                 Solution of 2nd  Midterm Exam ( 2nd semester 28/29, 5/5/29(10/5/08))
Q1  A)     
           For  permeate membrane , Transfer in the membrane occur  by diffusion

           Fick Law apply : NA= - D (dCA/dx )

           Integration under constant area :

              NA = D* [ (CA1-CA2) / ( x2-x1 ) ]

              Substitute CA1= ( S * PA) / 22.41

               NA= D*S [ ( PA1-PA2 ) / L * 22.414 ]            

     NA1= PM1 /22.414 [ (PA1-PA2)/ L1  --1

           NA2= PM2 /22.414 [ (PA2-PA3)/ L2  --2

           Rearrange eq.1&2 in the following form

            PA1-PA2= NA1 * 22.414( L1/PM1)  --3

            PA2-PA3= NA2 * 22.414( L2/PM2)  --4

         -------------------------------------------------

  -  add eq.3&4

  - At steady state , series membrane  NA1=NA2 =NA

          PA1-PA3= NA* 22.414 [ L1/PM1 + L2/PM2 ]

     NA = ( PA1-PA3 ) / [ 22.414 (L1/PM1 + L2/PM2 ) ]
 -------------------------------------------------------------------------------------------------------
Q1 B)
1- Three region of mass transfer occur it can be distinguished by Knudsen Number ( N kn) = λ /d   ( Bulk diffusion  Nkn < 0.01 , Knudsen diffusion  Nkn> 10 ,  Transition diffusion       0.01  <Nkn>  10 )
2- - Equimolar counter diffusion  α = 0  ,  using X avg = (Xa1+Xa2) / 2

3- Bulk diffusion  D α 1/p  ;    Knudsen diffusion  D is independent of pressure
4- Jd = Nst ( Nsc )0.67  -- 1   , Nst = Nsh/ NRe*Nsc  -----2      from 2 into 1                               Jd = NSh * ( Nsc )0.67  /  NRe*Nsc  = Nsh / NRe * Nsc0.33
Q1 c)
i- Film model : The resistance to mass transfer occur in a thin film near the wall were transfer occur by diffusion , beyond this film mixing is high that keep concentration constant

Na= D / ∆ x  ( Ca1- Ca2 )

Na = K  ( Ca1- Ca2 )
                   K  = D / ∆ x  
                  Parameter affecting K

1- Velocity of fluid

2- Properties of fluid

3- Configuration

ii- 1- Reynold analogy apply for gas only with skin friction

                 f/2= (h/ ρ * v * Cp ) = ( k’c / v )

                 Chilton coluburn analogy 

                  Jd = Jh = f / 2      [ Jh = NPr * (h/ ρ * v * Cp ) ] , Jd = Nst ( Nsc )0.67  
                  Apply for gas and liquid ,with skin friction , for drag friction Jd=Jh
            2- Direct processes involve processes were heat is added or removed or   

                 removed and added ( e.g. distillation , stripping, crystallization,…)

                 Indirect processes involve processes that use forign substance            

                 ( e.g. absorption , leaching, Ion exchange,….)

Q2     NRe          ρ v d / μ = 0.0695 * 3600 *0.1 / 0.0467 = 535.8

          Nsc           μ / ρ * D= 0.0467/ 0.0695 * 0.2682         = 2.505
          Nsh = 2 +  0.552 NRe0.52 Nsc 0.33 = kc’ * d / D =  21.62

          K’c = 21.62* 0.2682 / 0.1= 58 ft/sec
          K’c =Kc  ( Ppm = 1 )

b) Nst =Kc / v = NSh / NRe * NSc = 58 / 3600 = 0.0161

c) Jd = Nst ( NSc ) 0.67 = 0.0161 * 1.85  = 0.03

d) Flux = Kc ( CA1-CA2) = Kc/R*T (PA1-PA2)= Kg ( PA1-PA2)
PA1 = 0.555/760  , PA2= 0.0 , T = 113+ 460= 573 R

Flux = ( 58/ 0.73 * 573 ) * ( 0.555/760 – 0) = 1.013x 10-4  lbmole/hr ft2
Rate = Flux *Area
Area = 4πr2    =  πD 2 = 0.0314 ft2

Rate = 1.013x 10-4 * 0.0314 = 3.181x 10-6 lb mole / hr

e) V=0,K=2,  K = 2 * 0.2682 / 0.1 =  5.364 ft/ hr ( natural conv.)

f) ∆ x = D / Kc = 0.2682 / 58 = 4.62x10-3 ft
