Unified Engineering Quiz 1 NAME__WATTZ SoLUTIoNS
Fall 2002

Unified Quiz 1: Thermodynamics

October 3, 2002

One 81/2” x 117 sheet (two sides) of notes
Calculators allowed.
No books allowed.

* Put your name on each page of the exam.

+ Read all questions carefully.

* Do all work for each problem on the pages provided.
* Show intermediate results.

* Explain your work --- don’t just write equations.

« Partial credit will be given (unless otherwise noted), but only when the intermediate
results and explanations are clear.

* Please be neat. It will be easier to identify correct or partially correct responses when
the response is neat.

* Show appropriate units with your final answers.

* Box your final answers.

Exam Scoring

#1 (10%)

#2 (10%)

#3 (36%)

#4 (44%)
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1) (10%, partial credit given) In a few sentences describe the meaning of the First Law of
Thermodynamics. For what situations is it valid? Make sure to include definitions of heat and
work in your answer. (MO#1)

THE FLEST LAW OF THERMOOYNAMICS RELATES THE CHANGE W
ENEROY 0F A sysTem TO ENerey TRANSFERS T AN Fom
THE SNSTEM @Y WAY of WEAT (ENERGY TRANSFER OVE Ta
A TEMPLEATURE O\FPE RENGE ONLYY) AND WORK. (AL oTHER.
ENeO! TRANSFERS) | e cHANGE N ENERGY 18 EQUAL.
o THE DIFFERENCE BeTweepn e WEAT ADDEO To
THE SYSTEM AND Tde work DoNE RY THE SYSTEM. THE
FIRST LAW 1S VAUD FoRk AL SITUATIONS 'N WHICH (T
1S PosSIBLE TO OefINE THE STATE GF THe <ySTeEM.

2) (10%, partial credit given) What relationship between different time-scales is required to
model the flow in a gas turbine compressor as quasi-static and adiabatic? (MO#4, #5, #6)
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3) An unusual thermodynamic cycle is shown below. It consists of four processes involving an

ideal gas:
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Leg 1-2: quasi-static adiabatic process
Leg 2-3: isobaric process
Leg 3-4: quasi-static isothermal process

Leg 4-1: isochoric process
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a) (24 %, partial credit given) Label the heat and work transfers and change in internal
energy for each leg as (+), (-), or zero. (MO#4, #6)

USING AU=R-W ,  Pu=RT, AU=CAT
Q (+, - or zero) W (+, - or zero) Au (+, - or zero)
Leg 1-2 O _ -+
Leg 2-3 . . .
Leg 3-4 4 4 Q
Leg 4-1 . (-) .

b) (12%, partial credit given) For the cycle as a whole (the sum of legs 1-2-3-4) label the net
work, net heat flow and change in internal energy as (+), (-), or zero. (MO#4, #6)

Cycle work: _—
Heat flow to cycle:  —
Net change in internal energy: ()

s
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4) A device called a heat exchanger is shown below. Energy in the form of heat can pass through
the wall between the cold side and the hot side. The rest of the device is thermally-insulated.
Assume that both the hot side flow and the cold side flow behave as ideal gases with R=287 J/kg-K,
¢,=1003.5 J/kg-K, and ¢, = 716.5 J/kg-K.

Thermally-insulated 4
mdot=1kg/s - mdot=1kg/s
T=350K 7 i i T=300K
ci60 m/s /’Zf ¢=50 m/s
p=100kPa p=200kPa

mdot=5ke/s P 7] mdot=5ke/s
T=500K 1 T

c=100 m/s c=75 m/s
p=400kPa i % p=100kPa

a) (19%, partial credit given) What is the temperature at the exit of the hot side flow? (MO# 4)

b) (10%, partial credit given) This is a quote from Thermodynamics for Engineers by
Wong,©2000 by CRC Press. “No work is done in a heat exchanger.” Do you agree or
disagree and why? Please substantiate your argument with a calculation. (MO# 4)

¢) (5%, partial credit given) Is the process in this device reversible or irreversible and why?
(Do not do a calculation) (MO# 5)

d) (10%, partial credit given) Describe the energy exchange processes in the device in terms of
various forms of internal energy, kinetic energy, heat and work. (MO# 2)
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- BLANK PAGE FOR ADDITIONAL WORK -
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- BLANK PAGE FOR ADDITIONAL WORK -
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