EXAM #1 — ME 2030 — Section 001 — Fall 2024
October 3, 2024
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INSTRUCTIONS: This is a closed book exam. You may use a 4 function
calculator. Zero credit will be earned if the honors pledge is not signed.
The equation sheet can be found at the back of the exam.

1. [10 points] The pressure of 2.7 kg of an ideal gas in a piston-cylinder assembly
increases from 2 bar to 5 bar in an isothermal process at 300K. What must
the heat transfer be in kJ in order for the internal energy of the gas to
not change during this process? Note that In(2/5) = —0.9163, and In(5/2) =
0.9163. The molecular weight of the gas is 44.01 kg/kmol.

GIVEN: m=2.3ks; F 2bar) B2 Shor i sobharmal; T 2200/ 4V =0
F/'\/D &=~

assumE: Mo KE oc PC ettats.
| for o C/DMS Jhw»

ANALYSIS; Co.E.
) QAE = 4v L/r/ no /KE or ,0;- &ﬁfea{s AU

So [62 V\/l

DIAGRAM

-mET

K%( 2 é”) (2.7%) E@oo@)( 0.9K3)

. R . 8.3 K hrgh K -
’2‘ Mw ~ 4401k;/ v 0,/95 kiﬂ

o = C2k)(0. 198755 ) (50°K) - 0.9143)
w: —140. 2 k3

(G- ~140.247]




2. [10 points] Use your knowledge of hydrostatics to develop an equation for
the pressure at a location z above the Earth’s surface assuming that the
air behaves as an ideal gas and that the temperature varies with 2z according

to the equation:

T=T,— Bz (1)

where [ is a constant (called the lapse rate) and 7, is the temperature at

z=0. Present you equation in terms of p,,f,7s, 2,9 and R, where p, is the
Present your equation in simplest possible form.

pressure at z=0.
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3. [10 points] A hose exhibits a change in diameter from 25 cm to 10 cm in the
flow direction. If the collapse pressure for the tubing material is -10,000
Pa, what is the maximum flow rate the hose can sustain without collapse if
the inlet pressure is 90kPa? Express your answer in m®/s. All of the above
pressures are gauge pressures. The density of water is 1000 kg/m3.

CUEN <o, dh | colprpesse, | N S 4,2 dem

FIND: ¥, \1,

ASSUME: ;5 Trat I .A Hlow, dube 7s hori zorctel ’6’/\ 5

ANALY SIS « We Sgé />2_ - 10000 Fa. beeamse N
PV pagssaré drop, v Td - 2Sem

V/
)éhe ‘V% bz M oS /Md'l‘ a5 j7 90/“]30"
%Mée cp//o7>§€~f '@ |
Bernoully, /3\} zf))/ 1%3 é(‘)l/ "c/g/c Eie & Aa,, OM

-ncl 2

9

Al LC(V V) - Z’(O /H‘ /gaz
" i M#& ,-—_(- s__L (7' 4'
F“&‘/ZCJFZ d* "33 - M(d““j

M/ ) (9% 000 . ~— 10000 P@WL

|
s M ¢ ((O)m)

—

SIGNATURE




EQUATION SHEET EXAM #1 - ME 2030

Miscellaneous

1
v== y=pg SG=-L

P szO

Pgage = Pabsolute — Patm
Quality (using v as the relevant property)
v =(1—z)vs + 2vy = v + z(vy — vy)
Ideal Gas Law
p=pRT pv=RT pvs=RI  pV=mRT  pV =nRT

Fluid Statics

—Vp -k = pa
With a=0 X
Vp+9k =0
in component form
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Inviscid, Incompressible, Steady Flow

1
p+ 3 pV? + vz = constant along streamline

V2 .
p+p / ﬁdn + vz = constant across streamline

where R is the radius of curvature.

(10)

Conservation of Energy - First Law of Thermodynamics
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(heat pump cycle)
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