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1.A-1

The U.S. Government Mint produces currency for circulation and takes old currency out of
circulation and destroys it. Over the course of 1 month, the mint creates Dgen = 5.2 million
dollars and destroys Dges = 4.2 million dollars. The total amount of currency that was removed
from circulation and brought to the mint is D;, = 5.3 million dollars. The total amount of
currency that leaves the mint and is put into circulation is Doy = 3.7 million dollars.
a) What isthe total amount of currency stored at the mint during the month (AD)?

The given information is entered in EES:

$UnitSystem SI MASS RAD PA K J
$TABSTOPS 0.20.40.6 0.83.5in

"Inputs"

D_gen=5.2e6 [$] “currently that is produced"
D_des=4.2e6 [$] “currency that is destroyed"
D_in=5.3e6 [$] “currency that enters the mint"
D_out=3.7€6 [3$] “currency that leaves the mint"

Notice that the units of each of the inputs are indicated in square brackets immediately after the
associated number; this is a convenient method of assigning units, but it only works for
constants.

Figure 1 illustrates the mint and shows the boundaries of a system that | have defined which
encompasses the mint; the various flows of currency are indicated.

Mint |
Din _*I" Dgen —— Dout

L - ——— 1

Figure 1. Mint and a system defined that encompasses the mint
The general balance equation is:
IN + PRODUCED =OUT + DESTROYED + STORED ()

The balance on the control volume shown in Figure 1 (on an increment basis since we are
dealing with afinite period of time, 1 month) leads to:

D, + Dgen = Dy + Dyes + AD (2

out
Solving for the amount of currency that is stored:

AD = Din + Dgen - Dout - Ddes (3)



DELTAD=D_in+D_gen-D_out-D_des "stored currency over the month"

which leads to AD = 2.6 million dollars.

At some instant in time, the mint machinery is generating new currency at a rate of Dgen = 1000
$/s and destroying old currency at arate of D, =800 $/s. The rate that currency is entering the

mint is D,, = 900 $/sand currency is leaving the mint at arate of D,, =900 $/s.
b.) Isthe mint operating at steady-state? If not, then what is the rate of storage within the mint

dD
7

The inputs are entered in EES:

D_dot_gen=1000 [$/s] "rate that currency is being produced"
D_dot_des=800 [$/s] "rate that currency is being destroyed"
D_dot_in=900 [$/s] "rate of currency inflow"
D_dot_out=900 [$/s] "rate of currency outflow"

The same balance equation applies:
IN + PRODUCED = OUT + DESTROYED + STORED (4)
However, this time the balance is written on arate basis:

dD

Din + Dgen = Dout + Dd% 0 (5)
dt
Solving for the rate of currency storage:
db . . . .
_t = Dout + Dd% - Din - Dgen (6)
dDdt=D_dot_out+D_dot_des-D_dot_in-D_dot_gen “rate of currency storage"

which leads to Oclj—ltj = 200 $/s. The mint is not operating at steady state because the amount of

currency in the mint is changing with time.



1.A-2
A mixing tank in achemical processing plant is shown in Figure 1.A-2.

Chemical B p
min,B =160 Ibm —T>

Initial Mass Mixture
Chemical A m, =0.35ton m,,. = 25slug
Mpa=2001b —1—

-
Figure 1.A-2: Mixing tank in a chemical processing plant.

Two chemicals enter the tank, mix, and leave. Initially, the tank contains my = 0.35 tons. Over

an hour of operation, m, o = 200 kg of chemical A enter and mi,g = 160 Ib, of chemical B enter

while my: = 25 slug of the mixture |leaves.

a.) Sketch the system that you will use to carry out a mass balance for this problem. Is your
system open or closed?

Figure 2 illustrates an open system that includes the internal volume of the tank. The mass
balance terms are also shown.

(pgm——————————- N
Ly 1
min,B 1 1
1 1
: Am | mout
1 1
min,A —4|—> :
N /

Figure 2: System used to do a mass balance.
b.) What isthe final massin the tank (ton)?

The inputs are entered in EES and converted to base Sl units (kg).

$UnitSystem SI MASS RAD PA K J
$TABSTOPS 0.20.40.60.83.5in

"Inputs”

m_1 = 0.35 [ton]*convert(ton,kg) “initial mass"

m_in_A=200 [kg] "mass of chemical A that enters"
m_in_B=160 [Ibm]*convert(lbm,kg) "mass of chemical B that enters"
m_out=25 [slug]*convert(slug,kg) "mass of mix that leaves"

A general balance equation is:
IN + PRODUCED = DESTROYED + OUT + STORED
Mass can neither be produced or destroyed so our mass balance can be smplified to:

IN = OUT + STORED



or, for the system in Figure 2:

Myat Mg =My, + Am

m_in_A+m_in_B=m_out+DELTAmM "mass balance"

which leads to Am = -92.3 kg (the tank loses 92.3 kg of mass). The mass storage term is used to
compute the final mass:

Am=m,—m
DELTAM=m_2-m_1 "final mass"
which leadsto m, = 225.2 kg. Thisis converted to ton in order to satisfy the problem statement:
m_2_ ton=m_2*convert(kg,ton) "in ton"
which leads to m, = 0.248 ton.
c.) Isthetank operating at steady state?

No, the mass storage term is not zero so the system is changing in time.



1.A-3
Figure 1.A-3 illustrates a company that manufactures gadgets.

G = 23000 gadgets warehouse

D E— AG

outw Gitow factory

D Ggenf = 20000 gadgets

le,to,i = 1200 gadgets

incinerator G.
G fto,i
des,i <

Figure 1.A-3: A company manufacturing gadgets.

Initially we will analyze the company on an incremental basis; the increment of time for the
analysis will be one day. Raw materials enter the factory where Ggens = 20,000 gadgets are
produced during the day. The functional gadgets are sent to the warehouse building (Gt ) and
the defective gadgets are sent to the incinerator to be destroyed (Gto;). Approximately 5% of
the gadgets produced in the factory are found to be defective. Neither the factory nor the
incinerator can store gadgets (i.e., they operate always at steady state). Gadgets can be stored in
the warehouse. The number of gadgets that are shipped from the warehouse during the day is
Goutw = 23,000 gadgets. Every day, Gwioi = 1200 gadgets that are old (beyond their expiration
date) are pulled from the warehouse shelves and sent to the incinerator to be destroyed.

a.) Determine the number of gadgets destroyed in the incinerator during the day, Ges;.

The inputs are entered in EES:

G_gen_f=20000 "amount of gadgets produced in factory"

G _f to i=0.05*G_gen _f "gadgets sent from factory to incinerator"
G_out_ w=23000 "gadgets shipped out"

G_w_to i=1200 "gadgets sent from warehouse to incinerator"

A general gadget balanceis:

IN + PRODUCED = DESTROYED + OUT + STORED

A gadget balance on the factory is shown in Figure 2 and leads to:

Gyt =Gy o+ G

f to,w f to,i

Notice that the stored term is zero (the factory is at steady state), the destroyed term is zero
(gadgets are produced, not destroyed in the factory), and the in term is zero (gadgets flow out of,
not into the factory).
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Figure2: Gadget balance on the factory.
G _gen _f=G f to w+G f to i "gadget balance on the factory"

which leads to G = 19,000 gadgets are sent to the warehouse from the factory each day. A
gadget balance on the incinerator is shown in Figure 3 and leads to:
G

+G;,; =G

w,to,i f to,i des,i
Notice that the stored term is again zero (the incinerator is at steady state), the generated termis
zero (gadgets are destroyed, not produced in the incinerator), and the out term is zero (gadgets

flow into, not out of the factory).
—i Gf,to,i

incinerator |1 G

f.to,i

————
Figure 3: Gadget balance on the incinerator.

G w_to i+G _f to i=G_des i "gadget balance on the incinerator"
which leads to Ggesj = 2200 gadgets are destroyed in the incinerator during the day.

b.) Isthe warehouse operating at steady state? If not then determine the storage of gadgetsin the
warehouse during the day, AG,,.

A gadget balance on the warehouse is shown in Figure 4 and leads to:

=G . +G __+AG

w,to,i out,w W

G

f to,w

Notice that the stored term is not necessarily zero because the warehouse may not be at steady
state. The generated and destroyed terms are zero (gadgets are neither destroyed nor produced in
the warehouse).
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Figure 4: Gadget balance on the war ehouse.

G f to w=G_w_to_i+G_out w+DeltaG_w "gadget balance on the warehouse"

which leads to AG,, = -5200 gadgets are stored in the warehouse during the day; this means that
the number of gadgets in the warehouse decreased during the day.

Let's next analyze the company on arate basis. At a particular instant of time, the rate at which

gadgets are shipped from the warehouse is G, ,, = 1500 gadgets/hr and the rate at which gadgets

are being pulled off the warehouse shelves and sent to the incinerator is G,,,; = 50 gadgets/hr.

Assume that the defect rate associated with gadgets produced in the factory remains at 5% (i.e.,

5% of the gadgets produced by the factory are sent to the incinerator rather than the warehouse).

c.) Determine the rate at which gadgets must be produced in the factory and destroyed in the
incinerator in order for the warehouse to operate at steady state (i.e., in order to maintain a
constant inventory of gadgets).

The additional inputs are entered in EES:

G_dot_out_w=1500 [1/hr] "gadget flow rate shipped out of warehouse"
G_dot_w_to_i=50 [1/hr] "gadget flow rate from warehouse to incinerator"

A gadget balance on the warehouse (on arate basis) is shown in Figure 5 and leads to:

Gf Jto,w = Gw,to,i + Gout,w

Notice that the stored term is zero because the warehouse is operating at steady state. The
generated and destroyed terms are zero (gadgets are neither destroyed nor produced in the
warehouse).
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Figure5: Gadget balance on the war ehouse at steady state.



G_dot_f to w=G_dot_out w+G_dot_ w_to i "gadget balance on warehouse - steady state"

which leads to G, ,,,, = 1550 gadgets/hr must be transferred from the factory to the warehouse.

According to the problem statement, 95% of the gadgets generated by the factory are good and
are shipped to the warehouse; therefore:

G; o =0.95G,,
G_dot_f to w=0.95*G_dot_gen_f "rate of gadget production required"
which leads to Ggmf = 1632 gadgets/hr must be produced by the factory. The defective gadgets

produced by the factory are sent to the incinerator:

G, oy =0.05G,,

f to,i
A gadget balance on the incinerator (on arate basis) is shown in Figure 6 and leads to:

Gw,to,i + Gf toi — Gd&s,i

Notice that the stored term is zero because the incinerator is operating at steady state.

;Gwmo’i

incinerator
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Figure 6: Gadget balance on theincinerator.

