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Conversion of Wet Flow Rateto Dry Flow Rate

The thermd anemometer measures the cooling effect due to al gas condtituents passing by the sensor
pulling heat away. In ar we have N,, O,, Ar, H,0, CO, etc. It isthe H,0 component which is of
interest for this note because it is often required to know whét the flow rate isin a system without the
water. Theraw reading from atherma anemometer isthe wet flow rate or WSCFM. If the water
vapor component is removed, thisflow rate isthe dry flow rate or DSCFM.

This method is based on the assumption that changesin the air therma properties are smal due to the
moisture, and that the therma anemometer reads the WSCFM correctly. Thisisvaid within 1% for
gpecific humidity levels up to 5%. At higher goecific humidity levels, the converson is more involved
that described here.

Based on a humidity measurement, one can obtain the dew point temperature and look up the specific
humidity ratio (w) from the Psychrometric chart for Air. Specific humidity is defined as the mass fraction
of water vapor compared to the dry air component.

w ° (Mass H,0 Vapor)/(Mass Dry Air) @

On atypical day in Monterey, the dew point is 14 °C which is 70 graing/lb of air based on
the Psychrometric chart. Sncethere are 7000 grains per pound, thisis 1% specific
humidity. The relative humidity reported by weather forecastersis a different parameter,
not of interest for this note.

Oneistempted to take the WSCFM number and convert to mass flow rate using the air density. Then
use w to do the converson on amass bass. The problem with this method is thet the gas dengity
changeswith w. Aswe increase water vapor, thetota air density drops. To avoid this problem we
will work with volumetric flow.

The Gibbs-Daton or Daton’s law saysthat the partia pressure ratio (p), volume fraction ratio (nf) and
molar fraction ¢ of each gas component are equa for mixtures of ided gases like water vapor and air.

Let nf, be the volume fraction which isair (dry ar) in aduct.

WSCFM = DSCFM +H,0SCFM
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WSCFM= WSCFM*nf,+ WSCFM * (1-nf) 2
Weretheterm
WSCFM*nf,= DSCFM 3

is the dry component flow rate and the term
WSCFM * (1-nf,) = H,0SCFM 4
is the water vapor component flow rate.

Since the molar fraction and the volume fraction are the same, we can convert equation 1 for pecific
humidity to avolume fraction using the atlomic weight of water and air.

W=(My * (1-nf) J(M,, * nf,) 5)
where M, = 18.016 and M ;, = 28.96.
Solving equation 5 for the dry air fraction we get

nf, =Y (W/(Mp/My) +1) (6)
Substituting the molar values of air and H,0 we get:

nf, = 0.622/(w + 0.622) (7

Subdtituting equation 7 into 3, the conversion from wet SCFM to dry based on specific humidity retio
is

DSCFM = WSCFM * 0.622/ (w + 0.622) (8)

Using our 1% wexample in Monterey, the conversion from WSCFM to DSCFM is::
0.622/ (0.01 +0.622) = 98.4 %. Thisis meansthat 1.6 % by volume was water vapor.
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