
温度，°C

混
合
比
，

g
水
气
/ 

kg
干
燥
气
体

湿度参数换算
计算湿度参数的公式和方法

湿度图（以海平面高度为基准）

A

Td/f

RH

Pws/Pis
F (T, p)F (T, M)

Fn (T, p)

h x

ppmv

Pw

ppmm

Tw

F (T)

饱和

F (T, p)

Fn (T, p)
F (p, M)

F (p)

F (p, M)

F
T=Td/f

温度

混合比

相对湿度

湿球温度



目录

1.	 前言..............................................................................................................................................................................................................3

2.	 饱和水气压力 – Pws 和 Pis........................................................................................................................................................................4

2.1	 增强因子 – f................................................................................................................................................................................5

3.	 相对湿度 – RH...........................................................................................................................................................................................6

4.	 露点和霜点 - Td/f........................................................................................................................................................................................6

4.1	 根据露点计算水蒸气压力 – Td 到 Pw......................................................................................................................................6

4.2	 根据水蒸气压力计算露点 – Pw 到 Td......................................................................................................................................6

4.3	 根据霜点计算水蒸气压力 – Tf 到 Pw.......................................................................................................................................8

4.4	 根据水蒸气压力计算霜点 – Pw 到 Tf.......................................................................................................................................9

5.	 绝对湿度 – A............................................................................................................................................................................................10

6.	 混合比 – x..................................................................................................................................................................................................10

7.	 焓值 – h...................................................................................................................................................................................................... 11

8.	 H2O 含量 – ppm（百万分之几）......................................................................................................................................................... 12

8.1	 ppm V 干 – 体积(水气)  /体积(干气)............................................................................................................................................ 12

8.2	 ppmm 干 – 质量(水气) /质量(干气)................................................................................................................................................ 12

8.3	 ppmV 湿 – 体积(水气)/体积(湿气)................................................................................................................................................. 12

8.4	 ppmm 湿 – 质量H2O/质量
湿
....................................................................................................................................................... 12

9.	 湿球温度 – TW.......................................................................................................................................................................................... 13

9.1	 根据湿球温度计算水蒸气压力 – Tw 到 Pw........................................................................................................................... 13

9.2	 根据水蒸气压力计算湿球 – Pw 到 Tw.................................................................................................................................... 13

10.	分子质量.................................................................................................................................................................................................... 15

11.	 换算为英制单位........................................................................................................................................................................................ 16

12.参考文献...................................................................................................................................................................................................... 16

2



湿度参数换算

1.	 前言

本文档说明了用于计算不同湿度变量的函数和方法。如下图所示，水蒸气分压 (Pw) 和饱和水蒸气压力 (Pws/Pis) 是参数计算中

的关键要素。其他参数可以通过使用函数、迭代方法和辅助参数从这些参数中导出：温度和气压。本文档使用国际单位制 (SI) 中

的单位；第 11 章提供了英制单位换算方法。

Pws/Pis	 =	 水面/冰面上水蒸气饱和压力（单位：Pa）

Pw	 =	 水蒸气压力 (Pa)

RH	 =	 相对湿度

Td/f	 =	 露点/霜点 (°C)

绝对湿度	 =	 绝对湿度 (g/m3)

x		 =	 混合比 (g/kg)

h		 =	 焓值 (kJ/kg)

ppmv	 =	 百万分之几（体积 H2O/体积 
气体

）

ppmm	 =	 百万分之几（质量 H2O/质量  气体）

Tw/i	 =	 湿球/霜球温度 (°C)

F(T, p, M)	 =	 带辅助量的函数：温度、气压或摩尔质量

Fn(T, p)	 =	 带辅助量的迭代法：温度和气压

3
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2.	饱和水气压力 —— Pws 和 Pis

有许多饱和水蒸气压力公式可用于计算水蒸气在液态水 (Pws) 或冰 (Pwi) 的表面上的饱和压力。水蒸气饱和压力可以使用 

Sonntag [1] 公式等方式计算得出。该公式的适用温度范围在 -100 °C 到 100 °C 之间。

		     

𝑒𝑒!"(𝑇𝑇#)
𝑒𝑒$"(𝑇𝑇#)

2 = 𝑎𝑎% ∙ 𝑒𝑒𝑒𝑒𝑒𝑒 8𝑎𝑎1
𝑇𝑇𝐾𝐾
+𝑎𝑎2 + 𝑎𝑎3𝑇𝑇𝐾𝐾 + 𝑎𝑎4𝑇𝑇𝐾𝐾2 + 𝑎𝑎5 ln9𝑎𝑎- ∙ 𝑇𝑇𝐾𝐾:;, where (1) 其中		  (1)

 

ews	 =	 水面上饱和蒸气压力 (Pa)

eis	 =	 冰面上饱和蒸气压力 (Pa)

TK	 =	 温度 (K，开尔文)

表 1. 系数 a0 ... a6 的数值

系数
an

水面上饱和水气压 (Pws)
（0 °C 至 +100 °C）

冰面上 饱和水气压(Pis)
（-100 °C 至 0 °C）

a0 1 Pa 1 Pa

a1 -6.0969385E+3 K -6.0245282E+3 K

a2 2.12409642E+1 2.932707E+1

a3 -2.711193E-2 K-1 1.0613868E-2 K-1

a4 1.673952E-5 K-2 -1.3198825E-5 K-2

a5 2.433502 -4.9382577E-1

a6 1 K-1 1 K-1

示例：

20 °C 下的水蒸气饱和压力是多少？

T	 =	 20 °C => TK = 20 + 273.15 = 293.15 K

p	 =	 海平面 = 101325 Pa

Pws	 =	 2339.25 Pa

在本文档中，该公式补充了增强因子 (f)，以覆盖  

0 至 2 MPa 的压力范围。

	 Pws (TK, p)	 =	 ews • f (Tk-273.15, p), 或

	 Pis   (Tk,p)	 =	 eis • f (Tk-273.15, p)，其中		    				      	    (2)

Pws	 =	 水面上饱和蒸气压力 (Pa) 

Pis	 =	 冰面上饱和蒸气压力 (Pa) 

f	 =	 增强因子，具体参见下一章。	
p	 =	 总压力 (Pa)
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2.1	 增强因子 – f

	 水气压描述至少两种成分形成气体混合物的情况。因此，不能将气体视为理想气体，并且需要引入增强因子 ( f) 来校正潮

湿气体的非理想效应。

	 对于大气压力和真空压力，这种效应通常可以忽略不计，但随着气压的增加，非理想效应也会随之增加。对于大于 1100 

hPa 的气压，通常使用 Lewis Greenspan [2] 提出的公式来确定增强因子。本文档中使用的系数通过 Bob Hardy [3] 

计算的。如果可以接受稍高的不确定度，这些系数也可用于计算氮中的增强因子。
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 Enhancement factor - f 

Water vapor pressure describes a situation where at least two components form a gas mixture. 
Thus, the gas cannot be considered as an ideal gas and thus enhancement factor (f) is introduced to 
correct non-ideality effects of humid gases.  