G_dot _f to i=0.05*G_dot_gen_f "rate of defective gadgets sent from factory to incinerator"
G _dot w_to i+G _dot f to i=G_dot des i "rate of gadget destruction in the incinerator"

which leadsto G, = 131.6 gadgets/hr must be destroyed in the incinerator.

des,i



1.B-1

a) Solvethe equation a/x+b+cx* =1 using EESwitha=1,b=2,and c=0.5.

Start EES and enter the specifications for a, b, and ¢ and the equation.

a=1
b=2
¢=0.05

alx+b+c*x"2=1

Select Solve from the Calculate menu (or press F2). The Solution window should appear as
shownin Figure 1. The solutionisx =-0.9563.

ESulutiun M 1H[=] E3
i

b ain |

Unit Settings: [kJJ/[C)/[kPa)/[kg]/[degrees]
a=1 bh=2 c=008 % =-0.9563

Mo unit problems were detectad

Calculationtime = .0 sec

Figure 1: Solution window.

b.) Make aplot showing how the solution varies as the value of ¢ changes from 0.1 to 10. Label
your axes.

Comment out the equation that setsc.
{c=0.05}

Select New Parametric Table from the Tables menu. Click on variables ¢ and x and add them to
the list of variables in the table, as shown in Figure 2. Click OK.

MNew Parametric Table E
No. of Runs|10 #| Table:|Table 1
Yariables in equations Yariablez in table
a c
b X
Add == |

B Flemuvel

¥ Show Amay Variables
X cica |

Figure2: New Parametric Table dialog.



The values of ¢ in the Parametric table can be automatically set by clicking on the triangular icon
at the upper right of the ¢ column header cell. Enter afirst value of 0.1 and alast value of 10, as
shown in Figure 3, and then click OK.

Apply |

«: Column 1

First How |1 vl
Last Row |1l] 3,

Enter Value:

" Clear ¥alues

{* Enter Yalues

 —

ILasl value j |1 1]

r IHepeal pattern every j |":l j TOWS

x Cancel

Figure 3: Alter valuesdialog.

First Value

DK

Select Solve Table (or press F3) to calculate values of x for each value of c. The table should
appear as shown in Figure 4 after the cal culations are compl eted.

EParametric Table 9=l E3
Table 1 |
L[ 1 -
1.10
Run 1 01 -0.9217
Run 2 12 -0.6581
Run 3 23 -0.5712
Run 4 34 -0.5205
Run s 45 -0.4854
Runb 56 -0.4585
Run 7 6.7 -0.4375
Run 8 78 -0.4204
& 8.9 -0.4057 él

Figure 4: Parametric table.

Select New Plot Window -> X-Y plot from the Plots menu. Click the Grid lines controls, as
shown in Figure 5, if you wish to have grid lines appear.

[ 7] x]

[~ Print Description with plot

New Plot Setup

Tab Name: IPID[ 1

Description: I
¥-Axis —Y-Axnis Table
C I Parametric Table j
) |Table 1 =l

First Run |1 3.
Last Bun |1 1} 3.

[~ Spline fit

[~ Automatic update
[~ Add legend item
I~ | Show array indices

Format ITIT Format ITIT

HiSn ll]— LD l_]— I~ Show error bars
Maximum I][l— Maximum |-|]3— Line ﬁ
Interval |2— Interval ll]‘l— Symbol m
{* Linear { Log {* Linear { Log Color I_j'
P Grid lines ¥ (Brid lines 0K | X cancel|

Figure5: New Plot Setup dialog.




Click OK and the plot will appear as shown in Figure 6.
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Figure6: Plot.

o
[oe)

The appearance of the plot can be improved by spline fitting the data. Right-click anywhere in
the plot. The Modify Plot dialog will appear, as shown in Figure 7. Click the Cubic Spline
option and then OK. The improved plot will appear as shown in Figure 8.

Modify Plot 1: Plot 1 HE
Title: [Plot 1
[
Apply | i# Delete | Get Data |
Plot Dption Border
Line Line _—
( L= [— Color [N -
Symbol————————————————— || Width [15.9 cm
None ~ r Height |10.6 cm
Show every [1 %] points | Girid lines
R Line [—— <
(p Cubic spline ~ ‘ Color =
Tick Size
[~ Automatic update  Data Maijor |5 e
X-anis—| Y-axis—| Eror bars Minor [3 2]
&R || ¥ || T Kaxis
’7 ~ XZ—‘ ’7 ~ YZ—‘ ’7 r Y-axis—‘ [~ Exchange X and Y
™ White background
X cone

Figure 7: Modify Plot dialog.
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Figure 8: Plot with splinefit.
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1.B-2
The Beattie-Bridgeman equation relates pressure (P), specific volume (v), and temperature (T)
according to:

sl S
v
Po—— [v+ B, (1— —ﬂ —ﬁ;(l— 3) (1)
Vv v Vv Vv

The parameters corresponding to carbon dioxide are a = 1.62129x10° m¥/kg, Ao = 262.07 N-
m/kg?, b = 1.6444x10"° m¥/kg, By = 2.3811x10° m¥/kg, ¢ = 1.4997x10* m*-K%kg, and R = 188.9
Jkg-K.

a.) Determine the specific volume of carbon dioxide at a temperature of T = 350 K and a

pressure of P =10 MPa.

Enter the Beattie-Bridgeman equation of state and constants into EES. Include the unit
specifications.

"Constants for the Beattie-Bridgeman Equation of State"
a=1.62129e-3 [m"3/kg]

A_0=262.07 [N-m"4/kg"2]

b=1.6444e-3 [m"3/kg]

B_0=2.3811e-3 [m"3/kg]

c=1.4997e4 [m"3-K"3/kg]

R=188.9 [J/kg-K]

P=R*T*(1-c/(V*TA3))VA2*(v+B_0*(1-b/v))-A_ON"2%(1-alv)

Enter the temperature and pressure in K and Pa, respectively. Note that the convert function can
be used to conveniently convert units as needed.

T=350 [K] "temperature in K"
P=10 [MPa]*convert(MPa,Pa) ‘"pressure in Pa"

Solve the equations to obtain the solution window shown in Figure 1. The specific volume is
computed, but a unit error may be displayed. Right click on the variable v in the Solution
window and set the unitsin the resulting dialog, as shown in Figure 2.

ESDIution [=[C]
I ain I

Unit Settings: [kJ}/[K)/[Pal{/[kg)/[degrees]

a=0.001621 [k Ag= 2621 [MN-mHkg?) b =0.001644 [m3key]
Bp=0.002381 [m3kg) C=14997 [m¥K3kg) P =1.000E+07 [Pa]
Fuo=188.9 [Jkork] T =380 [K] w= 0004381

1 potential unit problem was detected. | Check Units

Calculation time = .0 sec.

Figure 1: Solution window.



Format Selected Yariables

Formal:l Auto Format IT
HiIite:I Normal FG:|I~I Bﬁ:l -]

Uniits: [m"3/kd

I” Keyp Variable

X Cancel |

Figure 2: Set unitsfor specific volume.

The Solution window should now show v = 0.004381 m*/kg with no unit errors.

b.) Overlay on one plot the pressure (Pa) as a function of specific volume for two different
temperatures, 350 K and 400 K, for specific volumes ranging between 0.01 m*kg and 1

m*/kg. The plot should have log-log coordinates. Label the two isotherms and the axes,
including units.

Comment out the equations that set the values of P and T since we will calculate pressure as a
function of temperature and specific volume using a Parametric table.

{T=350 [K] "temperature in K"}
{P=10 [MPa]*convert(MPa,Pa) "pressure in Pa'}

Select New Parametric Table from the Tables menu, as shown in Figure 3.

New Parametric Table

No_of Runs[100 3] Table:[Table 1

Yarniables in equations ¥arniables in table
a P
A_D T
b Add = | ¥
B_D
<
{;]
== Hemovel

v Show Armray Yariables

x Cancel |

Figure 3: New Parametric Table.

Include P, T, and v in the table and use 100 runs. Fill the T column with 350 K for each row.
The easiest way to do this is to click on the triangular icon at the upper right of the T-column
header and select 350 K for the first and last values, as shown in Figure 4.



T: Column 2

First Row |1 vl
Last Row |1l]l] 3,

" Clear Yalues

{+ Enter Values

Apply |

Enter Values

First Value

|l35|] K

[Last value =] [350 K

r IHepeal pattern every j |1|] j rows

x Cancel |

Figure4: Set valuesfor T.
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We need to provide values for v between 0.01 and 1 m¥kg, but it would be best to distribute
them logarithmically for our eventual log-log plot. This can be done by setting each new value
in the table to the product of the value in the previous row and a scaling factor. By tria, a
suitable scaling factor is 1.05, as shown in Figure 5.

[ 7]

Apply |

¥: Column 3

First Row |1 vi
Last Row I1l][l 3,

Enter Yalues

 Clear Yalues

¢ Enter Values

I'] i}] m~3/kg

[Multiplier ~| [1.05

(l IHepeat pattern every ﬂ |1|] j TOWS

x Cancel |

Figure5: Set valueof v.
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v

Select Solve Table (or press F3) to solve for the pressure values in the table. Select New Plot
Window -> X-Y Plot from the Plots menu, as shown in Figure 6. Choose to have v on the x-axis
and P on the y-axis. Select log scales. Adjust the plot range for v to be between 0.01 and 1
m/kg. Click OK. Theresulting plot is shown in Figure 7.

New Plot Setup HE
Tab Name: [Plot 1 [~ Print Description with plot
Description: I
R-Axis Table

TP IPalamellic Table j
| Table 1 |
First Run |1 3,
Last Run |100 3,
[~ Spline fit
[~ Automatic update
Format lT l? Format IT |3_ [ Add legend item
L - [~ Show anay indices
Minimum (0.01 Minimum |1 0000 = Show error bars
Maximum |1 Maximuml1_l]l]l]E+l]7 Line lﬁ
Symbol Hone 'I
" Linear {+ Log " Linear % Log Color _j'
[~ Giid lines [~ Grid lines ¢ OK I % l:anmll

Figure 6: New Plot Setup dialog.
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Figure 7: Plot showing pressur e as a function of specific volume.

To improve the plot, right click on the numbers for the y-axis. This will bring up the Modify
Axis dialog where grid lines and improved number formatting can be selected as shown in
Figure 8. Do the same for the x-axis. The new plot is shown in Figure 9.

