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1. (20 points) A steel company makes four different types of steel alloys, called A1, A2, A3 and
Ad4. Each alloy contains small amounts of chromium (Cr), molybdenum (Mo), titanium (Ti)
and Nickel (Ni). The required composition of each alloy is given below.

Alloy Cr Mo Ti Ni
) | (%) | (%) | (%)

Al 1.6 0.7 1.2 0.3
A2 0.6 0.3 1.0 0.8
A3 0.3 0.7 1.1 1.5
A4 1.4 0.9 0.7 2.2

Suppose the alloying materials are available in the following amounts:

. Availability
Materlla‘lm  (kg/day)
Cr 1200
Mo 800
Ti 1000
Ni 1500

Using Polymath, determine the production rate for each alloy, in metric ton per day (1 metric
ton = 1000 kg).

Figure 1. Fill in the work sheet of problem 1

Number of linear equations

Matrix of Coefficients and beta vector of constants ’;Mé

.#'.Uimi-*.

Show all linear equations by hand writing and fill in the solution in the following table:

Result of calculation (metric ton per day of each alloy)

Alloy Al A2 A3 A4

Metric
ton/day
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2. (20 points) Calculate the friction loss in unit of velocity head ,
2
F,=2f; Ng (F, =friction loss inunitof vel.head),
of a flow of water at 27 °C in (a) a smooth pipe, (b) a rough pipe of &/D = 0.001. Density and
viscosity of water are 999.4 kg/m” and 8.6x102 kg/m-s, respectively. Others data are given as
follows: fluid flow rate = 3.0 m/s, pipe diameter = 0.3 m and length of the pipe =300 m.
Hint: If Re is less than 2100 the value of JF = 16/Re otherwise,
i
—= =4.0log{Re/ /.. )- 0.4 (Nikuradse Eq.)
'\/f—F ( I )
and ﬁ = —4.0log[%+ R:%]+2,28 (Colebrook and White Eqs.)
for smooth pipe and rough, respectively.
(¢) Determine fluid flow rate for which the velocity head ratio of rough pipe to smooth pipe
vel __head _rough
equals 1.5 ( =1.5.) Diameter and length of the both pipes are as same as
vel _head _smooth
in part (a) and (b).
Solution: Fill in value, units, etc in the tables ' ' . .
Mathematical formula unit
JiF)= dimensionless
smooth pipe
JUF)=
dimensionless
rough pipe
rho=
V=
D =
vis =
Re=
L=
£/D= dimensionless
velHead =
smooth pipe
velHead =
rough pipe

(c) Determine the flow rate (velocity, m/s) for which

vel _head _ rough

vel _head _smooth

=15

Smooth pipe

Rough pipe

unit

velocity

velocity head




3. (25 points) A stirred tank, initially containing 20 ft of brine solution, concentration of 2
Ib/ft’, is fed pure water at rate of 3 f’/min. The tank discharges at 2 ft*/min. (a) what is the
salt concentration when the tank contains exactly 30 ft’of brine solution ? (b) How long will
the brine concentration in the tank is 0.40 Ib,/ft’, assume the volume of the stirred tank is very
large (no overflows).

3 f3min

pure water ot b—l 1.
oS B

2 ft3/min
Brine (x Ibm/ft3)

V(0) = 20 ft%, brine concentration of 2 Ibm/ft3
Assume: density of brine = density of pure water = 63 lbm/ft?
@ t= 0, start feeding pure water into the tank

Solution: Let M = mass of solution in the tank (Ibm)

Variables Unit
M= mass of brine solution in the tank 1b,,
V = volume of solution in the tank ft
S= mass of NaCl in the tank Ib,,
SaltConc= mass concentration of salt Ib,/ft°
tho = density of brine solution = density of pure water Iby/ft

Fill the mathematical function and comments in blanks:

mathematical function comments

dO/dt

dS/dt =

SaltConc=




Fill the calculating results in blanks :

Solution of part (a)
POLYMATH Report No Title
Ordinary Differential Equations 29-ii.m.-2552

Calculated values of DEQ variables
Variable Initial value Minimal value Maximal value Final value

1M :