For atmospheric pressure and vacuum pressures, this effect is typically negligible, but as the gas 
pressure increases also non-ideality effects increase. For air pressures greater than 1100 hpa, the 
formula developed by Lewis Greenspan [2] is typically used to determine the enhancement factor. 
Coefficients used in this document are calculated by Bob Hardy [3]. These coefficients can also be 
used for calculating enhancement factor in nitrogen if slightly higher uncertainty is acceptable. 

𝑓𝑓(𝑇𝑇# , 𝑃𝑃) = 𝑒𝑒𝑒𝑒𝑒𝑒 >𝛼𝛼(𝑇𝑇#) ∙ @1 − .#$/&$
/

C + 𝛽𝛽(𝑇𝑇#) ∙ F /
.#$/&$

− 1GH   (3) 

𝛼𝛼(𝑇𝑇#) = ∑ 𝑎𝑎$ ∙0
$12 (𝑇𝑇# + 273.15)$     (3.1) 

𝛽𝛽(𝑇𝑇#) = 𝑒𝑒𝑒𝑒𝑒𝑒O∑ 𝛽𝛽$ ∙ (𝑇𝑇# + 273.15)$0
$12 P, where    (3.2) 

Pws =  Saturation vapor pressure in Pa 
Pis =  Saturation vapor pressure above ice in Pa 
TK = Temperature in K 
p = Pressure in Pa 

Table 2 Numerical values for coefficients a1 .. a4 and b1 .. b4 [3]  

Coefficients 
an & bn 

Above water 
(0 to 100 °C) 

Above 
supercooled 
water 
(-50 to 0 °C) 

Above ice 
(-100 to 0 °C) 

a1 3.5362400E-04 3.6218300E-4 3.6444900E-04 

a2 2.9328363E-05 °C-1 2.6061244E-5 °C-1 2.9367585E-05 °C-1 

a3 2.6168979E-07 °C-2 3.8667770E-7 °C-2 4.8874766E-07 °C-2 

a4 8.5813609E-09 °C-3 3.8268958E-9 °C-3 4.3669918E-09 °C-3 

    

b1 -1.0758800E+01 -1.0760400E+1 -1.0727100E+01 

b2 6.3268134E-02 °C-1 6.3987441E-2 °C-1 7.6215115E-02 °C-1 

b3 -2.5368934E-04 °C-2 -2.6351566E-4 °C-2 -1.7490155E-04 °C-2 

b4 6.3405286E-07 °C-3 1.6725084E-6 °C-3 2.4668279E-06 °C-3 

 

For instance: 

T = 20 °C => TK = 20 + 273.15 = 293.15 K 
p= 10 bar(g) = 1 MPa = 1 000 000 Pa 
f =  1.0307 
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𝑓𝑓(𝑇𝑇, 𝑃𝑃) = 𝑒𝑒𝑒𝑒𝑒𝑒 >𝛼𝛼(𝑇𝑇) ∙ @1 − .#$/&$
/

C + 𝛽𝛽(𝑇𝑇) ∙ F /
.#$/&$

− 1GH (3) 

𝛼𝛼(𝑇𝑇) = ∑ 𝑎𝑎$ ∙0
$1% 𝑇𝑇$ (3.1) 

𝛽𝛽(𝑇𝑇) = 𝑒𝑒𝑒𝑒𝑒𝑒J∑ 𝑏𝑏$ ∙ 𝑇𝑇$0
$1% L, where (3.2) 

ews = Saturation vapor pressure in Pa 
eis = Saturation vapor pressure above ice in Pa 
T = Temperature in °C 
p = Pressure in Pa 

Table 2 Numerical values for coefficients a1 .. a4 and b1 .. b4 [3] 

T = 20 °C 
p= 10 bar(g) = 1 MPa = 1 000 000 Pa 
f = 1.0307 

			   (3.1)
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p= 10 bar(g) = 1 MPa = 1 000 000 Pa 
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其中			  (3.2)

ews	 =	 水面上饱和蒸气压力 (Pa)

eis	 =	 冰面上饱和蒸气压力 (Pa)

T		 =	 温度 (°C)

p	 =	 总压力 (Pa)

表 2. 系数 a0 ... a3 和 b0 ... b3 [3] 的数值

系数
an 和 bn

水面上
（0 °C 到 +100 °C）

过冷水水面上
（-50 °C 到 0 °C）

冰面上
（-100 °C 到 0 °C）

a0 3.5362400E-4 3.6218300E-4 3.6444900E-4

a1 2.9328363E-5 °C-1 2.6061244E-5 °C-1 2.9367585E-5 °C-1

a2 2.6168979E-7 °C-2 3.8667770E-7 °C-2 4.8874766E-7 °C-2

a3 8.5813609E-9 °C-3 3.8268958E-9 °C-3 4.3669918E-9 °C-3

b0 -1.0758800E+1 -1.0760400E+1 -1.0727100E+1

b1 6.3268134E-2 °C-1 6.3987441E-2 °C-1 7.6215115E-2 °C-1

b2 -2.5368934E-4 °C-2 -2.6351566E-4 °C-2 -1.7490155E-4 °C-2

b3 6.3405286E-7 °C-3 1.6725084E-6 °C-3 2.4668279E-6 °C-3

示例：
T	 =	 20 °C

p	 =	 10 bar（绝压）= 1 MPa = 1 000 000 Pa

f	 =	 1.0307
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3.	相对湿度 – RH

相对湿度 (RH) 的定义为：在所有温度和压力下，水气压 (Pw) 与气体温度下的水面上饱和水汽压 (Pws) 的比值：
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3 Relative humidity – RH 