Modify Axis for Plok 1 EHE
Scale [ Show scale
= ¥-Axis [lower] )
= Y-Axis (left) [ Display
" X-awis [upper] Format IE_I?
" Y-Axis [right]
- Font IDe[auIl 'l
top to bottom
Size |1B
[~ Automatic scaling
- Eololl_ vl
Minimum |1E+l]4

[~ Italic

Bold
Maximum |1E+l]? ] ik

[~ Same font for all axes

3
(" Linear * Log Anglell] 3'
¥ Grid lines
« DK I X cancel |

Figure 8: Modify Axisdialog.
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Figure9: Plot with grid lines.

Duplicate the Parametric table by right clicking on the Parametric table tab, as shown in Figure
10.



Information for Parametric Table 1 HE

Title Tahle 1

Posilion|1 j Colorl ':'2: Duplicate |

Description [0ptional]

[~ Print Dezcription when printing table

" DK I ééDelelel ﬁave | X Eancell

Figure 10: Duplicatethe plot.

A new table will appear. Right click on the tab of the new table and change the name to 400 K,
asshown in Figure 11. Y ou may wish to also rename the original table to be 350 K.

Information for Parametric Table 2 HE
Title [400 K
PosilionIZ j Cololl ':'2:: Duplicate |
D ption [Optional)

[~ Print Description when printing table

" OK I yDelelel iave | x Cancell

Figure 11: Name new parametric table.

Fill the T column in the 400 K with temperatures of 400 K and solve the table. Select Overlay
Plot from the Plots menu, as shown in Figure 12. The new plot is shown in Figure 13.

Setup Overlay on Plot 1 HE
Tab Name: IPIDl 1 [~ Print Description with plot
Description: I
X-Axis —Y-Axis Table

¥ . IPalamellic Table j
v Jano K =l

First Run |1 3.
Last Run |1 oo 3.

I~ Spline fit
I X1 [lower X-scale] j I ¥1 [left ¥-scale) j [~ Automatic update

Format |T |T Format |T |T [~ Add legend item
- - I Show array indices

Minimum |1E-l]2 Minimum [1E+04 O Smm e

Haximum|1E+l]l] Mazimum |1E+07 Line

Interval Symbol
¢ Linear, { Log ¢ Linear, ! Log Color I_jv

[ Grid lines v OK I x Cancell

Figure 12: Overlay plot dialog.
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Figure 13: Overlaid plot.

Add text to label the two plots by selecting the text button (abc) from the floating plot tool bar
shown in Figure 14. If the menu is not visible, select Show Tool bar in the Plots menu. The text

dialog is shown in Figure 15.

i

=He
2+ @]

Figure 14: Toolbar.

350 K

(+ Text item ~ EES variable " Integral

Text |35l] K

Font I Default j

Size 20 Color [N - | 1T| ﬁl
v 0 backi d
[v Dpaque backgrouni b Horizontal

B (e (et  Vertical
AGE

Legend symbol I Hone vl | |0 3] deg
®d o

rLink Text to Data Point in Plot

ot fimkced R
Point Mo: |1 3‘ Offset X: |0 3‘ ¥ |0 vl

« DK I 5 Apply | X Cancel |

Figure 15: Format text item dialog.
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Drag the text to the desired location. Create an arrow by selecting the line button in the plot tool
bar. Right click on the line and select Properties from the pop-up menu to change it to be an
arrow, as shown in Figure 16.



Plot Line Characteristics [ %]

—Armow type Line
® coor I
—_—. Type | -1

e
A Si I
mow aize I—
I~ Double arrow
I~ Locked

—Start [pixelz] End [Pixelz]
%1 [330 ’7:42 [302

o Tie i Bhie

—_——— =

¥2 [157

¥1 116

aﬁ Delete | x Cancel |
Figure 16: Plot line characteristics dialog.

Repeat for 400 K. The plot should appear something like what is shown in Figure 17.
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400 K

10°
©
a,
o 350 K
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10*

102 10 10°
v [m¥kg]

Figure 17: Final version of the plot.



1.B-3

A thermistor is an electrical resistor that is made of temperature-dependent materials. Properly
calibrated, the thermistor can be used measure temperature. The relation between resistance (R,
ohms) and temperature (T, K) for athermistor is given by:

oy

where R, is the resistance in ohms at temperature T, in K and « is a material constant. For a
particular resistor, it is known that R, = 2.6 ohm with T, =298.15 K (25°C). A calibration test
indicatesthat R, = 0.72 ohm at T, = 60°C.

a.) Determine the value of c.

Start EES and enter the known information. Note that the temperature must be converted into K.
The ConvertTemp function can be used for this purpose.

%B&ggﬁtfgq [Ej REEIED [ EES LS 22 "reference temperature"
R_0=2.6 [ohm] "reference resistance"
R_1=0.72 [ohm] "known resistance"
T_1=convertTemp(C,K,60 [C]) “temperature in K"

The thermistor equation is evaluated in order to determine a.

o]

R_1=R_0*exp(alpha*(1/T_1-1/T_0)) "thermistor relation"

Solve the equations. The Solution window will appear showing one unit error. Right click on
alpha and set its unitsto K, as shown in Figure 1.

Format Selected Yariables
Format: I Auto format I?

Hilte:| Mormal = FG:|M-| BG:| |
Umnits: Im
[~ Key Variable

X Cancel |

Figure 1. Format Selected Variablesdialog.

The Solution window will now appear as shown in Figure 2.



ﬁ Solution M=l
M air |

Unit Settings: [kJ]/[C){[kPal/[kgl/[degrees]
o= 3644 [K] R =072 [02] Rg =26 [0
T =3332 [K] Tp=298.1 [K]

Mo unit problems were detected.

Calculationtime = 0 sec.

Figure 2: Solution window.

Thevalue of «¢is3644 K.

b.) Prepare a plot of R versus T (in °C) for temperatures between 0° and 100°C. Indicate the
range over which thisinstrument will work best.

Enter the thermistor equation, Eq. (1) and convert the resulting temperature to °C.

R=R_0*exp(alpha*(1/T-1/T_0)) "thermistor relation"
T_C=ConvertTemp(K,C,T) "temperature, in C"

Select New Parametric Table from the Tables menu to create a Parametric table with columns for
the variables R and T_C that contains 11 rows, as shown in Figure 3.

New Parametric Table [ 7|
No. of Huns|11 j Tahle:ITahIe 2
Yariables in equations Yariables in table
alpha T_C
R_D R
R_1
T
T_0
T_1 %

<= Hemoye

_ Add == |
[ s

[v Show Array Variables

« OK X Cancel |

Figure 3: New Parametric Table dialog.

Fill the T_C column with values between 0°C and 100°C. The easiest way to do thisisto click

on the triangular icon at the upper right of the T_C header cell and enter 0 and 100 for the first
and last values, as shown in Figure 4.



T_C: Column 1

First Row |1 vi " Clear Yalues Apply |
Last Row |11 3. ' Enter ¥alues

Enter Yalues

First Value IU C

[Last value =] [100 C

r IHepeal pattern every j |1U j Tows

DK X Cancel |

Figure4: Set valuesfor temperature.

Select Solve Table from the Calculate menu (or press F3) to solve the table. Select New Plot
Window -> X-Y plot from the Plots menu. Choose T_C to be on the x-axis and R to be on the y-
axis. Click OK and the plot will appear as shown in Figure 5.

Resistance (ohm)

Temperature (°C)
Figure5: Resistance asa function of temperature.

Note that the slope of the plot is highest at low temperatures. This is where the thermistor will
be most sensitive (i.e., the resistance will change substantially with temperature) and therefore
the most accurate for determining temperature. In thisregion, asmall temperature change results
in arelatively large resistance change.



1.B4

Tabular data are often used to solve engineering problems. Typically, the required data do not
coincide exactly with the values that are provided in the table and therefore interpolation
between entries in the table is necessary. Linear interpolation is usualy sufficient. Linear
interpolation can be implemented with the following equation.

Y—Y _ X=X
Yo=Y %X

wherey isthe variable that is to be determined at a specified value of x and the subscripts 1 and 2
refer to two entriesin the table. Table 1.B-4 contains the temperature and specific volume at two
pressures.

Table 1.B-4: Specific volume at various values of temperatur e for two values of pressure.

P=0.10 MPa P=0.12 MPa
T(°C) v (m/kg) T(°C) v (m/kg)
200 2.172 200 1.808
240 2.359 240 1.965
280 2.546 280 2.120

Use these data to determine;
a) The specific volumeat T = 200°C and P = 0.107 MPa

The calculations can be done with a calculator or with EES. We will use EES here and compare
the results done in two ways.

Start EES. For part (a), we can see that the specific volume lines between the two values specific
volumein the first row the table. Linear interpolation is provided by the following equations.

"2 )"
T_a=200 [C]

P_a=0.107 [MPa]

(v_a-2.172 [m"3/kg])/(1.808 [m"3/kg]-2.172 [m"3/kg])=(P_a-0.1 [MPa])/(0.12 [MPa]-0.1 [MPa])

Theresultisv_a = 2.045 [m*/kg]
b.) Thetemperatureat P = 0.12 MPa, v = 1.84 m*/kg

For part (b), we can see by inspection that the result must between 200°C and 240°C at P = 0.12
MPa. Interpolation is provided by the following equations.

)
' b=0.12 [MPa]

"b.

P

v_b=1.84 [m"3/kg]

(T_b-200 [C])/(240 [C]-200 [C])=(v_b-1.808 [m"3/kg])/(1.965 [m"3/kg]-1.808 [m"3/kg])

TheresultisT_b = 208.2°C.



c.) Thetemperature at P = 0.115 MPa, v = 2.20 m’/kg

Part (c) requires severa interpolations. First, interpolate to find the specific volume at P_c =
0.115 MPaat all three temperatures.

")
"First, interpolate the table for values at P=0.115"

P_c=0.115 [MPa]

(v_200-2.172 [m”"3/kg])/(1.808 [m"3/kg]-2.172 [m"3/kg])=(P_c-0.1 [MPa])/(0.12 [MPa]-0.1 [MPa])
(v_240-2.359 [m”"3/kg])/(1.965 [m"3/kg]-2.359 [m"3/kg])=(P_c-0.1 [MPa])/(0.12 [MPa]-0.1 [MPa])
(v_280-2.546 [m"3/kg])/(2.120 [m"3/kg]-2.546 [m"3/kg])=(P_c-0.1 [MPa])/(0.12 [MPa]-0.1 [MPa])

Theresults are:

v_200 = 1.899 m*/kg
v_240 = 2.064 m/kg
v_280 = 2.226 m/kg

We wish to determine the temperature for which v._c = 2.20 m3/kg, which must be between
240°C and 280°C. Interpolation provides the final result.

v_c=2.20 [m"3/kg]
(T_c-240 [C])/(280 [C]-240 [C])=(v_c-v_240)/(v_280-v_240)

The interpolated temperatureis T_c = 273.5°C.

d.) Compare your results with those obtained using the EES Interpolate2DM function.
Documentation on the use of the function is provided in the online help.

