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Probability Distributions of Discrete Variables

Answer: First, let us calculate the sample mean as an estimate of the population L u,)«
mean, L. | W‘Q‘A'-Zt
0 ; M%‘g‘-‘l' 0 T bpseneS,
) *{LT7KLG- - il .
2 10 g.)cscl.g SP 0-1232S
3 8 O233286) - -24- - = =S oS0
4 6 o (gRles- - 24 . -0 130 L
5 3 0NTé4-- 15— _ 0 0’—;(-1
6 3 004%665 18 _ 0647 ¢
7 I e-tj2gei--7 . ) 1
>8 0 af0J61-& o . Q- pliggl
Total 40 115 )

= H('TF(“x) (IK
Q

Then x = %ﬁ:’ = % =2.875. Then take {1 = A¢ = 2.875 in 6 minutes. - i
Then A =ZL—I :E'zj =0.479 cars / minute.
!

According to the Poisson Distribution, then, Pr [R=r] = (2.875) 2575/ r!. It was
mentioned previously that once one of the Poisson probabilities is calculated, others
can be calculated conveniently using the recurrence relation of equation 5. 14,

At

Pr[R=r+1] = (;Tl' ]Pr [R=r].

Calculation of Poisson probabilities and relative frequencies gives the following

results: Y« 1)
r f Pr [R=r] Relative F requency ‘*"L f | @/ :[- CM #
0 2 0.0564 0.0500 -0 = 447
1 7 0.1622 0.1750 -~ AR
2 10 02332 0.2500 - . 490 =1 ¢l7% -
3 8 0.2234 0.2000 . . -9 n
4 6 0.1606 0.1500 _ . : 9L Y 7c- Ax
5 3 0.0923 00750 — . - Zr by = I \78 h
6 3 0.0442 00780, - = = = |o9 =2 .9093
7 I 0.0182 002500 ~— — — ~ 49 ‘ _
S8 0 0.0095 0 0 Gy =70 5¢

The frequencies from the problem statement are compared with the calculated
expected frequencies in Figure 5.18. It can be seen that the agreement between

Fox) g audyw
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« Adistillation process is shown in Figure. You are asked to solve for all of the values
of the stream flows and compositions. Explain each answer and show all details of
how you reached your decision. For each stream (except F), the only components
that occur are labeled below the stream. Solve the system by Matlab function.

I

1000 kg hr
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N W
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Figure shows a simplified process to make ethylene dichloride (C,H,Cl,). The feed
data have been placed on the figure. Ninety percent conversion of the C,H, occurs
on each pass through the reactor. The overhead stream from the separator
contains 98% of the Cl, entering the separator, 92% of the entering C,H,, and 0.1%
of the entering C,H,Cl,. Five percent of the overhead from the separator is purged.

Calculate (a) the flow rate and (b) the composition of the purge stream using
Matlab function.

Purge
Hacycle
L !
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a
f
Fead ¢ ' Aeacion B 3
< E:l:I_EI'- + I:: = — |:.,: -l:l:ll. _r.r'l' I
CaH, 100 molhe . |
CL 100 maolihr o
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Two interacting tank in series with outlet flow rate being function of the
square root of tank height. Write mass balance (ordinary differential
equation) equations of two tanks assuming no change of density in the
system.

F F=5 ft3/min, A;=5 ft*>, A,=10 ft?,
| R,=2.5 ft>3/min,

Solve two equations with ode45
by by function in Matlab and find h, in
e Y the time range from t=0 min to
D4—> D> t=150 min. At t=0, h,(0)=12 and
F = Ry\Jly —h, Fy=Ry\fly h,(0)=7.




