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1 Introduction

HumCalc is an EXCEL based program for calculating different humidity values. By entering one of the three humidity quantities

· Relative humidity Uw [%rh]

· Dew point temperature td [°C] or frost point temperature tf [°C]

· Mixing ratio r [g/kg]]

you will get values for 

· rel.humidity



Uw
[%rh]

(WMO definition)

· rel.humidity



Ui
[%rh]

(technical definition)

· saturation vapour pressure

ew’
[hPa]
· vapour pressure


e
[hPa]

· dew point temperature


td
[°C]

· frost point temperature


tf
[°C]

· wet bulb temperature


tw
[°C]

· ice bulb temperature


ti
[°C]

· mixing ratio 



r
[g/kg]

· saturation ratio



rs
[g/kg]
· absolute humidity (vapour density)
dv
[g/m³]

· specific enthalpy


h
[kJ/kg]

As parameter the system pressure p [hPa] and the system temperature t [°C] can be entered.

The calculations are made by using the most accurate reference function for saturation vapour pressure taking also into account the enhancement factors for a real system (under presence of air) in respect to ITS 90

2 Limitations

The calculations are limited by the behaviour of a real (technical) system: 

The vapour pressure e can never exceed the system pressure p . Obviously e must be larger or equal 0 .

If the temperature t is larger than the triple point temperature ttr = 0.01 °C , the vapour pressure e cannot exceed the saturation pressure ew’ and the dew point temperature td cannot exceed the system temperature t. In other words the relative humidity Uw must be in the range between 0 and 100%rh. 

In case of the temperature t < 0.01°C :

the vapour pressure e cannot exceed the saturation pressure in respect to ice ei’ [hPa] < ew’ and the frost point temperature tf cannot exceed the system temperature t .

Physically also values for e in the range between ei’ and ew’ are possible but these states aren’t stable in a usual technical system, so the limitation is made by ei’ .

The limitation below the triple point temperature ttr leads to maximum values of the relative humidity Uw which are smaller than 100%rh. 

For example at t = –40°C saturation in respect to ice will occur at Uw = 67.46 %rh which corresponds to a relative humidity according to technical definition Ui = 100 %rh

Basically,  the saturation vapour pressure ew’(t,p) cannot exceed the system pressure p either. Nevertheless values are given for ew’(t,p) > p . In this case the given saturation vapour pressure is the value in pure phase ew(t) (without air) and indicates the necessary minimum system pressure p for which you can get saturation.

Additional limitations exist because of  the definition range of the functions :

-100 =< t =< 200 °C

0 =< p =< 10 MPa

The function for the wet bulb temperature tw is limited by p < 1500 hPa and –10 =< t =< 115 °C and for the ice bulb temperature by ti =< 0.01°C 

Input values at the definition limit

If you enter input values exact at the definition limit of the functions (e.g. Uw = 100 %rh) , sometimes you will get no calculated values due to computation resolution. In this case it helps to enter e.g. 99.999 %rh instead of 100 %rh

3 Humidity quantities

relative humidity Uw , Ui [%rh]

For relative humidity two different definitions are used :

Uw :

The most useful definition according to the World Meteorological Organisation (WMO) in respect to the saturation vapour pressure ew’(t) above water for all temperatures: 
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[%rh]

for all temperatures

Ui : 

Technical definition in respect to the saturation vapour pressure ei’(t) above ice for temperatures below 0.01°C : 

For temperatures > 0.01°C the two definitions are equal.
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for t < 0.01 °C = ttr
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[%rh]

for t > 0.01 °C = ttr
t > 0.01 °C :
0 =< ( Uw , Ui ) =< 100 %rh

t < 0.01 °C
0 =< Ui <= 100 %rh 
; 
Uw < Ui 

saturation vapour pressure ew’ [hPa]

In respect to water
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[hPa]

-100 =< t =< 200

ew’ =< p =< 10 MPa

ew(t) 
[hPa]

saturation vapour pressure in the pure phase (without air)

f(t,p)
[ ]

enhancement factor taking into account the behaviour of a real system under presence of air

In case of 

ew’(t,p) > p 

the value of ew(t) is given ( f(t,p) = 1 for a system in pure phase )

vapour pressure e [hPa]

actual partial pressure of vapour in the air
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e =< ew’(t,p)

e =< p

dew point temperature td , frost point temperature tf
e = ew’(td,p)

(
td , 

-100 =< td =<200°C ; td =< t

e = ei’(tf,p)

(
tf , 

-100 =< tf =<0.01°C ; tf =< t

wet bulb temperature tw , ice bulb temperature ti
The wet bulb temperature tw has to fulfil the condition :
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(
tw
-10 < t 115 °C

e < p < 1500 [hPa]

The ice bulb temperature ti has to fulfil the condition :
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(
ti
ti =< 0.01°C

e < p < 1500 [hPa]

a, b, c are constants

mixing ratio r [g/kg]

gives the relation between the mass quantity vapour and the mass quantity dry air in a certain volume.
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[g/kg]

The vapour pressure e must be smaller than the system pressure p. For e = p the mixing ratio r goes to infinity.

0 =< r =< rs
saturation ratio rs [g/kg]

is the mixing ratio for which you will get saturation in a real technical system

t > 0.01°C 
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t > 0.01°C

The vapour pressure is limited by the saturation vapour pressure in respect to water

ew’ < p

t =< 0.01°C

In a real technical system the vapour pressure is limited by the saturation vapour pressure in respect to ice ( tf =< t). So we will get for the saturation mixing ratio
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t=< 0.01°C

ei’ < p

absolute humidity (vapour density) dv [g/m³]

gives the mass quantity of vapour in 1 m³ air :
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[g/m³]

Limitations are coming out from the vapour pressure e and the valid definition range of the functions.

specific enthalpy h [kJ/kg]

gives the heat quantity of humid air in respect of 1 kg dry air in a certain volume.

The specific enthalpy is a relative quantity, only differences are from interest. Baseline is at temperature t = 0°C , for dry air you will get h = 0 for t = 0°C.
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[kJ/kg]

cpa
[kJ/kg]

specific heat capacity of (dry) air at constant pressure

cpv
[kJ/kg]

specific heat capacity of vapour at constant pressure

lw
[kJ/kg]

latent heat of water

h can be positive and negative

Limitations are coming out from the mixing ratio r and the valid definition range of the functions.

4 Uncertainty

For input-values

· relative humidity Uw

· dew point temperature td , frost point temperature tf
and for the optional parameter

· temperature t 

also uncertainties can be entered.

Then the program calculates uncertainties for the calculated values

· rel.humidity Uw
· rel.humidity Ui
· saturation vapour pressure ew’

· vapour pressure e

· dew point temperature td
· wet bulb temperature tw
· mixing ratio r

· absolute humidity (vapour density) dv
· specific enthalpy h

The uncertainty calculations are made by failure propagation methods from the uncertainties of the input value and the temperature t.
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