EES is able to interpolate data in a table in several ways. One way is through use of the
Interpolate2DM function. Enter the datainto a Lookup table. Select New Lookup Table from the
Tables menu and create a Lookup table with four rows and three columns. Enter the data as
shown in the table, as shown in Figure 1. Note that the first row holds the pressures and the first
column holds the temperatures. The remainder of the table holds the specific volume data at
each pressure and temperature. The names and units of the header cells are edited by right-
clicking in the cell and selecting Properties from the drop-down menu that appears.

%Lookup Table [_ (O]
Lookup 1 I
1 ™z (bl L
T ¥ 10MPa ¥0.120Pa
S [C] [m3/kg] [m3fkg]
Row 1 01 012
Row 2 2172 1.808
Row 3 2369 1.965
Row 4 2545 212

Figure 1l: Lookup Table.

By default, the name of the tableis Lookup 1. The specific volume at 200 C and 0.107 [MPq] is
obtained by directly applying the Interpolate2DM function.



"Alternative using Interpolate2DM"
v_a_alt= Interpolate2DM (‘Lookup 1', P_a, T_a)

Note that the _ant at the end of the variable names refers to the ‘alternate’ method of calculating
the value using the Interpolate2DM function. Note that the solution for v_a_alt is the same value as
vV_a.

For case, b, we known the specific volume, but not the temperature. Again, directly apply the
Interpolate2DM function and set it equal to the known specific volume for case b.

v_b= Interpolate2DM ('Lookup 1',P_b,T_b_alt)
This problem will likely not solve. Instead, you will see the error message shown in Figure 2.

Error

@ Convergence nok obtained in aktempting the solution of this equation. Try changing the guess value andjfaor limits For variable

T_b_alt,
Help |

Figure2: Error message.

The problem is that EES solves this interpolation by trial and error and the guess provided for
T_b_alt is 1°C, which is not within the range of the table. Select Variable Info form the Options
menu and set the guess value for T_b_alt to 240°C, as shown in Figure 3.

¥ | Show array variables
[~ Show string variables @I EI
WYariable I Guess 'l Lower Upper Dizplay Units Key Comment
P_a 0.107 -infinity infinity |A |3 N MPa ﬂ
P b 0.12 -infinity infinity | A 3 M MPa
P_e 0.115 -infinity infinity |A 3 N MPa
T a 200 -infinity infinity |A |3 N C
T b 208.2 -infinity infinity A 3 N C
T b_alt 240 -infinity infinity | A 3 N C
T 2735 -infinity infinity |A |3 N C
w200 1.899 -infinity infinity |A |3 | N m"3/kg
v_240 2.064 -infinity infinity |A |3 | N m"3/ky
v 280 2.226 -infinity infinity | A 3 M mt3iky
¥ a 2.045 -infinity infinity |A |3 | N m'3/kg
w_a_alt 1 -infinity infinity |A |3 | N m"3/kg
¥ b 1.64 -infinity infinity |A |3 | N m"3/ky =l

o oK = Apply | 4 print | Upda‘tel X cancel | )
A

Figure 3: Set guessvalue.

Solve again. Thistime, T_b_alt should be the same as the value of T_b determined earlier.
Part (c) is solved in the same manner. EES will automatically do the 2D interpolation.
v_c=Interpolate2DM (‘Lookup 1',P_c,T_c_alt)

Again, it will be necessary to set the guess value for T_c_alt to 240°C. Solving will result in the
samevaluesfor T _c altand T_c.



1.C-1

The damage that a bullet does to a target is largely dictated by the kinetic energy of the bullet. A 0.22
caliber bullet is fired from a handgun with a muzzle velocity of approximately V = 1060 ft/s and has a
mass of m = 40 grains. A 0.357 magnum bullet is fired with a muzzle velocity of approximately V =
1450 ft/s and has a mass of m = 125 grains. Grainsis the typica unit that is used to report the mass of a
bullet, there are 7000 grainsin alb,. Thekinetic energy of an object (EK) is given by:
mv?2
2
a.) Determine the kinetic energy of the 0.22 and 0.357 caliber bullets (in Ib-ft) asthey arefired.

EK =

The kinetic energy of the 0.22 caliber bullet is:

mV2 _ 40 grains|(1060)°ft*| 1lb, | 1lb-&

KE = | : =[99.8 Ib, -ft
2 2 | & ||7000grains|32.17 Ib,ft
and for the 0.357 caliber bullet is:
125 grains| (1450)° 12| 1lb, | 1Ib,-¢?
KE = m = __ _[584 b, -ft

2 | & |7000grains|32.17Ib,-ft -



1.C-2

Water flows through a pipe with a volumetric flow rate of V = 20 gal/min. The inner diameter
of the pipe is D = 2.25 inch and the pipe is L = 50 ft long. The properties of water include
density p = 1000 kg/m* and viscosity x = 0.001 kg/m:-s.
a.) Determine the pressure drop across the pipe (i.e., the amount of pressure rise that your pump
will need to provide) using the formula:

pV? f L

2 D
where V is the average velocity of the flow in the pipe (the ratio of the volumetric flow rate
to the pipe cross-sectional area) and f = 0.016 is the friction factor (a dimensionless number).
Provide your answer in units of N/m? and psi (Ibf/inch?).

AP =

The first step in a solution using a computer program is to enter the known information and
convert each input to base Sl units (i.e.,, kg, N, m, s, etc.). Each of the input information is
entered in the Equations window and converted using the convert function, as necessary.

"Inputs”

V_dot = 20 [gal/min]*convert(gal/min, m”"3/s) "volumetric flow rate"
D=2.25 [inch]*convert(inch,m) "diameter"

L=50 [ft]*convert(ft,m) “length"

rho=1000 [kg/m"3] "density of water"
mu=0.001 [kg/m-s] "viscosity of water"
f=0.016 [-] “friction factor"

Notice that the convert function requires two inputs; the first input is the unit(s) to convert "from"
and the second is the unit(s) to convert "to". If you are not sure about what units are available in
EES and what the symbols are, select Unit Conversion Info from the Options menu. Also notice
that a description of each input is enclosed in quotes; things enclosed in quotes or curly braces,
{}, are called comments and do not affect the solution but do make the code more
understandable.

The units of each of the variables should be set before proceeding. Select Solve from the
Calculate menu and the Solution window should become visible and each of the variables should
be shown (Figure 1).



E Solution H=] E3
[LETS |

Unit Settings: [J)/[K){/[Fal/[kg]/[radians]
O =0.05715 f=0.016[] L=158.24

w=0.001 [kg/m-s] p=1000 [kg/m3] W =0.001262

3 potential unit problems were detected.  Check Units |

Calculation tirme = 0 sec.

Figure 1: Solution window.

Right-click on any of the variables that you would like to set the units for. For example, right
click on the variable D and enter the unit; note that you have converted the variable to base S|
units and the base Sl unit for length is m, therefore the unit for D is m (Figure 2).
n—;j srsolution =] B3
i air |

Unit Settings: [JI/[K)/[Pal/[kgl/[radians]
O =0.05715 f=0016[] L=15.24

W= 0.007 [kg/m-s] p=1000 [ke/m?] Y = 0.001262

3 potential unit problems were detected. Check Units |
Format Selected Yariables

Fnrmal:l Auto Format I?
Hilite:| Normal — FG: (M -| BG:| -]

Units: Im

al”
JEL

[~ Keyp ¥ariable

x Cancel |

Figure 2: Right-click on the variable D to set itsunits.

Continue this process for each of the variables; when you have finished, the "No unit errors were
detected" message should be evident (Figure 3).



Eﬁulutiun _ |O0)
I ain |

Unit Settings: [JI/[K)/[Pal{[kg]l/[radians]
D =0.05715 [m] f =0.016 [ L=15.24 [m]
= 0001 [kgm-s] p=1000 [kg/m] W =0.001262 [m¥s]

Mo unit problems were detected.

Calculagtion time = 0 sec.

al | B

Figure 3: Solutionswindow with unitsset for each variable.

The next step in the solution is to enter each of the equations required to solve the problem in a
sequential fashion. Sequential means that each equation can be added and immediately solved.
The units for each new variable can be set and the entire program is functional before you move
on to the next equation. (There will be problems where thisis not possible.)

The cross-sectional area of the pipeis calculated:

_zD?
4

A D)

"Calculations"
A_c=pi*D"2/4 "cross-sectional area of pipe"

The solution should immediately be obtained (select Solve from the Calculate menu) and the
units for the new variable (A.) should be set in the Solutions Window; the Sl unit for areais m?
(Figure 4).

n-sj 22 solution =] B3
[LETH I

|»

Unit Settings: [J/[K]/[Pal/[kgl{[radians]

: Ac= 0002565 [m?] D =0.05715 [m]
“al” '
SEL AP =516.2 [Fa] APy = 007487 [Ibf,-"lnch2]
f=0016 [ L=15.24 [m]
W= 0001 [key-s] p=1000 [ke/m3)

v = 0.001262 [m¥s]

Format Selected Yariables

Format: I Auto format I?

Hilite: | Normal  FG: [ =] BG:[ | [
Units:lﬁ

[~ Key Variable

« OK X Cancel |

Figure 4: Set unitsfor thevariable A..




The units can be checked by selecting Check Units from the Calculate menu; you should not
proceed with any further calculations until you obtain the "No unit problems detected" message.

The average velocity in the pipeis calculated according to:

VY @)
A

Vel=V_dot/A_c "average velocity"

The pressure drop is obtained using Eg. Error! Reference sour ce not found.:

DELTAP=(rho*Vel*2/2)*(f*L/D) "pressure drop"

The Sl units for pressure (and pressure drop) is N/m? therefore, the units of the variable
DELTAP should be set to N/m? (also known as a Pascal, Pa). In order to obtain the answer in
units of Ibi/inch? (also known as psi) it is easy to use the convert function:

DELTAP_psi=DELTAP*convert(N/m”2,|bf/inch"2) “in psi"

The Equations and Solution windows should appear as shown in Figure 5.