Relative humidity (RH) is defined at all temperatures and pressures as the ratio of the water vapor 
pressure (Pw) to the saturation water vapor pressure over water (Pws) at the gas temperature: 

𝑅𝑅𝑅𝑅 = 5#
5#$

∙ 100	%𝑟𝑟ℎ     (3) 

The total pressure is not part of the definition. Above 100 °C the same definition is valid. But as the 
vapor saturation pressure Pws is greater than 1 013 hPa (normal ambient pressure), the RH can't 
reach 100% in an unpressurized system. Below 0 °C the definition is also valid. Here 100%rh is also 
impossible because condensation will occur at a humidity level lower than 100% (when the vapor is 
saturated against ice). Relative humidity over ice (RHi) can be calculated by using coefficients for 
Pis: 

𝑅𝑅𝑅𝑅6 = 5#
5&$

∙ 100	%𝑟𝑟ℎ6     (4) 

4 Dew point and frost point – Td/f 

The dew point temperature (Td) is the temperature to which air must be cooled to become 
saturated with water vapor. The frost point (Tf) is the temperature at which the air is saturated by 
water vapor over an ice surface. The term Td/f means that when the dew point temperature is equal 
to or above 0 °C the dew point calculation (Td) is used, with the (Tf) calculation used below 0 °C. 

 Dew point to vapor pressure – Td to Pw 

Calculating the vapor pressure from Td is a straightforward operation. Use equation (1) to calculate 
the vapor saturation pressure in the Td condition: 

𝑃𝑃:(𝑇𝑇4) = 𝑃𝑃:;R(𝑇𝑇< + 273.15)S    (5) 

 Vapor pressure to dew point – Pw to Td 

Calculating dew point from vapor pressure, temperature, and pressure involves complex equations, 
because both the enhancement factor and the vapor pressure will be dependent on the dew point 
itself. Dew point can be calculated using an iterative procedure: 

Initial values for the trial-and-error process should be wide enough to accommodate the result 
within its boundaries. Proper values for majority of applications are as follows. 

𝑇𝑇<	>6? = −100	℃, 𝑇𝑇<	>@A = 𝑇𝑇 + 5	℃, but at a maximum of 100 °C  

In this document Td min is limited to -100 °C, because this is the limit of specified accuracy for the 
Pws calculation (1). Here, a small margin (+5 °C) is introduced in case there are inaccuracies in the 
initial parameters. The vapor pressure to dew point iterative process is shown in the flow diagram 
below: 

			   (4)

总压力不属于定义的一部分。在 100 °C 以上，适用同样的定义。但由于水气饱和压力 Pws 大于 1013 hPa（正常环境压力），在无

压系统中，相对湿度无法达到 100%。在 0 °C 以下，定义也同样有效。这里 100% 的相对湿度也是不可能的，因为在低于 100% 

相对湿度（以冰面上饱和水气压为基准）就会发生冷凝。冰上的相对湿度 (RHi) 可使用 Pis 的系数计算：
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			   (5)

4.	露点和霜点 - Td/f

露点温度 (Td) 是空气由于水蒸气变得完全饱和而必须冷却到的温度。霜点 (Tf) 是空气在冰面上水蒸气饱和时的温度。Td/f 表示当

露点温度等于或高于 0°C 时，将使用露点 (Td) 计算，低于 0 °C 时将使用霜点 (Tf) 计算。

4.1	 根据露点计算水蒸气压力 – Td 到 Pw

	 根据 Td 计算水蒸气压力只需直接运算。使用公式 (1) 计算 Td 条件下的水蒸气饱和压力：
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		  (6)

4.2	 根据水蒸气压力计算露点 – Pw 到 Td

	 根据水蒸气压力、温度和压力，计算露点涉及复杂的公式，因为增强因子和水蒸气压力都将取决于露点本身。可使用一个迭

代过程计算露点：

	 试错过程的初始值应足够宽泛，以便在其边界内包含将要计算出的结果。大多数应用的正确值如下所示。
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，但温度最高不超过 100 °C	
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在本文档中，Td 最小值
 限定在 -100 °C，因为这是 Pws 计算 (1) 的指定准确度限值。在此引入一个小的差值 (+5 °C)，以防初始参数

不准确。根据水蒸气压力计算露点的迭代过程显示在下面的示意图中：

示例：

计算以下条件下的 Td：

Pw	 =	 233.92 Pa

T 	 =	 20 °C => Tk = 293.15 K

p	 =	 101325 Pa

Pws (1)	 =	 2339.25 Pa

RH (3)	 =	 10.0 %rh

7

是

真：假：

否

计算，
Pws (2)，RH (4)

Pw -100 °C T + 5 °CT p

输入 输出初始值

迭代

计算，
Td 平均值

计算，
PW 平均值 (6)，RH

平均值
 (4)

Td

Td 最小值
Td 最大值

Td 最小值 ≈ Td 最大值

Td 最小值 = Td 平均值 Td 最大值 = Td 平均值

RH
平均值 > RH



迭代

步骤 Td 最小值 (°C) Td 最大值 (°C)
平均值

Td °C Pw Pa RH %rh

1 -100 [初始值] 25 [T+5 初始值] -37.5 24.68 1.051

2 -37.5 25 -6.25 385.0 16.39

3 -37.5 -6.25 -21.9 107.2 4.563

4 -21.9 -6.25 -14.1 207.5 8.837

5 -14.1 -6.25 -10.2 284.1 12.10

6 -14.1 -10.2 -12.1 243.1 10.35

7 -14.1 -12.1 -13.1 224.7 9.568

8 -13.1 -12.1 -12.6 233.7 9.954

.. .. .. .. .. ..

