor - and they float.
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Air Density Continued – Humidity: 
– Technically, the pressure exerted by the water vapor 

component of an air mixture must be mathematically 
separated from the total mixture and then both 
portions adjusted individually. The resulting 
densities are added back together arriving at a 
density for the total mixture. 

– Finally, create a ratio with .075 to give you a 
correction factor…….OR……
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Air Density Continued: 
– Just use another chart.
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Air Density Continued – Humidity & Other Gases: 
– Still don’t believe me?

• An airstream of dry air at 160°F and sea level would 
have a correction factor is 1.17.

• If that same air were at 80% relative humidity, the 
correction factor would jump to 1.30!

• So it©s easy to see how important it is to correct for 
humidity.

– What about gases other than air?
• What about an airstream of Std air 80°F & 3000 ft.  
• The correction factor is only 1.14.
• But, if that airstream were 50% helium, the factor 

would be 2.00!!   That©s a 75% increase!!
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Air Density Continued – Other Gases: 
– Standard dry air has a molecular weight of 28.965. 
– Any mixture with a molecular weight other than 

28.965 forces us to use correction factors.
– Sometimes you see the molecular weight of the 

mixture given in the written specifications for a fan. 
– With this information, you can quickly develop the 

necessary Density Correction Factor using this 
simple formula:  28.965 / Specified Mol. Wt.  = d

– This factor would be used just like the others were in 
previous slides.
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Questions?

– Schrecengostrandy@Stanleygroup.com