"Inputs"

Y_dot = 20 [gal/min]*comvertigal/min, m™3/s) "wolurmetric flow rate”
D=2.25 [inch*corvert(inch,m) "diarneter"

L=50 [f]*conwvert(ftm) "length"

rho=1000 [ko/m™3] "density of water"
ru=0.0071 [kgm-s] "wiscosity of water"
1=0.016 [] "friction factor"
"Calculations"

A_c=pirD"2M "crogs-sectional area of pipe"
YWel=%_dotis_c "average welocit"
DELTAP={rtho*/el"2/2)* /D) "pressure drop"
DELTAP_psi=DELTAF*conwer{MNim™ 2 Ibffinch™2) i i
%Scﬂution =] E3

kain | =

Unit Settings: [J)/[K)/[Pal/[kg)/[radians]

A= 0.002565 [rm2] D = 0.05715 [m]

AP =F16.2 [Pal APy = 007487 [Ibffinch?]
f = 0.016 [ L=15.24 [m]

w=0.001 [kg/m-s] p=1000 [kg/m)

Yel = 0.4919 [m/s] Y= 0001262 [ms]

Mo unit problems were detected.

Figure5: Equations and Solution windows.



1.C-3
Figure 1.C-3 illustrates a spring-loaded pressure relief valve.

atmospheric pressure, P, = 100 kPa

spring
— " K =5000N/m

x=0.01m

disk
interna r[1)1 z :1,; m
pressure 9

Figure 1.C-3: Spring-loaded valve

When the valve is seated as shown, the spring is compressed by x = 0.01 m and pushes down on
adisk having aD =1 cm diameter. The disk has a mass of m= 34 grams. One side of the valve
is exposed to atmospheric pressure at P, = 100 kPa and the other is exposed to an elevated
internal pressure. The spring constant is K = 5000 N/m.

a) Determine the pressure at which the valve opens (in kPaand Iby/in?).

The inputs are entered in EES; note that each input is converted to its base Sl units. Also note
that the units associated with each constant (e.g., 34 for the mass of the disk) are assigned
directly using square brackets. Thisis not necessary but helps readability.

D=1 [cm]*convert(cm,m) "disk diameter"

P_atm=100 [kPa]*convert(kPa,Pa) "atmospheric pressure"
x=0.01 [m] "spring compression distance”
m=34 [g]*convert(g,kg) "mass of disk"

K=5000 [N/m] "spring constant"

The disk will lift when the force below it resulting from the internal pressure just exceeds the
forces that are pushing the disk down related to atmospheric pressure and the spring constant.
First, calculate the area of the disk:

7 D?
A= 1
2 &)
where D isthe diameter of the disk. The force related to atmospheric pressureis:
F=PFm A 2

where Pam IS the pressure associated with the atmosphere. Note that because | am working in
base Sl units, theforce F1 isin N.

A=pi*D"2/4 "disk area"
F_1=P_ atm*A "force due to atmospheric pressure"



The second force on the disk is due to the spring.

F, =KX (3)
where x is the compression of the spring.
F_2=K*x "spring force"

The third force is due to gravity acting on the disk. It may be negligible, but we have the
information to calculateit.

F,=mg 4)
where misthe mass of the disk and g is the acceleration of gravity.
F 3=m*g# "gravitational force on disk"
Note that g# is a built-in constant that returns standard gravitational acceleration. To see a

complete list of the built-in constants in EES select Constants from the Options menu. The force
balance at the point in which the value just opensis then:

PA=F +F,+F, (5
P*A=F_1+F 2+F_3 “force balance"

where P is the pressure at which the valve opens (in Pa). We can convert P to kPa easily using
the convert function.

P_kPa=P*convert(Pa,kPa) "convert to kPa"
We can also convert the pressure to psia and the spring constant from N/m to lb/in.

P_psia=P*convert(Pa,psia) “pressure in psia"
K_eng=K*convert(N/m,Ib_f/in) "K in english units"

This problem should run and checked for unit consistency as well as against your intuition. The
solution is P = 740.9 kPa or 107.5 Iby/in®.

b.) Generate a plot showing how the opening pressure and spring constant are related.

Comment out the specification of the spring constant:
{K=5000 [N/m]} "spring constant"

and create a parametric table with 25 rows containing variables P_kPa, P_psia, K and K_eng
(select New Parametric Table from the Tables menu). Right click on the column for K and select



Alter Valuesin order to fill the cells for K in the table with values ranging between 0 and 10,000
N/m. Run the table (select Solve Table from the Calculate menu) and plot the results. The plots
should appear as shown in Figures 2 and 3.
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Figure2: Lift pressureasa function of the spring constant (Sl).
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Figure 3: Lift pressureasa function of spring constant (English).



1.C-4
The flight deck on an aircraft carrier is relatively short and therefore a tailhook is required in order
to land a plane, as shown in Figure 1.C-4. The tailhook snags one of several arresting wires that are

attached to hydraulic cylinders. The system can bring an m = 27 ton aircraft traveling at V,, = 150
mph to rest in approximately tsop = 2 S. Assume that the plane experiences a constant rate of
decel eration during this process.

Figure 1.C-4: Tailhook and arresting wireon an aircraft carrier.

Hand in your EES program; make sure that you print out the Equations and Solutions Window and

check that there are no unit warnings.

a) What is the deceleration experienced by the pilot (in m/s? and g's - multiples of the acceleration
of gravity)?

The inputs are entered in EES:

"Inputs”

m=27 [ton]*convert(ton,kg) "mass of aircraft"
Vel_ini=150 [mph]*convert(mph,m/s) “initial velocity of aircraft"
t_stop=2 [s] "stop time"

Therate of deceleration istheratio of the change in velocity to the time:

ni (1)

dec=Vel_ini/t_stop "rate of deceleration"
dec_g=dec/9.81 [m/s"2] in g

Note that the units of the variable dec are automatically in m/s” as these are the base S| unit for
acceleration. There is no built-in unit corresponding to a'g’ and therefore it is necessary to divide
by the deceleration of gravity. Thisleadsto dec = 33.5m/s’ or 3.42 g's.



b.) How far doesthe aircraft travel during the landing (in ft)?

The deceleration rate is constant and equal to dec; therefore:

E[%j =—dec 2)
dt\ dt
where X is the distance traveled by the plane. Integrating Eq. (2) one time leads to:
dx
d| — |=—dec|dt 3
| [ o j | 3
or
dx
— =—dect+C 4
pm 1 (4)
where C; isaconstant of integration. Substituting the initial velocity (— =V, at=0)into Eq. (4)
leads to:
\7ini = Cl (5)
or
K _dect+V, ©)
dt
Integrating Eq. (6) leads to:
[dx=[(-dect+V,, )d (7)
or
t2
x_—dec2+\/,mt+C (8)

where C; is a second undetermined constant of integration. Substituting the initial position (x =0 at
t =0) into Eq. (8) leadsto:

C,=0 (9)

Therefore:



2

x=—dec%+\7 t (10)

ini

The distance traveled at the time the plane comestorestis:

2

t ~
Xgop = —deC 5‘20" +V

(11)

ini “stop

X_stop=-dec*t_stop”2/2+Vel_ini*t_stop "distance traveled"
x_stop_ft=x_stop*convert(m.,ft) “in ft"

Note that the variable x_stop isin m and must be converted to ft using the convert command. This
calculation leads to Xgqp = 220 ft.

c.) Estimate the force that the tailhook exerts on the plane in the direction that opposes its forward
motion (in 1bx).

The force onthe planeis:
F = mdec (12

F=m*dec "force exerted on plane"
F_Ibf=F*convert(N,Ibf) "in Ibf"

which leads to F = 184,600 Ibx.
d.) What isthe change in the kinetic energy of the airplane (in MJ)?

The kinetic energy of the plane changes by:

72

AKE = —mV‘Z“i (13)

DELTAKE=-m*Vel_ini*2/2 "change in kinetic energy"
DELTAKE_MJ=DELTAKE*convert(J,MJ) "in MJ"

which leads to AKE = - 55.1 MJ.

e.) Generate a parametric table that includes the deceleration experienced by the pilot (in
g's multiples of the acceleration of gravity on earth), the stop time, tsop, and the distance that the
aircraft travels (in ft). Vary the stop time from tgop = 0.5 St0 tgop = 5 Sand solve the table. Plot
the deceleration experienced by the pilot (in g's) as a function of the distance that the aircraft
travels (in ft). If the pilot cannot experience more than 4 g's during landing then how long must
the flight deck be?



A parametric table is created by selecting New Parametric Table from the Tables menu. The
variables t_stop, x_stop ft, and dec g are selected (Figure 2) and a new parametric table is
generated (Figure 3).

New Parametric Table EH

Mo. of Hunsl'"] j Tahle:ITahle 2

WYanables in equations ¥anablez in table

DELTAKE
DELTAKE_MJ
F

F_Ibf

m

Add ==

=5 Hemove |

Yel_im

x stop ﬂ

[+ Show Amay Yariables

wr DK X Cancel |

Figure 2: New Parametric Tabledialog.

Table1 Table2 |

1 z 3
[ decg EI tﬂop BI Kstop ft !|
a0 [] (5] [f]

Run 1
Run 2
Run 3
Run 4
Run 5
Run &
Run 7
Run &
Run 9
Run 10

Figure 3: New parametric table.

The value of tgop in the Equations Window is commented out by highlighting the line and right-
clicking (Figure 4) and then selecting comment.



"Inputs"

=27 [ton]*convertiton, k) "mass of aircraft"
“el_ini=150 [mph]*convert{mph,m/s) "Initial welocity of aircraft"
= : "stop time"

'Z:Ernrnent I+ shifk+Chrl+[ I
dec=  CoOmment®®  Shift+Ctri+! "rate of deceleration”
de':t— Highlight Shift+Ctri+H "'ET_ d o
*=#IC ks List shift+Ctri+l [P distancs fravele
x_sto in ft
F=rm"  cCut “tarce exerted on plane"
F_lbf copy "in If"
DEL  paste "change in kinetic energy”
DEL (=H) "irn kA"

Wariable Info Shift+Chrl+Y

Print Seleckion  Shift-+Cerl+P

Protected

Figure 4: Comment out the value of tygp.
The code should become:
{t_stop=2 [s]} "stop time"

The value of the variable t_stop is varied in the parametric table by right-clicking on the header for
the column and selecting Alter Values (Figure 5).

Figureb5: Alter valuesdialog.

The entries in the column should go from 0.5 sto 5.0 sin equal intervals (Figure 6).

Table1 Table2 |

1 i 3
120 dECg j tstop j Xstop,ﬂ j
[-] (5] [f]
Run 1 04a
Run 2 1
Run 3 15
Run 4 2
Run & 25
Run & 3
Run 7 34
Run & 4
Run 9 445
Run 10 5

Figure 6: Parametric table with tgo, Set.



Select Solve Table from the Calculate menu to obtain the solution for deceleration and stopping
distance. Select plot in order to create Figure 7.
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Figure7: Deceleration rate as a function of stopping distance.

If the pilot islimited to 4 g's then the stopping distance must be at |east 180 ft according to Figure 7.



