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for mixtures of ideal gases:                                      
 
mole fraction,  yi = ni/nmix = pi/pmix = Vi/Vmix = (xi/Mi)/(1/Mmix)                mass fraction, xi = mi/mmix  = yiMi/Mmix          
 

Cp mix = ∑𝑥𝑥𝑖𝑖 𝐶𝐶𝑃𝑃𝑖𝑖     R mix = ∑𝑥𝑥𝑖𝑖 𝑅𝑅𝑖𝑖     M mix = ∑𝑦𝑦 𝑖𝑖 𝑀𝑀𝑖𝑖      k mix ≠ ∑𝑥𝑥𝑖𝑖 𝑘𝑘𝑖𝑖 

 
 
for air-standard cycles:   rv = v1/v2        rc = v3/v2 = T3/T2       rp = p2/p1      air standard Diesel:  rc/rv = v3/v4  
 
 
for mixtures of air and water vapor: 
 
relative humidity, Ф = 𝑦𝑦

𝑦𝑦𝑠𝑠𝑠𝑠𝑠𝑠
 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑎𝑎𝑎𝑎 𝑇𝑇,𝑃𝑃

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑎𝑎𝑎𝑎 𝑇𝑇,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
  =  𝑃𝑃𝑣𝑣

𝑃𝑃𝑔𝑔
  = 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑎𝑎𝑎𝑎 𝑇𝑇,𝑃𝑃

 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑎𝑎𝑎𝑎 𝑇𝑇,𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
 

 
specific humidity (humidity ratio), ω = 𝑚𝑚𝑣𝑣

𝑚𝑚𝑎𝑎
 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎
 = 𝑀𝑀𝑣𝑣

𝑀𝑀𝑎𝑎

𝑃𝑃𝑣𝑣
𝑃𝑃𝑎𝑎

 = 0.622 𝑃𝑃𝑣𝑣
𝑃𝑃𝑎𝑎

  
 
 
for mixture of air and water vapor with evaporation or condensation: 
 
𝑄𝑄
𝑚𝑚𝑎𝑎

 = Cp(T2 – T1)   + ω2 hv2 – ω1 hv1 + (ω1 - ω2) hliq 

 
 
for reacting mixtures of ideal gases:  𝑞𝑞� + ∑ 𝑛𝑛𝑖𝑖𝑖𝑖  [ ℎ�𝑓𝑓0 + Δℎ� ]i  =  𝑤𝑤�  + ∑ 𝑛𝑛𝑒𝑒𝑒𝑒  [ ℎ�𝑓𝑓0 + Δℎ� ]e                                                                                     
                                                                                           reactants                                 products 
 
ℎ�𝑅𝑅𝑅𝑅0  = ∑ 𝑛𝑛𝑒𝑒𝑒𝑒   [ ℎ�𝑓𝑓0  ]e - ∑ 𝑛𝑛𝑖𝑖𝑖𝑖   [ ℎ�𝑓𝑓0  ]i  = enthalpy of combustion = enthalpy of reaction = heating value 
 

 
mean effective pressure, mep = 𝑤𝑤𝑛𝑛𝑛𝑛𝑛𝑛

𝑣𝑣2−𝑣𝑣1
      compression ratio, rv = 𝑣𝑣1

𝑣𝑣2
     

 
pressure ratio,  rp = 𝑝𝑝2

𝑝𝑝1
              Air std Diesel: cutoff ratio,  rc = 𝑣𝑣3

𝑣𝑣2
 = 𝑇𝑇3

𝑇𝑇2
       𝑣𝑣3

𝑣𝑣4
 = 𝑟𝑟𝑐𝑐

𝑟𝑟𝑣𝑣
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         Isentropic, ideal gas, non-constant specific heats 

ηturbine = wa/ws            ηcompressor =  ws/wa              ηpump = ws/wa            ηnozzle = 
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