19 -12.5404 -12.5400 -12.5402 234.9 10.00

20 -12.5404 -12.5402 -12.5403 234.9 10.00

答案：Td = -12.540 °C 

4.3	 根据霜点计算水蒸气压力 – Tf 到 Pw

	 使用“冰上”系数 (1) 将霜点转换为水气压：
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 Frost point to vapor pressure – Tf to Pw 

Use “over ice” coefficients (1) for converting frost point into water vapor pressure: 

𝑃𝑃:(𝑇𝑇4) = 𝑃𝑃6; ;R𝑇𝑇B + 273.15S>    (6)  

 Vapor pressure to frost point – Pw to Tf 

Frost point (Tf) is equal to dew point (Td), if Td ≥ 0 °C. In other cases, Tf can be calculated using a 
similar method to Td, but using coefficients over ice, Pis (1): 

 

Example: 

In the example calculation in chapter 4.2 , the Td result was below zero (Td = -12.540 °C). Calculate 
Tf using the same initial values: 

Pw = 233.92 Pa 
T = 20 °C => Tk = 293.15 K 
p = 101325 Pa 

Pis (1) = 2339.25 Pa 
RH (3) = 10.0 %rh 

Answer: Tf = -11.18 °C  

  

	
		  (7)

8



4.4	 根据水蒸气压力计算霜点 – Pw 到 Tf

	 霜点 (Tf) 等于露点 (Td)（若 Td ≥ 0 °C）。在其他情况下，可以使用与计算 Td 相似的方法计算 Tf，但要使用冰面上系数 

Pis (1)：

示例：

在第 4.2 章的示例计算中，Td 结果低于 0 (Td = -12.540 °C)。使用相同的初始值计算 Tf：

Pw	 =	 233.92 Pa

T 	 =	 20 °C => Tk = 293.15 K

p	 =	 101325 Pa

Pis (1)	 =	 2339.25 Pa

RH (3)	 =	 10.0 %rh

答案：Tf = -11.18 °C

9

是

真：假：

否

计算，
Pis (2), RH1 (5)

Pw -100 °C 0 °CT p

输入 输出初始值

迭代

计算，
Tf 平均值

计算，
PW 平均值 (7), RHi 平均值

 (4)

Tf

Tf 最小值
Tf 最大值

Tf 最小值 ≈ Tf 最大值

Tf 最小值 = Tf 平均值
Tf 最大值 = Tf 平均值

RHi 平均值 > RHi



5.	绝对湿度 – A

绝对湿度定义为一定体积中的水蒸气的质量。如果采用理想的气体行为，则可使用以下公式计算绝对湿度：

		
                         

其中			   (8)

绝对湿度	 =	 绝对湿度 (g/m3)

MH20	 =	 水的摩尔质量 (g/mol)

R	 =	 通用气体常数 8.3145 J∙K-1∙mol-1

Pw	 =	 水蒸气压力 (Pa)

TK	 =	 温度 (K)

示例：

计算以下条件下的空气绝对湿度：

RH	 =	 80.0%rh

T 	 =	 20 °C => Tk = 293.15 K

P 	 =	 101325 Pa

水的摩尔质量 = 18.0154 g/mol1 

Pws (1)	 =	 2339.25 Pa

Pw (5)	 =	 1871.51 Pa

6.	混合比 – x

混合比（水蒸气质量/干燥气体质量）的计算方法如下：
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5 Absolute humidity – A 

Absolute humidity is defined as the mass of water vapor in a certain volume. If ideal gas behavior is 
assumed, then absolute humidity can be calculated using: 

𝐴𝐴 = C'($∙5#
E∙F)

, where      (7) 

A = Absolute humidity in g/m3 

Mgas = Molecular mass of gas in g/mol 
R = Universal gas constant 8.3145 J·K-1·mol-1 
Pw = Vapor pressure in Pa 

TK =Temperature in K 

Example: 

Calculate the absolute humidity of air in the following conditions: 

RH = 80.0%rh 
T = 20 °C => Tk = 293.15 K 
P = 101325 Pa 

Molar mass of air = 28.965 g/mol1 

Pws (1) = 2339.25 Pa 
Pw (5) = 1871.51 Pa 

𝐴𝐴 =
GH.JKL *

+,-∙9HM9.L9NO

H.P97L	QR./STU./∙GJP.9L	R
 = 13.8 g/m3 

6 Mixing ratio – x 

The mixing ratio (mass of water vapor/mass of dry gas) is calculated using: 

𝑥𝑥 = 𝐵𝐵 5#
5V5#

, where     (8) 

x = Mixing ratio gH2O/kgdry gas 

𝐵𝐵 =
C012

C'($
∙ 1000 in g/kg, where 

MH2O = Molecular weight of water =  18.0154 g/mol1 
Mgas = Molecular weight of gas in g/mol (air = 28.965 g/mol 1 -> Bair = 621.97 g/kg) 
Pw = Vapor pressure in Pa 
p = Total pressure in Pa 

B can be calculated for other gases by using their molecular weight. An example calculation for 
hydrogen (H2) is [4]: 

𝐵𝐵 =
C012

C01
∙ 1000 = 9H.W9L7	X/>Z[

G.W9LK	X/>Z[
∙ 1000 = 8 938.0 g/kg 

  

 
1 See chapter 0 
 
Molecular weight  

			   (9)
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1 See chapter 0 
 
Molecular weight  
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1 See chapter 0 
 
Molecular weight  

 
其中

MH2O	 =	 水的摩尔质量 = 18.0154 g/mol1

M
气体

	 =	 气体的摩尔质量 (g/mol)（空气 = 28.965 g/mol1 -> Bair = 621.97 g/kg）

Pw	 =	 水蒸气压力 (Pa)

p	 =	 总压力 (Pa)

1  请参见第 10 章“分子量”
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5 Absolute humidity - A 

Absolute humidity is defined as the mass of water vapor in a certain volume. If ideal gas behavior is 
assumed the absolute humidity can be calculated using: 

𝐴𝐴 = 9'()∙.#
;∙<*

, where      (8) 

A = Absolute humidity in g/m3 

MH20 = Molecular mass of water in g/mol 
R = Universal gas constant 8.3145 J·K-1·mol-1 
Pw = Vapor pressure in Pa 

TK =Temperature in K 

Example: 

Calculate absolute humidity of air in following condition: 

RH = 80.0 %rh 
T = 20 °C => Tk = 293.15 K 
P = 101325 Pa 

Molar mass of water = 28.965 g/mol 1 

Pws (1) = 2339.25 Pa 
Pw (5) = 1871.51 Pa 

𝐴𝐴 =
1=.%1?/ +

,-.∙1=@1.?1AB

=.C1/?	DE/0FGH/0∙IJC.1?	E
 = 13.8 g/m3 

6 Mixing ratio - x 

The mixing ratio (mass of water vapor/mass of dry gas) is calculated using: 