1.C-5

One of the main purposes of a seat belt is to ensure that the passenger stops with the car during a

crash rather than flying freely only to be stopped more quickly by a hard object. Assume that a

vehicle traveling at V,, = 30 mph comes to a halt in a distance of L = 0.75 ft during a crash.

Assume that the vehicle and passenger experience a constant rate of deceleration during the crash.

Do this problem using EES.

a) The stopping distance of a passenger that is not wearing a seat belt is estimated to be 20% of the
stopping distance of the vehicle. Calculate the force experienced by a M = 180 |b,, passenger
(inlbs and N) if heis not wearing a seat belt during the crash.

The inputs are entered in EES:

"Inputs"

VeP_ini=30 [mph]*convert(mph,m/s) “initial vehicle velocity"
L=0.75 [ft]*convert(ft,m) "stopping distance of vehicle"
m=180 [lbm]*convert(lbm,kg) "mass of passenger"

Notice that the units of each constant (e.g., 30 for the velocity) are set directly using square brackets
and the units of the variables are converted to base Sl units as needed. The unit of the variable
Vel_ini is m/s - this is specified in the Solutions Window by right-clicking on the variable and
entering the unit, as shown in Figure 1.

m = 8165 [kg] Vel =13.41 [mjs]

Format Selected ¥ariables I—
Format: I Auto format I?

* | Hilite:| Normal  FG: /M -] BG:| | [
Units:

[~ Key ¥Yariable

X Cancel |

Figure 1. Setting the unitsof thevariables.

C
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In order to compute the force experienced by the passenger it is necessary to first determine the rate
of deceleration experienced by the passenger.

The deceleration rate is constant and equal to dec; therefore:

d(dx

where X is the distance traveled by the vehicle. Integrating Eq. (1) one time leads to:

[d [%} = —dec [ dt )



or

& _ —dect+C,
dt

where C; isaconstant of integration. Substituting the initial velocity (— =

leads to:

or

d = —dect+V

ini

The stopping time is the time at which the velocity reaches zero:

+V

stop ini

0= —dect

or

stop
Integrating Eq. (5) leads to:
j dx = J' —dect +v,; ) d

or

2

x:—dect—+vini t+C,
2

where C; is a second undetermined constant of integration. Substituting the initial position (x =0 at

t =0) into Eq. (9) leadsto:

Therefore:

3)

. at=0)into Eq. (3)

(4)

()

(6)

(")

(8)

(9)

(10)

(11)



The stopping distance is the distance at which time the vehicle comes to rest:

2

tStop -
Lsop =—dec 2 +Vini tstop (12)
Substituting Eq. (7) into Eq. (12) leadsto:
~ 2 ~
dec( V_. ~ V.
L, =————| 20| 4V O 13
QOp 2 [d&j ni da: ( )
Solving Eq. (13) for the deceleration rate |eads to:
72
dec = Vin (14)
2L

stop

The stopping distance for a passenger not wearing a seat belt is 20% of the vehicle stopping
distance and the deceleration is computed according to Eq. (14).

L_stop=0.2*L "stopping distance”
dec=Vel_ini"2/(2*L_stop) "deceleration"
dec_g=dec/g# "deceleration in g's"

Notice that the units of the variables resulting from the computation must be the appropriate base Sl
units. The units for the variable L_stop must be m and the units for the variable dec must be m/s”.
The result of this calculation indicates that the passenger will experience a deceleration of 200.6 g's
during the crash if heis not wearing a seatbelt. The force experienced by the passenger is:

F =decm (15)

F=dec*m “force"
F_Ibf=F*convert(N,lbf) “in N"

which leadsto F = 160.6 kN (36,104 |by).

b.) Calculate the force experienced by an m = 180 by, passenger (in Ib; and N) if he is wearing a
seat belt that does not stretch during the crash.

The stopping distance is changed so that it is equal to the stopping distance associated with the car;
the calculations are otherwise unchanged:

L_stop=L "stopping distance”
dec=V_ini"2/(2*L_stop) "deceleration"
dec_g=dec/g# "deceleration in g's"
F=dec*m “force"
F_Ibf=F*convert(N,lbf) “in N"

which leadsto F = 32.1 kN (7221 Iby).



c.) Many seat belts are designed to stretch during a crash in order to increase the stopping distance
of the passenger relative to that of the vehicle. Calculate the force experienced by the passenger
(inlbs and N) if his seat belt stretches by Lgreich = 0.5 ft during the crash.

The stopping distance is changed so that it is equal to the sum of the stopping distance associated
with the car and the stretch in the seat belt; the calculations are otherwise unchanged:

L_stretch=0.5 [ft]*convert(ft,m) "stretch in the seat belt"
L_stop=L+L_stretch "stopping distance"
dec=V_ini"2/(2*L_stop) "deceleration”
dec_g=dec/g# "deceleration in g's"
F=dec*m "force"
F_Ibf=F*convert(N,lbf) "in N"

which leadsto F = 19.3 kN (4332 Ibx).
d.) Plot the force experienced by the passenger as a function of the stretch in the seat belt.

A parametric table is created by selecting New Parametric Table from the Tables menu. The
variables L_stop and F are selected (Figure 2) and a new parametric table is generated (Figure 3).

MNew Parametric Table EE
Mo. of Fluns|1l] j Tahle:ITahIe 2
Yariables in equations Yariables in table
dec F
dec_g L_stretch

F_Ibf Add =
L

m
Vel ini
% <5 Hemove

L_stop 4|
e Rencve|

¥ Show Array Yariables

o DK X Cancel |

Figure 2: New Parametric Table dialog.

EParametric Table [[}:] =] B3

Table 1 |

120 : F jz Lstretch kzlj
[h] [m]

Run 1
Run 2
Run 3
Run 4
Run 5
Run &
Run 7
Run 8

Run g ;I
Figure 3: New parametric table.




The value of Lgretch that was specified in the Equations window is commented out by highlighting
the line and right-clicking (Figure 4) and then selecting comment.

“Inputs"
Weal_ini=30 [mphl*convert{mph.m/s) "initial wehicle welocit,"
L=0.75 [fiJ*convert(fi.m) "stopping distance of wehicle"
m=180 [lbm]*conwvertlbm, ko) "mass of passenger”
L_stretch=0.5 [fi]*conwve i) "stretch in the seat belt"
L_stop=L+L_stretch '3:'Z'rl'lﬂ'""-£t 1} Shift+Ctri+{ "stopping distance"
dec=*el_ini"2/(2*_stop  CommehE * " Shift+Ctrl+ "deceleration"”
gfﬁ;'ﬂ;ﬂec’fg# Hithight Sh?Ft+CtrI+H .,Enfsg,l,eramn ngs
F_Ibf=F*convert, Ik Uit List = s "

Cuk

Copy

Paste

Wariable Info  Shifk-+CEr 4

Print Selection  Shift-+Ckr4-P

Protected
Figure 4: Comment out the value of L grech.

The code should become:
{L_stretch=0.5 [ft]*convert(ft,m)} "stretch in the seat belt"

The value of the variable L_stretch is varied in the parametric table by right-clicking on the header
for the column and selecting Alter Vaues (Figure 5).

L_stop: Column 2 HE

First Row |1 'I " Clear Yalues Apply

Last Row |1l] 3. ' Enter Yalues

Enter Values

First Value Il] m

ILasl valuej Il].5 m

r IHepeal pattern every j I'":l j TOWsS

' OK x Cancel |

Figure5: Alter valuesdialog.

The entries in the column should go from O m to 0.5 min equal intervals (Figure 6).



EParametric Table E _ O] x|

Table 1 |

’ 1 F \!r Ls‘lretch \!'ﬂ

1.0 [M] [m]

Run 1 0
Run 2 0.05558
Run 3 0111
Run 4 0.1667
Run & 02222
Run B 0.2778
Run 7 0.3333
Run & 0.3889
Run 9 0.4444 LI

Figure 6: Parametric table with Lgech Set.

Select Solve Table from the Calculate menu to obtain the solution for force. Select plot in order to
create Figure 7.
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Figure7: Force asa function of stretch.




1.C-6

Some hybrid and electric car manufacturers have begun to advertise that their cars are "green”
because they can incorporate solar photovoltaic panels on their roof and use the power generated
by the panel to directly power the wheels. For example, a solar array can be installed on the roof
of the Fisker Karma car (see www.fiskerautomotive.com). In this problem we will assess the
value of a solar panel installed on the roof of acar. Assume that the panel isL =5 ft long and W
=4 ft wide. On avery sunny day (depending on your location), the rate of solar energy per area
hitting the roof of the car is sf = 750 W/m®. Assume that the panel's efficiency relative to
converting solar energy to electrical energy is n, = 10% (0.10). The cruising power required by

the car is W, =20 hp.
a) Estimatetherate of electrical power produced by the panel.

The inputs are entered in EES:

L=5 [ft]*convert(ft,m) "length of panel"

W=4 [ft]*convert(ft,m) "width of panel"

sf=750 [W/m"2] "solar flux"

eta p=0.10 [-] "efficiency of solar panel"
W_dot_car=20 [hp]*convert(hp,W) "cruising power required"

Notice that the units of each constant (e.g., 5 for the length of the panel) are set directly using
square brackets and the units of the variables are converted to base Sl units as needed. The unit
of the variable L ism - thisis specified in the Solutions Window by right-clicking on the variable
and entering the unit, as shown in Figure 2.

GELS |

Unit Settings: [JI/[K]/[Pal/[kg]/[radians]

- JFormat Selected ¥ariables
Format: I Auto format I?

Hilite:| Normal ~ FG: (M| BG:| -]
Unils:lﬁ
[~ Key ¥ariable

X Cancel |

Figure 2: Setting the units of the variables.

Mo unit problems were detected.

Calculation time = 0 sec.

The area of the solar pandl is:
Ara =LW ()
The power produced by the panel is given by:
W = Apna S 77, )

A_panel=L*W "panel area"
W_dot_panel=A_panel*sf*eta_p "power received from solar panel"



Notice that the units of the variables resulting from the computation must be the appropriate base
Sl units. The units for the variable A_panel must be m? and the units for the variable W_dot_panel
must be W. The result of this calculation indicates that the solar panel will produce 139.4 W of
electrical power.

b.) Calculate the fraction of the power required by the car that is produced by the solar panel.

The parameter fpower IS defined as the ratio of the power produced by the panel to the power
required by the car.

f =—rn (3)

f_power=W_dot_panel/W_dot_car "fraction of power provided"

which leads to fyower = 0.0093 (0.93%).

c.) If the car (and therefore the panel) sits in the sun for tg; = 6 hours during a typical day then
determine the total amount of electrical energy produced by the panel and put into the car's
battery.