Consider the stirred Tank Heater System (Figure): Total momentum of the system
remains constant and will not be considered. Write total mass balance: Total mass
In the tank at any time t =rV = rAh where A represents cross sectional area, h
represents height of liquid and r represents density of the liquid. Assuming that
the density is independent of the temperature and remains constant. Take F =

0.02236+/h. Write energy balance equation considering no change in kinetic
energy and potential energy. For liquid system assume change of internal energy
same as enthalpy change. Heat given through steam is Q=10 kW and it is remains
unchanged. Solve total mass balance and energy balance equations with state
variables h (in material balance) and T (in energy balance) by Matlab ode solver
with initial gauss of T=30°C and h=0.1 m. Find the steady state h and steady state T
of the tank. Take inlet temperature of the tank T,=30°C, inlet flow rate of the tank
F=0.01 m3/min. A=1 m?, r=1000 kg/m?, C,=2000 J/kg.

|

==
Fi " j
Ti
L___/T
h=height
-
A = Cross-sactional
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o Vapor-Liquid equilibrium for ideal mixture

1. A liquid mixture contains 50% pentane (1), 30% hexane (2) and 20% cyclohexane
(3) (all in mol-%), i.e., Xx1= 0.5; X2=0.3; Xx3=0.2. At T = 400 K, the pressure is
gradually decreased. Estimate bubble pressure and composition of the first vapor

that is formed using Matlab-generated code. Assume ideal liquid mixture and
|deal gas (Raoult’s law).

Components (A s lc__

pentane 3.97786 1064.840 -41.136

hexane 4.00139 1170.875 -48.833

cyclohexane  3.93002 1182.774 -52.532
B

Where, log;¢Psq:(bar) = A — TGO

2. Consider the liquid mixture with 50% pentane (1), 30% hexane (2) and 20%
cyclohexane (3) (all in mol-%). At p = 5 bar, the temperature is gradually increased.
Estimate bubble temperature and composition of the first vapor that is formed

using Matlab-generated code. Assume ideal liquid mixture and Ideal gas (Raoult’s
law).



3. A vapor mixture contains 50% pentane (1), 30% hexane (2) and 20%
cyclohexane (3) (all in mol-%), i.e., y1=0.5; y2=0.3; y3=0.2. At T =400
K, the pressure is gradually increased. Estimate dew-point pressure and

composition of the first liquid that is formed using Matlab-generated
code. Assume ideal liquid mixture and Ideal gas (Raoult’s law).

4. A vapor mixture contains 50% pentane (1), 30% hexane (2) and 20%
cyclohexane (3) (all in mol-%), i.e., Y1=0.5; y2=0.3; y3=0.2. AtP =5 bar,
the temperature is gradually decreased. Estimate dew-point T and

composition of the first liquid that is formed using Matlab-generated
code. Assume ideal liquid mixture and Ideal gas (Raoult’s law).



Vapor-Liguid equilibrium for non ideal mixture

. Estimate the bubble point temperature and vapor composition for a acetone (1)

and water (2) liquid mixture with x; = 0.01 at a total pressure of 101.3 kPa6 with a
Matlab code. Use the Wilson model with the parameters:

A

Acetone 0.1173 0.4227
Water

X B 297595
InP*sqe(kPa) = 14.71712 T(K)—34.5228

) _ . 3985.44
InP sat(kpa) = 16.5362 T(K)—38.9974




2. Construct a Txy diagram for a mixture of ethanol (1) with hexane (2) at a total
pressure of 101.3 kPa with a Matlab code. Use the Wilson model with the
parameters Ay, = 0.0952, A,; = 0.2713. Vapor pressure: (P’ in kPa and T in °K)

Wilson

3423.53
T(K)—55.7172
2825.42
T(K)—42.7089

InPt. . (kPa) = 16.1952 —

InP?.,;(kPa) = 14.0568 —

In 1 =-In[x; + xA15] Aromatics, alcohol. ketones,
. , ethers. C4-Cyg hydrocarbons
+ 15 4\12 . x\ll
[ Yl + \':4\12 \‘2 + \-11\:1

In 5=~ It + ¥iAg1
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+ 3y N 12