𝑥𝑥 = 𝐵𝐵 .#
.K.#

 , where     (9) 

x = Mixing ratio gH2O/kgdry gas 

𝐵𝐵 =
9'(1
923$

∙ 1000 in g/kg, where 

MH2O = Molecular weight of water =  18.0154 g/mol 1 
Mgas = Molecular weight of gas in g/mol (air = 28.965 g/mol 1 -> Bair = 621.97 g/kg) 
Pw = Vapor pressure in Pa 
p = Total pressure in Pa 

B can be calculated for other gasses by using their molecular weight. Example calculation for 
hydrogen (H2) [4]: 

𝐵𝐵 =
9'(1
9'(

∙ 1000 = 1=.%1?/	L/4NO
I.%1?,	L/4NO

∙ 1000 = 8 938.0 g/kg 

  

 
1 See chapter 0 
 
Molecular weight  
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𝐴𝐴 = 9'()∙.#
;∙<*

, where      (8) 

A = Absolute humidity in g/m3 

MH20 = Molecular mass of water in g/mol 
R = Universal gas constant 8.3145 J·K-1·mol-1 
Pw = Vapor pressure in Pa 

TK =Temperature in K 

Example: 

Calculate absolute humidity of air in following condition: 

RH = 80.0 %rh 
T = 20 °C => Tk = 293.15 K 
P = 101325 Pa 

Molar mass of water = 28.965 g/mol 1 

Pws (1) = 2339.25 Pa 
Pw (5) = 1871.51 Pa 

𝐴𝐴 =
1=.%1?/ +

,-.∙1=@1.?1AB

=.C1/?	DE/0FGH/0∙IJC.1?	E
 = 13.8 g/m3 

6 Mixing ratio - x 

The mixing ratio (mass of water vapor/mass of dry gas) is calculated using: 

𝑥𝑥 = 𝐵𝐵 .#
.K.#

 , where     (9) 

x = Mixing ratio gH2O/kgdry gas 

𝐵𝐵 =
9'(1
923$

∙ 1000 in g/kg, where 

MH2O = Molecular weight of water =  18.0154 g/mol 1 
Mgas = Molecular weight of gas in g/mol (air = 28.965 g/mol 1 -> Bair = 621.97 g/kg) 
Pw = Vapor pressure in Pa 
p = Total pressure in Pa 

B can be calculated for other gasses by using their molecular weight. Example calculation for 
hydrogen (H2) [4]: 

𝐵𝐵 =
9'(1
9'(

∙ 1000 = 1=.%1?/	L/4NO
I.%1?,	L/4NO

∙ 1000 = 8 938.0 g/kg 

  

 
1 See chapter 0 
 
Molecular weight  

x = 混合比 gH2O/kg
干燥气体

M
气体

10



可以用其他气体的分子量来计算其他气体的 B。例如，计算氢气 (H2) 可使用 [4]：
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5 Absolute humidity – A 

Absolute humidity is defined as the mass of water vapor in a certain volume. If ideal gas behavior is 
assumed, then absolute humidity can be calculated using: 

𝐴𝐴 = C'($∙5#
E∙F)
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Pws (1) = 2339.25 Pa 
Pw (5) = 1871.51 Pa 

𝐴𝐴 =
GH.JKL *

+,-∙9HM9.L9NO

H.P97L	QR./STU./∙GJP.9L	R
 = 13.8 g/m3 

6 Mixing ratio – x 

The mixing ratio (mass of water vapor/mass of dry gas) is calculated using: 

𝑥𝑥 = 𝐵𝐵 5#
5V5#

, where     (8) 

x = Mixing ratio gH2O/kgdry gas 

𝐵𝐵 =
C012

C'($
∙ 1000 in g/kg, where 

MH2O = Molecular weight of water =  18.0154 g/mol1 
Mgas = Molecular weight of gas in g/mol (air = 28.965 g/mol 1 -> Bair = 621.97 g/kg) 
Pw = Vapor pressure in Pa 
p = Total pressure in Pa 

B can be calculated for other gases by using their molecular weight. An example calculation for 
hydrogen (H2) is [4]: 

𝐵𝐵 =
C012

C01
∙ 1000 = 9H.W9L7	X/>Z[

G.W9LK	X/>Z[
∙ 1000 = 8 938.0 g/kg 

  

 
1 See chapter 0 
 
Molecular weight  

示例：

计算以下条件下的混合比：

RH	 =	 50.0%rh

T 	 =	 80 °C => Tk = 353.15 K

p	 =	 101325 Pa

Pws (1)	 =	 47415.54 Pa

Pw (5)	 =	 23703.69 Pa

x = 621.97 * 23703.69 / (101325 – 23703.69) = 189.93 g/kg

7.	焓值 – h

在恒压下，可使用以下公式从混合比计算出水蒸气的特定焓值。请注意，以下公式中给定的系数取决于温度和气压。这些常量可计

算出常压下的准确结果。可使用水蒸气表中的温度特定值来提高蒸发热焓 hwe 的准确度：
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Example: 

Calculate mixing ratio in the following conditions: 

RH = 50.0%rh 
T = 80 °C => Tk = 353.15 K 
p = 101325 Pa 

Pws (1) = 47415.54 Pa 
Pw (5) = 23703.69 Pa 

x = 621.97 * 23703.69 / (101325 - 23703.69) = 189.93 g/kg 

7 Enthalpy – h 

The specific enthalpy of water vapor at a constant pressure can be calculated from the mixing ratio 
using the following formula. Note that the coefficients given in the following equation are 
dependent on temperature and pressure. These constants will give accurate results at ambient 
pressure. Cpw accuracy can be improved by using a temperature-specific value from a steam table: 

ℎ = 𝐶𝐶\] ∙ 𝑇𝑇 + A
9WWW

(𝐶𝐶^: + ℎ:_ ∙ 𝑇𝑇), where   (9) 

h = Enthalpy in kJ/kg 

Cpg = Specific heat of gas at constant pressure: air = 1.006 kJ/kg°C 

Cpw = Specific heat of water vapor at constant pressure at 0 °C: 2501 kJ/kg°C 

hwe = Evaporation heat of water at 0 °C: 1.84 kJ/kg°C 

x = Mixing ratio gH2O/kgdry gas 

T = Temperature in °C 

Example: 

Calculate enthalpy in the following conditions: 

x = 190 g/kg 
T = 80 °C 

ℎ = 1.006 `Q
`]