2 rho 63. 63. 63. 63.
3s

4 SaltConc f

5t 0 | :

6V 20. 0. a0, a0,

Differential equations

1d( )d® =

2 dE)/d® =

total salt intank 1, lken

Explicit equations
1rho =63

zolution densty lbmit~3
2v=
3 SaltConc =

mazs of saft per volume of sofution in outlet stresen

Solution of parrt (b)

Regression Analysis i_(}_ra;:zh ]

o |
Dependent variable :8 altConc - 3
Independent variable Et R

Interpolation ] Difl‘erenkiation] tntegralion]
indep varnable value & -

Caleulated value R

i

) Solve with - >



4. (25 points) Determine the most appropriate correlation for the heat transfer data in the given

table. Evaluate expressions that have the general form of
(@) log(Nu) =log(a,) + a, log(Re) + a, log(Pr)+a, log(LL/ 14,,)

linear regression.

®) Nu=a_Re 1 prf2 MU, )® by non-linear regression

by multiple

Point | Re Pr Wi, | Nu Point | Re Pr Wi, | Nu
1 368 545 0.109 | 15.7 14 1672 |520 0.161 | 12.5
2 381 535 0.112 | 14.1 15 |269 507 0.121 | 135
3 875 345 0.076 | 16.0 16 | 655 436 0.114 [ 153
4 645 348 0.074 | 15.0 17 1226 |3550 |343 [25.0
5 90.4 385 0.094 | 10.5 18 1238 3160 |528 |[21.0
6 90.8 390 0.101 }10.7 19 [209 |3620 |6.02 |18.0
7 545 151 0.052 | 14.6 20 | 266 2780 |6.30 |21.2
8 1005 | 167 0.050 | 16.1 21 1247 | 3100 |6.62 |18.0
9 978 168 0.050 | 16.2 22 1296 | 2510 |6.62 |226
10 | 1523 | 160 0.051 {174 23 1265 [2860 |8.10 |225
11 1560 158 0.051 | 173 24 29.2 2470 | 8.80 21.7
12 12100 | 159 0.053 | 21.2 25 1278 (2770 |9.75 |[23.0
13 | 2110 | 159 0.056 | 21.4
Solution: Part (a)
Regression l Analysis ] Graph ]
r;:, l % * 7 Grap [ Residuals

W BHeport [ Store Model

Dependent W ariable

Independent V ariables

[T Through origin

~]




Part (a) Multiple Linear regression
Model: loghu =

Variable value 95% confidence
ad
al
a2
a3

General

Number of independent variables =
Regression including a free parameter
Number of cbservations =

Statistics
R"2
R~2ad]
Rmsd

Variance

Solution Part (b) Write down the nonlinear regression model, its intitial guess and the results.



Regression I Ahnalysis ] Sraph I

r‘:’ i g = E » Graph |~ HResiduals

W Repoaort [ Store Model

Linear & F’olynomial] Multiple linear MNonlinear I
Maodel: *{E ;- ,-f'_";j

eg ¥=2%"4+8
Model Parameters Inhitial Guess:
Moclel parm Initial guess

jajo|T

»%& Nonlinear Report #1

POLYMATH Repont No Title
Nornlinear Regression (L-M) 22-n./.-2652
Maodel: Nu =

Variable Initial guess value 95% confidence

NOTE: Calculations exceeded the maamum number of iterations.

Nonlinear regression settings
Max # iterations = 64

Precision
R7™2
R™2adj
Rmsd
variance




Mark the calculation values of Nu in the figure (mark with O symbol on the figure only at select points
number 3, 7, 11, 17 and 23).

No Title
3.00E+1

O Nuexp
2.75E+1 1

2.50E+1

2.25E+1

2.00E+1

1.75E+1

1.50E+1

1.25E+1

1.00E+1

7 S0E+0

5.00E+0

2 50E+0

Q.00E+D

1.00E+Q 3.00E+0 S5.00E+0 7 00E+0 9.00E+0 1.10E+1 1.30E+1 1.50E+1 1.70E+1 1.9CE+1
data point

3 7 11 17 23

210E+1 2.30E+1 2.50E+1



