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Nomenclature  
 

Parameter Definition Units 
A Acetaldehyde - 
𝑪𝒂𝒄 Acetaldehyde Heat Capacity kJ/kg°C 

𝑳′𝒂𝒄𝒕𝒖𝒂𝒍 Also none as  𝐿′ kmol/h 
v Atomic diffusion volumes m3 
𝑻𝒃 Boiling Point Temperature °C 
S Cross sectional area  𝑚2 

𝑫𝑨𝑩.𝑮 Diffusivity gas 𝑚2/𝑠 
𝑫𝑨𝑩.𝑳 Diffusivity liquid  𝑚2/𝑠 
𝑯𝒊 Enthalpy of species 𝑖 kmol/h 
B Ethylene - 
𝑪𝒆𝒕𝒉 Ethylene Heat Capacity kJ/kg°C 
𝒌′𝒚𝒂 Film Coefficient Gas kmol/ (m3s) 
𝒌′𝒙𝒂 Film Coefficient Liquid kmol/ (m3s) 
∆𝑷𝒇𝒍𝒐𝒐𝒅 Flooding pressure drop in. H2O/ft 
𝝆𝑮 Gas Density 𝑙𝑏𝑚𝑚/ft3 

𝑽𝟏 Gas flow in kmol/h 
𝑽𝟐 Gas flow out kmol/h 
𝑮𝑮 Gas Mass Velocity 𝑙𝑏𝑚𝑚/hft2 
𝑯𝑨𝑪
𝒊𝒏  Enthalpy of entering acetaldehyde kJ/mol 

𝑯𝒆𝒕𝒉
𝒊𝒏  Enthalpy of entering ethylee kJ/mol 

𝑯𝑨𝑪
𝒐𝒖𝒕 Enthalpy of leaving acetaldehyde kJ/mol 

𝑯𝒆𝒕𝒉
𝒐𝒖𝒕 Enthalpy of leaving ethylene kJ/mol 

∆𝑯𝒗𝒂𝒑,𝑨𝑪 Heat Of Vaporization For Acetaldehyde kJ/mol 
z Height m 
𝑯𝑮 Height of Transfer Unit (Gas) m 
𝑯𝑳 Height of Transfer Unit (Liquid) m 
𝑻𝒗𝟏 Inlet Gas Temperature °C 
𝑻𝒍𝟐 Inlet Liquid Temperature °C 
v Kinematic viscosity cSt 
𝝆𝑳 Liquid Density 𝑙𝑏𝑚𝑚/ft3 
𝑮𝑳 Liquid Mass Velocity 𝑙𝑏𝑚𝑚/hft2 
𝒎𝒈 Mass Gas Flowrate kg/h 
𝒎𝑳 Mass Liquid Flowrate kg/h 
𝑵𝑨 Mass Transfer Flux kmol/m2s 
𝒙𝟏,𝒎𝒂𝒙 Maximum molar composition of solute in 

liquid exiting when 𝐿′𝑚𝑖𝑛 is the slope of 
operating. 

- 

V Molar Flow in Gas kmol/h 
L Molar Flow in Liquid kmol/h 
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𝒚𝟏 molar gas fraction composition (inlet) - 
𝒚𝟐 molar gas fraction composition (outlet) - 
𝒙𝟐 molar liquid fraction composition (inlet) - 
𝒙𝟏 molar liquid fraction composition (outlet) - 
M Molar Mass kg/kmol 
∅  Molar volume of solute m3/kmol 

𝑫𝒑𝒂𝒄𝒌𝒊𝒏𝒈 Normal size inch 
𝒏𝒊 Number of moles - 
𝒒 Number of Species - 
N Number of Steps - 

𝑳′𝒎𝒊𝒏 Operating line has a minimum slope 
touching 𝑥1,𝑚𝑎𝑥 at equilibrium line 

kmol/h 

P Operating Pressure kPa 
𝑻𝒗𝟐 Outlet Gas Temperature °C 
𝑻𝒍𝟏 Outlet Liquid Temperature °C 
𝑭𝒑 Packing factor 𝑚−1 
𝑮𝒚 Packing Gas Flow Rate 𝑙𝑏𝑚𝑚/h 
𝑮𝒙 Packing Liquid Flow Rate 𝑙𝑏𝑚𝑚/h 
𝑻𝑹 Reference Temperature °C 
𝒇𝒑 Relative mass transfer coefficient - 
𝑵𝒔𝒄 Schmitt’s Number - 
𝑽′ Solute free gas molar flowrate kmol/h 
𝑳′ Solute free liquid  molar flowrate kmol/h 
𝒊 Species - 
𝒗𝑮 Superficial gas velocity/ flooding velocity ft/s 
a Surface area of packing 𝑓𝑡2/𝑓𝑡3 
𝝁 Viscosity Pa s 
ɛ Void fraction - 
𝑪𝒘 Water Heat Capacity kJ/kg °C 
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Appendix A – Figures  
 

 

Figure 1: Equilibrium Lines at different temperatures: 15°C, 25°C and 35°C. 