The total amount of energy produced is:

W =W_t (4)

t_sit=6 [hr]*convert(hr,s) "sitting time"
W_panel=t_sit*W_dot_panel "energy collected by panel"

which leads to Wiang = 3.01x10° J.

d.) If the car isdriven for tgive = 30 minutes during a typical day then determine the total amount
of energy required by the car.

The total amount of energy required by the car is:
Wcar :Wcar tdrive (5)

t_drive=30 [min]*convert(min,s) "driving time"
W_car=t_drive*W_dot_car "energy required by car"

which leads to Wiy = 2.69x107 J.

e.) Calculate the fraction of the energy required by the car that is produced by the solar panel
during atypical day.



The parameter feergy iS defined as the ratio of the energy produced by the panel to the energy
required by the car.

anel
foeg = E (6)

f_energy=W_panel/W_car "fraction of energy provided"

which leads t0 fenergy = 0.112 (11.2%). Clearly the solar panel only makes sense if the car is
parked outside all day. Even then it doesn't contribute much to the energy required by the car.

f.) Create a plot showing the fraction of energy required by the car that is produced by the solar
panel, your answer from part (€), as a function of the panel efficiency; note that achievable
panel efficiencies range from near zero to at most about 0.20.

A parametric table is created by selecting New Parametric Table from the Tables menu. The
variables eta_p and f_energy are selected (Figure 3) and a new parametric table is generated
(Figure 4).

New Parametric Table K

No. of Runs|10 = %ahle:hahle 2

WYariables in equations VYariables in table
A_panel - eta_p
f_power [_energy
L Add == |

Q7 _dot_s

t_drive

t_sit

W

W_car <= Hemove |
W_dot_car

W dot panel LI

[v Show Amay Yarnables

« OK X Cancel |

Figure 3: New Parametric Table dialog.

Table 1 |
1 [hd |2 [l

i fenerg'f
1.0 [l [

Run 1
Run 2
Run 3
Run 4
Run s
Run &
Run 7
Run &
Figure 4: Parametric table.




The value of 7, that was specified in the Equations window is commented out by highlighting
the line, right-clicking, and selecting Comment {} as shown in Figure 5.

L=5 [ff*convert(ftm) "length of panel"
W=4 [ftf*convert(ftm) "width of panel"
0 _dot_s=760 [¥im 2] "solar flux"
n = n
yviral _ Corjient {1 hift+Cirl+1 vefficiency of solar pﬁmzlu
ot e b CErle Cruising power regquire
A_panel:  Highlight shift+Cbrl-+H ‘panel area”
W dot_p (nits List ShifrEE+l P "power received from solar panel”
t_power= "fraction of power provided"
Cut
t_git=b [l Copy "sitting tirne"
YW _panel  Paste "energy collected by panel”
t_drive=3 e T "driving time"
Wy_carst, oo e i+t "energy required by car"
f_energy  print Selection Shift-+Ctrl+P "fraction of energy provided"
Fratected

Figure5: Comment out the value of 7,.
The code should become:
{eta_p=0.10 [-]} "efficiency of solar panel"

The value of the variable eta_p is varied in the parametric table by right-clicking on the header
for the column and selecting Alter Vaues (Figure 6).

First Row I1 vI {~ Clear Values Apply

Last Row |1l]1 3. {* Enter Yalues

Enter Yalues

First Walue II] -

ILast value j II]21

r IHepeal pattern every j |1|] j TOWS

 OK x Cancel |

Figure6: Alter valuesdialog.

The entries in the column should go from 0 to 0.5 in equal intervals (Figure 7).



Tablel|

1..I1>D1 | e jz Feneray \!‘
[-] [-]
Run 1 ]
Run 2 0.o02
Run 3 0.004
Run 4 0.005
Run & 0.008
Run & 0.0
Run 7 0.o12
Run & 0.014

Figure7: Parametric table with 7, set.

Select Solve Table from the Calculate menu to obtain the solution for force. Select plot in order
to create Figure 8.

0.225
0.2
0.175]

0.15[
0.125[
0.1]
0.075[

0.05]

Fraction of energy provided

0.025[

0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2
Panel efficiency
Figure8: Fraction of energy provided asa function of the pand efficiency.



1.C-7

A man'sweight is Wyt = 160 1b on earth where gravity is getn = 32.174 ft/s%.
a.) Determine the mass of the man (in Iby, and in kg).

Mass and weight are related according to:
Werth = MYeartn (1)
solving for mass leads to:

W, 160lb| & |[321741b -t

m= earth _

Jerit 132.174t| b, -’

=160lb,_ )

or, inkg:

m1601b,04526kg __, kg

| 1Ib ®)

m

b.) Determine the weight of the man on the surface of venus where gyenus = 8.87 m/s? (in both N
and Iby).

Using Eq. (1):
W —mq  _7257kg|887mI NS _ o (4)
enus — venus | 32 || kg'm - '
or,in b
w8487 N|0224811b, Ib, (5)

venus =
[



1.D-1

This problem should be done using EES.
a) The measured gage pressure and temperature in a container are P = 20 inch Mercury and T =
189.2°F. Determine the absolute pressure (in Pa) and temperature (in K).

The inputs are entered in EES:

"Inputs"
T _F=189.2 [F] "temperature in F"
P_g_inchHg=20 [inHg] "gage pressure in inHg"

The temperature is converted to K using the converttemp function:

T=converttemp(F,K,T_F) "temperature"

and the pressure is converted to absolute pressure in Pa by adding atmospheric pressure and
converting from units of inch Hg to Pa:

P=1 [atm]*convert(atm,Pa)+P_g_inchHg*convert(inHg,Pa) "pressure”

which leadsto T = 360.5 K and P = 169053 Pa.



1.D-2

A manometer is a device that is commonly used to measure gage pressure and a barometer is
used to measure absolute pressure. In your lab there is a mercury barometer that is used to
measure ambient pressure and a water manometer that is used to measure the gage pressure in a

tank, as shown in Figure 1.D-2. The temperature in the tank is also measured.

evacuated, P=0
P Pam | tank, T =92°F
=25.3inch
24, =29.5inch { A
water
bmercug manometer
arometer

Figure 1.D-2: Mercury barometer and water manometer.

The mercury barometer consists of a tube that is open at one end and contains a column of
mercury. The closed end of the tube is evacuated. Therefore, the height of the mercury column
can be related to the absolute pressure that is applied to the open end using a force balance. The
heigh; of the mercury column is z4g = 29.5 inch and the density of mercury is png = 13,530
kg/m”.

The water manometer is a U-shaped tube that is open at both ends. One end of the tube is
exposed to the pressure in the tank and the other end is exposed to local atmospheric pressure.
Therefore, the height of the column of water can be related to the pressure difference between
the tank and ambient (i.e., the gage pressure). The height of the water column is z, = 25.3 inch
and the density of water is py = 996.6 kg/m>. The temperature in the tank is 92°F.

a) Determine the gage pressure in the tank in Paand psi.

The inputs are entered in EES:

z_Hg=29.5 [inch]*convert(inch,m) "height of mercury column"
rho_Hg=13530 [kg/m"3] "density of mercury"
z_w=25.3 [inch]*convert(inch,m) "height of water column"
rho_w=996.6 [kg/m"3] "density of water"

0=9.81 [m/s"2] "acceleration of gravity"

A force balance on the column of water leads to an expression for the difference between the
tank pressure (P) and the atmospheric pressure (Po), which is the definition of the gage pressure

(Py):
szp_Pozpngw (1)

P_g=rho_w*z_w*g "gage pressure in the tank"
P_g_psi=P_g*convert(Pa,psi) "in psi"



which leads to Py = 6280 Pa or 0.911 psi. Note that manometers are so commonly used that
"inches of water" is an accepted unit of pressure; therefore, it is possible to obtain the same
answer using the convert command.

P_g2=25.3 [inH2O]*convert(inH20,Pa) "gage pressure in the tank"

which leads to Py, = 6300 Pa

b.) Determine the absolute pressure in the tank in Paand psi.

The atmospheric pressure is obtained from a force balance on the column of liquid mercury:
BJ = pHg g H Hg (2)
P_o=rho_Hg*z_ Hg*g# "atmospheric pressure"

which leads to P, = 99424 Pa. Note that the unit "inches of Mercury” is also an accepted
pressure unit; therefore the same answer can be obtained from:

P_02=29.5 [inHg]*convert(inHg,Pa) "atmospheric pressure"

which leads to Py > = 99898 Pa. The absolute pressure in the tank is:
P,=P+P (3)

S o) g

P_abs=P _g+P_o "absolute pressure in tank"
P_abs _psia=P_abs*convert(Pa,psi) “in psi"

which leads to Pa,s = 105704 Paor 15.33 psi.
c.) Determine the temperature in the tank in °C, K, and R.

The converttemp function is used to convert between temperature scales.

T_C=converttemp(F,C,92 [F]) "temperature, in C"
T_K=converttemp(F,K,92 [F]) "temperature, in K"
T_R=converttemp(F,R,92 [F]) "temperature, in R"

which leadsto T = 33.33°C, 306.5K, or 551.7 R.



1.D-3
We are going to analyze the self-contained breathing apparatus worn by a fire-fighter, shown in
Figure 1.D-3(a).

respirator,
— RR= 18 breaths/min

V,, = 0.75 liter/breath
T, = 150°F
P =15psig

out,gage
| tank,
Vi = 5 liter

Pfill,gage = 1800 psig

(@) (b)
Figure 1.D-3 (a) A fire-fighter wearing a self-contained breathing appar atus (b) a schematic of the apparatus.

A schematic of the device is shown in Figure 1.D-3(b). The volume of the air tank iS Vignk = 5
liter and the tank is initially filled with air at Priigage = 1800 psig (i.e., psi gage - this is a gage
pressure) at Ty = 50°F. The fire-fighter enters a burning building and the temperature of the air
in the tank increases to Tire = 150°F. The fire-fighter breaths from the respirator for time = 20
minutes. The air leaves the respirator at temperature Tou = Tiire aNd Pout,gage = 1.5 psig (i.€., again
- thisisagage pressure). The atmospheric pressureis Pym = 14.7 psi. The respiration rate of the
fire-fighter is RR = 18 breaths/minute and the volume of air inhaled during each breath is V, =
0.75 liter. You should model air as an ideal gas for this problem; the idea gas law relates
pressure, temperature, and specific volume according to:

where R = 287 N-m/kg-K is the gas constant for air and T and P are the absol ute temperature and

pressure.

a.) Determine the absolute pressure of the air initially in the tank and the absolute pressure of the
air leaving the respirator (in Pa).