°C ∙ 80°𝐶𝐶 +
9JW '

3'

9WWW
(2501	kJ/kg°C + 1.84	kJ/kg°C ∙ 80	°𝐶𝐶) = 584 kJ/kg 
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其中		  (10)

h		 =	 焓值 (kJ/kg)

Cpg	 =	 恒压下的特定气体比热：空气 = 1.006 kJ/kg°C

Cpw	 =	 0 °C 时，恒压下的特定水蒸气比热：1.84 kJ/kg°C

hwe	 =	 0 °C 时，水蒸发所消耗的热量：2501 kJ/kg

x		 =	 混合比 gH2O/kg
干燥气体

 T	

T		 =	 温度 (°C)
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示例：

计算以下条件下的焓值：

x	=	 190 g/kg

T 	 =	 80 °C

 

Humidity conversions 9 (14) 
   
   

 
 

  

Example: 

Calculate mixing ratio in the following conditions: 

RH = 50.0%rh 
T = 80 °C => Tk = 353.15 K 
p = 101325 Pa 

Pws (1) = 47415.54 Pa 
Pw (5) = 23703.69 Pa 

x = 621.97 * 23703.69 / (101325 - 23703.69) = 189.93 g/kg 

7 Enthalpy – h 

The specific enthalpy of water vapor at a constant pressure can be calculated from the mixing ratio 
using the following formula. Note that the coefficients given in the following equation are 
dependent on temperature and pressure. These constants will give accurate results at ambient 
pressure. Cpw accuracy can be improved by using a temperature-specific value from a steam table: 

ℎ = 𝐶𝐶\] ∙ 𝑇𝑇 + A
9WWW

(𝐶𝐶^: + ℎ:_ ∙ 𝑇𝑇), where   (9) 

h = Enthalpy in kJ/kg 

Cpg = Specific heat of gas at constant pressure: air = 1.006 kJ/kg°C 

Cpw = Specific heat of water vapor at constant pressure at 0 °C: 2501 kJ/kg°C 

hwe = Evaporation heat of water at 0 °C: 1.84 kJ/kg°C 
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°C ∙ 80°𝐶𝐶 +
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9WWW
(2501	kJ/kg°C + 1.84	kJ/kg°C ∙ 80	°𝐶𝐶) = 584 kJ/kg 

  

8.	H2O 含量 – ppm（百万分之几）

有四种不同的方式可用于表示 H2O 含量，使用正确的方式很重要。水含量可指质量分数或体积分数。除此之外，ppm 可以表示

为干燥气体占比或总气体占比。以下各章将介绍这四种不同的变化形式。

8.1	 ppm V 干 – 体积(水气)  /体积(干气)
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8 H2O content – ppm (parts per million) 

There are four different ways to express H2O content and it is important to use the correct one. 
H2O content may refer to either mass fraction or volume fraction. In addition to this, ppm can 
be expressed as a proportion of dry gas or as a proportion of total gas. These four different 
variations are described in the following chapters. 

 ppmV dry – VolumeH2O/volumedry 

𝑝𝑝𝑝𝑝𝑝𝑝a	<bc = 5#
^V5#

∙ 10K, where    (10) 

PW = Vapor pressure in Pa 

p = Total pressure in Pa 

 ppmm dry – MassH2O/massdry 

𝑝𝑝𝑝𝑝𝑝𝑝>	<bc =
C012∙5#

C'($∙(^V5#)
∙ 10K, where    (11) 

MH2O = Molecular weight of water in g/mol (18.0146)2 

Mgas = Molecular weight of dry gas in g/mol (air = 28.965) 2 

 ppmV wet – VolumeH2O/volumewet 

𝑝𝑝𝑝𝑝𝑝𝑝a	:_f = 5#
^

∙ 10K     (12) 

 ppmm wet – MassH2O/masswet 

𝑝𝑝𝑝𝑝𝑝𝑝>	<bc =
C012∙5#
C'($∙^

∙ 10K     (13) 

  

 
2 See chapter 11 
 
Molecular weight 

 
其中			   (11)

PW	 =	 水蒸气压力 (Pa)

p	 =	 总压力 (Pa)

8.2	 ppmm 干 – 质量(水气) /质量(干气)
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8 H2O content – ppm (parts per million) 

There are four different ways to express H2O content and it is important to use the correct one. 
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C012∙5#
C'($∙^

∙ 10K     (13) 

  

 
2 See chapter 11 
 
Molecular weight 

 
其中			   (12)

MH2O	 =	  水的分子质量 g/mol (18.0146)

M
气体

	  =	  干燥气体的摩尔质量 g/mol（空气 = 28.965） 2

8.3	 ppmV 湿 – 体积(水气)/体积(湿气)
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2 See chapter 11 
 
Molecular weight 

			   (13)

8.4	 ppmm 湿 – 质量H2O/质量
湿
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2 See chapter 11 
 
Molecular weight 

			   (14)

2  请参见第 10 章“分子量”

ppmv 干 =

ppmv 湿 =

ppmm 干 =

M
气体

M
气体

ppmm 干 =
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9.	湿球温度 – TW

可通过称为干湿计的装置利用物体湿表面的冷却效应来测量湿度。如今，这些装置大多被现代电容式薄膜湿度计所取代。不过，该

参数在使用蒸发冷却的其他应用领域中得到了应用。由于气化过程中存在许多不确定因素，例如通风、材质等，因此指定该参数的

准确度较为困难，但在确定干湿表系数时，可以综合考虑这些因素。本文档将使用维萨拉湿度仪表中已确定的系数。

9.1	 根据湿球温度计算水蒸气压力 – Tw 到 Pw

干球温度 T
干
 和湿球温度 T

湿
可转换为 Pw

使用以下公式：

Pw	 =	 Pws (Tw , p) – p∙KA∙(T–Tw )∙(1+KB∙Tw )，其中							       (15)

Pw	 =	 水蒸气压力 (Pa)

Tw	 =	 湿球 (°C)

p	 =	 总压力 (Pa)

