Wolfram LEP tutorial

Step 1: Open chapter 12 and click on LEP-T12-2.cdf under “Wolfram CDF Code” section. After clicking,
you should see that the file is downloaded in the bottom of the browser
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Design: Flow Reactors with Heat Exchange

Living Example Problems

The following examples can be accessed with Polymath™, MATLAE™, or Wolfram CDF Player™.
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Step 2: To run the file, click on the file you just downloaded. If you are able to open it then go to Step 6.

If you are not able to open it then follow the Steps 3-5




Step 3: Click on the "Start" button in the bottom left corner of the screen and type CDF. You will find
that Wolfram CDF Player is present under Programs menu. Click to open the CDF player
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Step 4: The following window will appear. Click “Open” which is present on the left panel of CDF player
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Step 5: Choose the location where your file is present using the menu present on left side. By default,
it should be in Downloads. Select the file LEP-T12-2 and click Open
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Step 6: After opening the file, you should see the following window. If the graph doesn’t appear, then
press Shift+Enter
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(#Table T12-2 Computer Experiments) i

Differential equations

4| d(Ta)/d(W) = Uarho™ (T-Ta)/(mc"Cpcoal)

2 d(p)/d(W) = -alpha/2*(T/Ta)/p

3 d(TY/d(W) = (Uarho® (Ta-T)+{-ra)"(-Hr))/(Fao" sumcp)

4 dOXVAW) = -ra/Fao alpha D
Explicit equations Uarha - D
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17 k = 004" exp(Ea/1.987(1/310-1/T})) Cto D

18 yaa = 1/(1+thetaB+thetal)

19 Cao = yao"Cto Ea - D

20 sumcp = (thetal*Cpl+CpasthetaB*Cpa) e
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22 Cb = Cao"(thetaB-X)=p=To/T
23 Cc = Cao"2°X"p*To/T
24 ra = &*[Ca"Cb-Cc™2/ke)




Step 7: To view the effects of changing various parameters on the graph, use slide bars (shown by green
circle). You can move the slide bar from extreme left (minimum value of parameter) to extreme right
(maximum value of parameter). To view and set the values of the variables, click “+’ button present on
the right of each slider (shown by red). You can also play animation using various buttons present
(shown by blue rectangle)
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Differential equations

1 d(Ta)/d(W) = Uarho™(T-Ta)/(me"Cpeool)

2 dip)/d(W) = -alpha/2*(T/To)p

3 ATY/OW) = (Uarho™(Ta-T)+{-ra)"(-Hr)}/(Fao" sumcp)

Iph
4 d(X)/d(W) = rafFao alpha D o

Explicit equations

Hr = -20000 Uarho D

2 alpha = .0002
3 To=330 me x
4 uarho = 0.5 Cpme D 1.0
5 mc=1000
6 Cpeool = 18 Hr D 0.8
7 | Ke = 100" (exp(Hr/1.987"(1/303-1/T))) .
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16 e = ({thetaB+1)"Kc- (((thetaB+1)"Kc)*2-4"[Kc-4)" (Kc " thetall) ) ~0.5)/(2 " (Kc-4)) CpB D "o 1000 2000 3000 4000 ¢
17 k = .004=exp(Ea/1.987"(1/310-1/T))
18 ya0 = 1/(1+thetaB+thetal) Cto D
19 Cao = yao™Clo
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21| Ca = Cao™(1-X)"p"To/T prafile e
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Step 8: Let’s change only Hr value from -20000 to the minimum allowed in the slide bar. Take the slide
bar of Hr to the left extreme and see how the graph changes
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Differential equations

1 d[Ta)/d(W) = Uarho™(T-Ta)/(me=Cpeoal)
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4 d[X)/d(W) = -rafFao
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Explicit equations

1 Hr =-20000 Uarho D
2 alpha = .0002
3 To=310 me D X
4 usrho =05 cpme 1.0
5 mc=1000
6 Cocool = 18 0.8
7 Ke = 1000° (exp(Hr/1.987*(1/303-1/T)))
8 Fao=5 Fao D 0.6 ‘
9 thetal = : i
10 i::n—lm] thetal D X
= e
11 cpa =20 0.4
Cpl D P—
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14 Cto = 0.3
15 Ea = 25000 thetab D 0.0 /j (ka)
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17 k = 004" xp(Ea/1.987%(1/310-1/T})

18 yao = 1/(1+thetaB+thetal) Cto D
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23 Cc = Cap*2"X*p*To/T
24 ra = -k*(Ca™Ch-Cc 2/K)