The inputs are entered in EES:

RR=18 [1/min]*convert(1/min,1/s) "respiratory rate - frequency of breaths"
Vol_b=0.75 [liter]*convert(liter,m”3) "volume per breath"

Vol_tank=5 [liter]*convert(liter,m"3) "volume of tank"
T_fill=converttemp(F,K,50 [F]) “initial temperature of tank"
T_fire_F=150 [F] "final temperature of tank, in F"
T_fire=converttemp(F,K,T_fire_F) "final temperature of tank"

T out=T fire "temperature of air leaving respirator"
P_fill_gage=1800 [psi]*convert(psi,Pa) "fill gage pressure of tank"
P_out_gage=1.5 [psi]*convert(psi,Pa) "gage pressure at respirator"

R=287 [N-m/kg-K] "gas constant"

Po=14.7 [psi]*convert(psi,Pa) "atmospheric pressure"



time=20 [min]*convert(min,s) "time"
The absolute pressure in the tank when it isfilled is given by:

P = Pai gage + Pam (1)

Similarly, the absolute pressure of the air leaving the respirator is:

P = R)ut,gage + Pum 2
Ilall
P_fill=Po+P_fill_gage "fill absolute pressure of tank”
P_out=Po+P_out_gage "absolute pressure at respirator"

which leads to P = 1.251x10° Paand Py = 1.12x10° Pa.

b.) Determine the volume of air that passes through the respirator and is supplied to the fire-
fighter (in liter).

The volume of air isthe product of the breathing rate, the volume per breath, and time:

V,, = RRV, time (3
llbll
Vol_out=RR*Vol_b*time "volume of air passing through the respirator"
Vol _out_liter=Vol_out*convert(m”3,liter) "in liter"

which leads to Vo« = 270 liter.
c.) Determine the mass of air that passes through the respirator.

Themass of air is given by:

\/
— out 4
rnout v ( )

out

where vy IS the specific volume of the air leaving the respirator, calculated using the ideal gas
law:

RT,

Vour = — (5)
Pt
nen
V_out=R*T_out/P_out "specific volume of air leaving respirator"
m_out=Vol_out/v_out "mass of air leaving respirator"

which leads to my,; = 0.310 kg.



d.) Determinetheinitial mass of air that isin the tank.
The specific volume of the air initially in thetank is:

RTfill

V= (6)
I:)fill
The mass of air initially inthetank is:
Vtank
— Jtank_ 7
m v (7)
lldll
v_1=R*T _fill/P_fill "specific volume of air in tank"
m_1=Vol tank/v_1 "initial mass of air in tank"
which leadsto m; = 0.770 kg.
e.) Determine the final mass of air that isin the tank.
A mass balance on the system consisting of the tank and the respirator is shown in Figure 2.
Myt
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1 rnz - m]_
e
| :
1 1
1 1
1 1
1 1
1 1
1 1
LNl
Figure 2: Mass balance.
The mass balance |eads to:
O=m, +m-m (8
"e
0=m_out+m_2-m_1 "mass balance on tank"

which leads to m, = 0.460 kg.

f.) Determine the final gage pressurein the tank (in psig).



The specific volume of the air left in the tank at the end of the processis:

v, = —ank (9)
The absolute pressure is related to the specific volume according to:
fire
Vv, = — "¢ 10
- (10)

The gage pressure is related to the absol ute pressure according to:

P2,gage = I:)2 - Ra\tm (11)
g
v_2=Vol_tank/m_2 "specific volume of air in tank"
v_2=R*T fire/P_2 "final absolute pressure"
P_2 gage=P_2-Po "final gage pressure"
P_2 gage psi=P_2_gage*convert(Pa,psi) "in psi”

which leads to Py gage = 1281 psig.
g.) Plot the final gage pressure in the tank as a function of Tre.

The specified value of T is commented out in the equations window:

{T_fire_F=150 [F]} "final temperature of tank, in F"
T_fire=converttemp(F,K,T_fire_F) "final temperature of tank"

and a parametric table is generated. Figure 3 illustrates the final gage pressure in the tank as a
function of Tie.
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Figure 3: Final gage pressurein tank asafunction of the temperature of theair in thefire.




1.D-4

You are working on an experimental fission reactor that is fueled by deuerium. The deuterium
gasisvery valuable and is delivered in V = 1 liter tanks, as shown in Figure 1.D-4. Y ou would
like to remove as much of the deuterium that is initially in the tank and transfer it to your
experiment as possible.

to experiment at P@(p‘g =5psig

?

tank,
V=1liter
T, =20°C
Pﬁ”‘g =15 psig
Figure 1.D-4: Deuterium tank connected to your experiment.

The initial temperature of the tank is Ti, = 20°C and the initial pressure is Psing = 15 psig (i.e.,
pounds per square inch gage pressure). The experiment is always maintained at pressure Peg g =
5 psig (adlso a gage pressure). The atmospheric pressure is Pam = 1 am. You should model
deuterium as an ideal gas for this problem; the ideal gas law relates pressure, temperature, and
specific volume according to:
_RT
P
where R = 2064 N-m/kg-K is the ideal gas constant for deuterium and T and P are the absolute
temperature and pressure.
a) Determine the absolute pressure of the deuterium initialy in the tank and the absolute
pressure of the deuterium in the experiment (in Pa).

Vv

The inputs are entered in EES:

$UnitSystem SI Radian Mass J K Pa

T _ini=converttemp(C,K,20[C]) “initial temperature”

R=2064 [J/kg-K] "gas constant”

P_fill_gage=15 [psi]*convert(psi,Pa) "initial gage pressure”

Vol=1 [liter]*convert(liter,m"3) "volume of tank"

P_exp_gage=5 [psi]*convert(psi,Pa) "gage pressure in the experiment"
P_o=1 [atm]*convert(atm,Pa) "atmospheric pressure"

The absolute pressure in the tank when it isfilled is given by:

PfiII =P

fill ,gage + Patm (1)
Similarly, the absolute pressure of the deuterium in the experiment is:

P =P__ +P

exp exp,gage atm (2)



P_fill=P_fill_gage + P_atm “initial pressure in tank"
P_exp=P_exp_gage + P_atm “pressure in experiment"

which leads to Py = 204746 Pa and Peg = 135799 Pa.

Initialy, the valve connecting the tank to the experiment is opened and deuterium flows from the
tank to the experiment until the tank pressure reaches Pep (note that the pressure in the
experiment does not change). The temperature of the tank remains at Ti,; during this process.

b.) Determine the mass of deuterium that passes from the tank to the experiment.

State 1 is defined as the state of the deuterium in the tank initially; therefore, Py = P and Ty =
Tini. The mass of deuterium is given by:

m =71 3

where v; is the specific volume of the deuterium in the tank at state 1, calculated using the ideal
gas law:

= @
R
"State 1"
P_1=P_fill "pressure"
T 1=T ini "temperature"
v_1=R*T 1/P_1 "specific volume"
m_1=Vol/iv_1 "mass"

State 2 is defined as the state of the deuterium in the tank after the pressure reaches the pressure
of the experiment; therefore, P, = Pep and T2 = Tini. The mass of deuterium is given by:

m == ©)

Vv,

where v, is the specific volume of the deuterium in the tank at state 2, calculated using the ideal
gas law:

v, = ©®)
P
"State 2"
P_2=P_exp "pressure"
T _2=T ini "temperature"
V_2=R*T_2/P_2 "specific volume"
m_2=Vol/v_2 "mass"

A mass balance on the system consisting of the tank is shown in Figure 2.



Figure 2: Mass balance.

The mass balance leads to:

0=y +M,—M (7)
0=m_out_12+m_2-m_1 "mass balance"
which leads to my 12 = 0.000114 kg (0.114 g).

c.) Determine the fraction of the mass of deuterium that isinitially in the tank that passes to the
experiment during this process.

The fraction of deuterium utilized by this processis.

My

(8)
m

f12

f 12=m_out 12/m_1 "fraction removed in 1-2"

which leads to f1, = 0.3367.

In order to get an additional transfer of deuterium from the tank to the experiment you have

decided to heat the tank to Thest = 50°C while the valve remains open. The tank is connected to

the experiment during this process so that the pressure in the tank remains at Peyp.

d.) Determine the mass of deuterium that passes from the tank to the experiment during the
heating process.

The additional input is entered in EES:

T _heat C=50 [C] "temperature of heated tank, in C"
T_heat=converttemp(C,K,T_heat_C) “temperature of heated tank"

State 3 is defined as the state of the deuterium in the tank after the temperature is elevated;
therefore, P3= Pegp and Tz = Thear. The mass of deuterium is given by:



(9)

v
™=

where v; is the specific volume of the deuterium in the tank at state 3, calculated using the ideal
gas law:

RT.
Vv, = —2 (10)
R
"State 3"
P_3=P_exp "pressure"
T _3=T heat "temperature"
v_3=R*T _3/P_3 "specific volume"
m_3=Vol/v_3 "mass"
A mass balance |leads to:
0= My 5+ M, —M, (11)
0=m_out_23+m_3-m_2 "mass balance"

which leads to my, 23 = 0.0002084 kg (0.021 g).

e.) Determine the total fraction of the mass of deuterium that isinitialy in the tank that passesto
the experiment during the entire process.

The fraction of deuterium utilized by this processis:

(Mygzz + My 25)
m

f

(12)

total

f_total=(m_out_12+m_out 23)/m_1 "total fraction of mass removed"

which leads to fia = 0.3983.

f.) Plot the total fraction of the mass of deuterium that isinitially in the tank that passes to the
experiment during the entire process as a function of the temperature of the tank at the

conclusion of the heating process for 20°C < Thes < 100°C.

The requested plot is generated using a Parametric table and shown in Figure 3.
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1.D-5

The water pressure for water in a city water system is provided by a water tower, which consists
of atank located above ground level. In a particular case, the level of water in the tower isL,, =
200 ft above ground level and the pressure of the enclosed air above the water is P, = 20 psia,

as shown in Figure P1.D-5. The density of water is py, = 62.4 lb/ft°.

water
Py = 62410, [ft3

m

L =200 ft

Figure P1.D-5: Water tower

a) What is the gage pressure that a home owner can expect to have at a water tap located at
ground level?

The pressure at ground level will be the pressure of the air above the tank plus the additional
pressure resulting from the weight of the water.

P:Pair+pwg|- (1)
The gage pressure is the pressure |ess the atmospheric pressure:

Poe=Pi + 0, 9L-P,,

gage
62.41b,|32.17ft|200ft| Ib-* | ft2 |psi-in?

| ¢ | |s2wbfain| b, oer @

=20 ps +

=92 psi