KA	 =	 水的干湿表系数 A：0.000662 °C-1

KB	 =	 水的干湿表系数 B：0.00115 °C-1

9.2	 根据水蒸气压力计算湿球 – Pw 到 Tw

根据水蒸气压力、温度和总压力计算湿球温度涉及复杂的公式，因为增强因子和水蒸气压力都将影响湿球温度的结果。可使用一

个迭代过程计算湿球温度：

试错过程的初始值应足够宽泛，以便在其边界内包含计算结果。大多数应用的正确值如下所示。

Td 最小值
 = -100 °C,Td 最大值

 = T + 5 °C，但最大值为 100 °C

在本文档中，Td 最小值
 限定在 -100 °C，因为这是 Pws 计算 (1) 的指定准确度限值。实际上，不应使用低于 0°C 的湿球读数，而应

改用霜球计算。在此引入一个小的差值 (+5 °C)，以防初始参数不准确。根据水蒸气压力计算湿球温度的迭代过程显示在下面的

示意图中：
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示例：

计算以下条件下的湿球温度：

RH	 =	 10.0 %rh

T		 =	 20 °C => Tk = 293.15 K

P 	 =	 101325 Pa

Pws (1) = 2339.25 Pa

答案：Tw = 7.8 °C

14

是

真：假：

否

计算，
Pws (2)，RH (4)

Pw -100 °C T + 5 °CT p

输入 输出初始值

迭代

计算，
Tw 平均值

计算，
PW 平均值 (15), RH

平均值
 (4)

Tw

Tw 最小值
Tw 最大值

Tw 最小值 ≈ Tw 最大值

Tw 最小值 = Tw 平均值
Tw 最大值 = Tw 平均值

RH
平均值 > RH



10.	 分子质量

在基于质量的湿度计算（如绝对湿度和混合比）中，需要使用物质的分子量（摩尔质量）M。物质的分子质量是气体成分的摩尔分数

乘以它们的摩尔质量的总和 [4]。以干燥空气为例：空气成分有季节性变化以及连续性变化（尤其是 CO2 含量的连续性变化）。	

以下是干燥空气的四组分简化表：

成分 摩尔比（mol/mol
空气

） 摩尔质量 [4] (g/mol) 空气中的摩尔质量
（g/mol

空气
）

氮气N2 0.7808 28.013 21.872

O2 0.2095 31.999 6.7037

Ar 0.0093 39.948 0.3715

CO2 0.0004 44.01 0.0176

总计 1 28.965

成分 摩尔质量 [4] (g/mol)

H2 2.0156

O 15.999

总计 18.0146

空气的摩尔质量为 28.965 g/mol。

可使用类似方法计算其他气体混合物。

水的化学分子式是 H2O，这意味着每个分子包含一个氧原子和两个氢原子。

水的摩尔质量为 18.0146 g/mol。
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11.	换算为英制单位

华氏度：

 

Humidity conversions 13 (14) 
   
   

 
 

  

10 Molecular weight 

The molecular weight of a substance (molar mass) M is needed in mass-based humidity 
calculations such as absolute humidity and mixing ratio. The molecular mass of a substance is the 
sum of the molar fractions of gas components multiplied by their molar mass [4]. Let’s take dry air 
as an example – there are seasonal variations in the air composition as well as a continuous change 
especially in the CO2 content. Here is a four-component simplification of dry air: 

Component Molar ratio 
(mol/molair) 

Molar mass [4] 
(g/mol) 

Molar mass in air 
(g/molair) 

N2 0.7808 28.013 21.872 

O2 0.2095 31.999 6.7037 

Ar 0.0093 39.948 0.3715 

CO2 0.0004 44.01 0.0176 

Total 1  28.965 

The molar mass of air is 28.965 g/mol. 

Other gas mixtures can be calculated using a similar method. 

The chemical formula of water is H2O, which means that each molecule contains one oxygen and 
two hydrogen atoms. 

Component Molar mass [4] 
(g/mol) 

H2 2.0156 

O 15.999 

Total 18.0146 

The molar mass of water is 18.0146 g/mol. 

11 Conversions to imperial units 

Fahrenheit temperature: 𝑇𝑇°h = 𝑇𝑇°i ∙ J
L
+ 32 

psi (pounds per square inch): 𝑝𝑝^;6 = 6894.76 ∙ 𝑝𝑝5@ 

Absolute humidity in grains per cubic feet: 𝐴𝐴Xb/BfP = 2.2883 ∙ 𝐴𝐴X/jX 

Mixing ratio in grains per pound: 𝑥𝑥Xb/[k	 = 0.14286 ∙ 𝑥𝑥X/jX 

Enthalpy in BTU per pound: ℎlFm/[k	 = 2.324 ∙ ℎX/jX 
 

Note that zero enthalpy has a different base temperature: 0 °F is often used together with the 
Btu/lb unit. 

 

 

psi（磅/平方英寸）：

 

Humidity conversions 13 (14) 
   
   

 
 

  

10 Molecular weight 

The molecular weight of a substance (molar mass) M is needed in mass-based humidity 
calculations such as absolute humidity and mixing ratio. The molecular mass of a substance is the 
sum of the molar fractions of gas components multiplied by their molar mass [4]. Let’s take dry air 
as an example – there are seasonal variations in the air composition as well as a continuous change 
especially in the CO2 content. Here is a four-component simplification of dry air: 

Component Molar ratio 
(mol/molair) 

Molar mass [4] 
(g/mol) 

Molar mass in air 
(g/molair) 

N2 0.7808 28.013 21.872 

O2 0.2095 31.999 6.7037 

Ar 0.0093 39.948 0.3715 

CO2 0.0004 44.01 0.0176 

Total 1  28.965 

The molar mass of air is 28.965 g/mol. 

Other gas mixtures can be calculated using a similar method. 

The chemical formula of water is H2O, which means that each molecule contains one oxygen and 
two hydrogen atoms. 

Component Molar mass [4] 
(g/mol) 

H2 2.0156 

O 15.999 

Total 18.0146 

The molar mass of water is 18.0146 g/mol. 

11 Conversions to imperial units 

Fahrenheit temperature: 𝑇𝑇°h = 𝑇𝑇°i ∙ J
L
+ 32 

psi (pounds per square inch): 𝑝𝑝^;6 = 6894.76 ∙ 𝑝𝑝5@ 

Absolute humidity in grains per cubic feet: 𝐴𝐴Xb/BfP = 2.2883 ∙ 𝐴𝐴X/jX 

Mixing ratio in grains per pound: 𝑥𝑥Xb/[k	 = 0.14286 ∙ 𝑥𝑥X/jX 

Enthalpy in BTU per pound: ℎlFm/[k	 = 2.324 ∙ ℎX/jX 
 

Note that zero enthalpy has a different base temperature: 0 °F is often used together with the 
Btu/lb unit. 