Step 9: To go back to initial values of all the parameter, you can either close the program and re-open
OR click on the “+” button on the top right corner of graph and choose “Initial settings”. If you don’t
reset the values, then simulation will retain new value of the parameter. Let’s reset the parameter value
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Step 10: To view temperature profile, click on Temperature tab present in the profile option. Use slide
bar to see the effect of various parameters
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Differential equations
1 d(Ta)/d[W) = Uarho™(T-Ta)(me=Cpeool)
2 d(p)/a(w) = -alpha/2*(T/Te)/p

3 d(TYAW) = (Uarho®(Ta=T)+{-ra)* (-Hr))/(Fao" sumcp) alpha - D
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20 sumep = (thetal* CpI+CpA-+thetaB=CpE) Ea - I
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Step 11: Currently, you can’t see the codes written for this simulation as codes are hidden. If you wish
to see the code or make any changes (to make changes you need MATHEMATICA), you can double click

on the right most vertical bar. In the below screenshot, under red rectangle, you can see two bars. You
need to double click on the bar which is shown by blue color
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After you double click, you will see the complete codes as shown below

LEP-T12-2.cdf - Wolfram Mathematica 11.0
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(sTable T12-2 Computer Experiments
- ¥anipulate [
Module [ {sol1, plt1, plt2, yao},
Ke[T] := 1000+ (Exp[Hr /19873 (1/383-1/T[u])1);
ka[T] := .00t + Exp[Ea / 1.967 % (1/310-1/T[W])];
¥20 = 1/ (14 thetas + thetar) ;
To = 330;
Xe[Ke] 2= ((thetaB + 1) +Kc[T] - (((theta + 1) +Kc[T]) ~2-4  (KC[T] -4) # (Kc[T] # thetaB) ) ~@.5) / (24 (Kc[T] -4));
€20 = yao # Cto;
sumcp = (thetal s CpI+ Cpa + thetas # CpB) 5
€alX, p, T] 1= a0 (1-X[W]) #p[W] +T0/ T[H];
(X, p, T] 1= Ca0  (thetad - X[H]) #p[H] 4 To/ T[H];
Cc[X, p, T] 1= Cao# 24 X[W] #p[W] #To / T[H];
raka, Ca, Cb, Cc, Kc] 2= -ka[T] % (CalX, p, T +CbIX, p, T] - (Cc[X, p, T1) ~2/Ke[T]) 5
s0l1 = Nosolve [{Ta"[ Warho # (T[] - Ta[w]) / (wc % Cprc) , p [] == ~3lpha / 2# (T[W] / To) / p[], T"[¥] == (Uarho s (Ta[w] - T[W]) + (-ra[ka, Ca, Cb, Cc, Kc]) % (~Hr)) / (Fa0  suncp) ,
X[ -ralka, Ca, Cb, Cc, Ke] / Fao, Ta[e] = 320, p[e] = 1, T[e] = 339, X([0] = 0}, {Ta, p, T, X], (¥, 8, 4500}];
pltt = Plot[{Evaluate [X[w] /. sol1], Evaluate [Xe[Kc] /. sol1]), (¥, @, 4500} , Avestabel -» {1 [kg] , X}, PlotLegends - (X", “X="} , PlotRange - { {@, 4500} , (@, 1)}, Basestyle -» {Fontweight - "Sold", Fontsize » 12}];

pltz = Plot[ {Evaluate [T[«] /. sol1], Evaluate [Ta[w] /. sol1]}, (¥, @, 4500} , Axestabel + {4 [kg] , Temperature [K]}, PlotRange - { (@, 4500} , {300, 400} } , PlotLegends - {T", "Ta"}, Basestyle - { Fontweight + "80ld", Fontsize - 12}];
sitch[ctrl, 1, show[plt1], 2, Show(plt2]]],

{{alpha, .0002} , 0.00005, 0.00021, 0.00001}, { {Uarto, 0.5}, 0.85, 2, 0.82}, {{r<, 1000}, 0.5, 4600, 1}, {{Cp=, 18}, 2, 30, 2}, {{ir, - 20000} , - 30000, - 10000, 1000} , {{F20, 5}, 1, 10, 1},
{{thetaz, 1}, 0.2, 5, 0.2}, {{CpI, 40}, 20, 60, 5}, {{CP4, 20}, 5, 40, 2}, {{thetaB, 1}, 8.2, 5, .2}, {{CPB, 20}, 4, 30, 2, {{Cto, @.3}, 0.5, 0.8, 0.02} , { {E3, 25000} , 10000, 40000, 2000} ,

4 000w = raF0
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