 

 

Figure 2: Diagram that illustrates, the operating line, equilibrium line and the operating line 
when L’min is the slope. 
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Where:  
𝑉1: The molar flowrate of ethylene gas entering the tower [kmol/h] 
𝑦1,A: The mole fraction of acetaldehyde in the ethylene gas entering [-] 
𝑉1.𝐴 : The molar flowrate of acetaldehyde in gas stream [kmol/h] 

Equation 6 is used to calculate the amount of acetaldehyde absorbed in the water stream which is 

99% of the acetaldehyde in the entering gas stream. 

(0.99)𝑉1.𝐴 = 𝐿2,𝐴  (6) 

(0.99)𝑉1.𝐴 =  0.99 ∗ 15
𝑘𝑚𝑜𝑙

ℎ
= 14.85

𝑘𝑚𝑜𝑙

ℎ

Where:  
𝐿2,𝐴: The molar flow rate of acetaldehyde in the exiting liquid stream [kmol/h] 
𝑉1.𝐴 : The molar flowrate of acetaldehyde in gas stream [kmol/h] 

The amount of acetaldehyde left in the gas stream after the absorption process is calculated using 

Equation 7. 

𝑉2,𝐴 = 𝑉1,𝐴 − 𝐿2,𝐴  (7) 

𝑉2,𝐴 =  15
𝑘𝑚𝑜𝑙

ℎ
− 14.85

𝑘𝑚𝑜𝑙

ℎ
= 0.15

𝑘𝑚𝑜𝑙

ℎ

Where:  
𝑉2,𝐴: Molar flow rate of acetaldehyde in the leaving gas stream [kmol/h] 
𝐿2,𝐴: The molar flow rate of acetaldehyde in the exiting liquid stream [kmol/h] 
𝑉1.𝐴 : The molar flow rate of acetaldehyde in gas stream [kmol/h] 



47 

Then using Equation 42 and 43 the total gas and liquid molar flowrates are calculated that 

correspond to the specific x and y values. 

𝑉 =
𝑉′

(1 − 𝑦)
 (42) 

𝐿 =
𝐿′

(1 − 𝑥)
 (43) 

𝑉 =
135 𝑘𝑚𝑜𝑙/ℎ

(1 − 0.0011098)
=
0.03754𝑘𝑚𝑜𝑙

ℎ

𝐿 =
999.0246 𝑘𝑚𝑜𝑙/ℎ

(1 − 0)
=  
0.2775𝑘𝑚𝑜𝑙

ℎ

The corresponding gas and liquid mass velocities are then calculated using Equation 44 and 45 

below. 

𝐺𝑦 =
𝑉[(1 − 𝑦)𝑀𝐸 + 𝑦𝑀𝐴 ]

𝑆
 (44) 

𝐺𝑥 =
𝐿[(1 − 𝑥)𝑀𝑤 + 𝑥𝑀𝐴 ]

𝑆
 (45) 

𝐺𝑦 =
0.03754𝑘𝑚𝑜𝑙/ℎ [(1 − 0.0011098) ∗

28.05𝑘𝑔
𝑘𝑚𝑜𝑙

+ 0.0011098 ∗ 44.052
𝑘𝑔
𝑘𝑚𝑜𝑙

 ]

0.2625𝑚2

= 0.277506
𝑘𝑔

𝑚2ℎ

𝐺𝑥 =

0.2775𝑘𝑚𝑜𝑙
ℎ

[
(1 − 0)18.02𝑘𝑔

𝑘𝑚𝑜𝑙
+ 0 ∗ 44.052

𝑘𝑔
𝑘𝑚𝑜𝑙

 ]

0.2625𝑚2
= 19.0472 𝑘𝑔/𝑚2ℎ 

Note: calculations shown for first iteration only. 