 

 

绝对湿度（格令每立方英尺）：

 

Humidity conversions 13 (14) 
   
   

 
 

  

10 Molecular weight 

The molecular weight of a substance (molar mass) M is needed in mass-based humidity 
calculations such as absolute humidity and mixing ratio. The molecular mass of a substance is the 
sum of the molar fractions of gas components multiplied by their molar mass [4]. Let’s take dry air 
as an example – there are seasonal variations in the air composition as well as a continuous change 
especially in the CO2 content. Here is a four-component simplification of dry air: 

Component Molar ratio 
(mol/molair) 

Molar mass [4] 
(g/mol) 

Molar mass in air 
(g/molair) 

N2 0.7808 28.013 21.872 

O2 0.2095 31.999 6.7037 

Ar 0.0093 39.948 0.3715 

CO2 0.0004 44.01 0.0176 

Total 1  28.965 

The molar mass of air is 28.965 g/mol. 

Other gas mixtures can be calculated using a similar method. 

The chemical formula of water is H2O, which means that each molecule contains one oxygen and 
two hydrogen atoms. 

Component Molar mass [4] 
(g/mol) 

H2 2.0156 

O 15.999 

Total 18.0146 

The molar mass of water is 18.0146 g/mol. 

11 Conversions to imperial units 

Fahrenheit temperature: 𝑇𝑇°h = 𝑇𝑇°i ∙ J
L
+ 32 

psi (pounds per square inch): 𝑝𝑝^;6 = 6894.76 ∙ 𝑝𝑝5@ 

Absolute humidity in grains per cubic feet: 𝐴𝐴Xb/BfP = 2.2883 ∙ 𝐴𝐴X/jX 

Mixing ratio in grains per pound: 𝑥𝑥Xb/[k	 = 0.14286 ∙ 𝑥𝑥X/jX 

Enthalpy in BTU per pound: ℎlFm/[k	 = 2.324 ∙ ℎX/jX 
 

Note that zero enthalpy has a different base temperature: 0 °F is often used together with the 
Btu/lb unit. 

 

 

混合比（格令每磅）：

 

Humidity conversions 13 (14) 
   
   

 
 

  

10 Molecular weight 

The molecular weight of a substance (molar mass) M is needed in mass-based humidity 
calculations such as absolute humidity and mixing ratio. The molecular mass of a substance is the 
sum of the molar fractions of gas components multiplied by their molar mass [4]. Let’s take dry air 
as an example – there are seasonal variations in the air composition as well as a continuous change 
especially in the CO2 content. Here is a four-component simplification of dry air: 

Component Molar ratio 
(mol/molair) 

Molar mass [4] 
(g/mol) 

Molar mass in air 
(g/molair) 

N2 0.7808 28.013 21.872 

O2 0.2095 31.999 6.7037 

Ar 0.0093 39.948 0.3715 

CO2 0.0004 44.01 0.0176 

Total 1  28.965 

The molar mass of air is 28.965 g/mol. 

Other gas mixtures can be calculated using a similar method. 

The chemical formula of water is H2O, which means that each molecule contains one oxygen and 
two hydrogen atoms. 

Component Molar mass [4] 
(g/mol) 

H2 2.0156 

O 15.999 

Total 18.0146 

The molar mass of water is 18.0146 g/mol. 

11 Conversions to imperial units 

Fahrenheit temperature: 𝑇𝑇°h = 𝑇𝑇°i ∙ J
L
+ 32 

psi (pounds per square inch): 𝑝𝑝^;6 = 6894.76 ∙ 𝑝𝑝5@ 

Absolute humidity in grains per cubic feet: 𝐴𝐴Xb/BfP = 2.2883 ∙ 𝐴𝐴X/jX 

Mixing ratio in grains per pound: 𝑥𝑥Xb/[k	 = 0.14286 ∙ 𝑥𝑥X/jX 

Enthalpy in BTU per pound: ℎlFm/[k	 = 2.324 ∙ ℎX/jX 
 

Note that zero enthalpy has a different base temperature: 0 °F is often used together with the 
Btu/lb unit. 

 

 

焓值（英国热量单位每磅）：

 

Humidity conversions 13 (14) 
   
   

 
 

  

10 Molecular weight 

The molecular weight of a substance (molar mass) M is needed in mass-based humidity 
calculations such as absolute humidity and mixing ratio. The molecular mass of a substance is the 
sum of the molar fractions of gas components multiplied by their molar mass [4]. Let’s take dry air 
as an example – there are seasonal variations in the air composition as well as a continuous change 
especially in the CO2 content. Here is a four-component simplification of dry air: 

Component Molar ratio 
(mol/molair) 

Molar mass [4] 
(g/mol) 

Molar mass in air 
(g/molair) 

N2 0.7808 28.013 21.872 

O2 0.2095 31.999 6.7037 

Ar 0.0093 39.948 0.3715 

CO2 0.0004 44.01 0.0176 

Total 1  28.965 

The molar mass of air is 28.965 g/mol. 

Other gas mixtures can be calculated using a similar method. 

The chemical formula of water is H2O, which means that each molecule contains one oxygen and 
two hydrogen atoms. 

Component Molar mass [4] 
(g/mol) 

H2 2.0156 

O 15.999 

Total 18.0146 

The molar mass of water is 18.0146 g/mol. 

11 Conversions to imperial units 

Fahrenheit temperature: 𝑇𝑇°h = 𝑇𝑇°i ∙ J
L
+ 32 

psi (pounds per square inch): 𝑝𝑝^;6 = 6894.76 ∙ 𝑝𝑝5@ 

Absolute humidity in grains per cubic feet: 𝐴𝐴Xb/BfP = 2.2883 ∙ 𝐴𝐴X/jX 

Mixing ratio in grains per pound: 𝑥𝑥Xb/[k	 = 0.14286 ∙ 𝑥𝑥X/jX 

Enthalpy in BTU per pound: ℎlFm/[k	 = 2.324 ∙ ℎX/jX 
 

Note that zero enthalpy has a different base temperature: 0 °F is often used together with the 
Btu/lb unit. 

 

 

请注意零焓值有不同的基础温度：0 °F 经常与 Btu/lb 单位一同使用。
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