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The method of sling psychrometry is to reake boundary layer conductance at the ther
mometer hibs to be so Ige that only tw terms matter in the erggr balance: eaporatve wol-
ing, Q, and cowvective heat transferQ.. At steady state, the sum of theseotterms is zero,
which we may write as

A
- % es(Twed) — €l = GCr(Twer — Tairl (1)

0=
Here,
A = molar heat of aporization of water (about 44,000 J md)
0, = boundary-layer conductance, in molar units, as commonly used in plant
physiology (mol m?s™)
P = total air pressure
es(Tyet) = Saturated apor pressure of ater (R) at the wet-blb temperature
Twet = Wet-tulb temperature
e, = partial pressure of ater \apor in ambient air
C» = molar heat capacity of air (about 29 J mpl

We @an factor out g and rearrange Eq. (1) to

A
Tair - Twet = ﬁ [es(Twet) - Tair (2)

For a first approximation, we carxpress gT,.) Using a linear ariation of saturatingapor
pressure with temperature:

es(Twet) = es(Tair) + e'[Twet - Tair] (3)
We @n use a quadratic form for higher accyréat the principle remains the same.

Substituting Eq. (3) into Eg. (2), we obtain

A
Tair = Twet = ﬁ [es(Tair) -6 —€ E(Tair - Twet)] (4)
We @an bring all the terms in temperature to the left-hand side, to obtain
A€ A
[Tair - Twet][l + ﬁ] = ﬁ es(Tair) [1 - hr] (5)
The factor on the right-hand side aftei(PG,) is just the aporpressure deficit, DI write rela-

tive humidity, h,, as a faction (40% = 0.4, literally) Clearly, we can sole for the temperature
difference as



AD
A€
PG[1 + ﬁ]

Here is a numericakample:
Tar = 30°C — e(Ty) =4246 B, e =250 AK™
h =0.5- e,=2123 R
P=10"Pa
A, Cp as abwe.
Substituting these numericalues into Eq. (5) yields [ — Tyet = 6.72°C.

Tair = Twet =
air wet (6)

We @n also solg for the dev-point temperature, 4f,. Agan using the linear approxima-
tion for the dependence o@por pressure on temperature, weeha

es(Tdew) = es(Tair) - E"’[Tair - Tdew] (7)

The order of temperaturesaw reersed in the last term to obtain a pagtiumber We aan
solwe this as

eS(Tag') ~— & (8)

For the case just considered, this equates to°8.49hewet-bulb T cannot descend to thewde
point; the gaporatve heat loss wuld be zero at T =4[, and could not balance the eeative
heat @in.

Tair - Tdew =

I’'m sure there are demtions of this in t&ts, kut none that | can find at handhe principle
is the same in gnderivation.



