
 

	
	

ME40:	Thermodynamics	
	

Mock	Final	Exam	
	

December	5th,	2024	
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Problem	and	Point	Summary:	
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Remarks:	

- Do	not	spend	time	interpolating	property	values.	Just	select	the	value	that’s	closest	
to	the	one	you	need.	

- Allowed	aids	are	3	letter-sized	sheets	(6-pages)	and	an	electronic	calculator.		
- To	get	full	credit	you	must:	

o indicate	what	the	equations	you	use	represent,	and	why	they	apply	
o if	terms	in	the	full	equations	are	neglected,	indicate	why	
o state	any	idealizations	about	processes	
o indicate	how	properties	are	evaluated,	i.e.,	indicate	table	number	if	relevant		
o show	units	on	properties	and	final	answer	
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1. Heat pump (15 pts) 
	
A	heat	pump,	which	operates	on	the	ideal	vapor-compression	cycle	with	the	refrigerant	R-
134a,	is	used	to	heat	a	house.	The	mass	flow	rate	of	the	refrigerant	is	0.25	kg/s.	The	
condenser	and	evaporator	pressures	are	1400	kPa	and	320	kPa,	respectively.		
	

a. Show	the	cycle	on	a	T-s	diagram	with	respect	to	saturation	lines.	
	

b. Determine	the	rate	of	heat	supply	to	the	house.	
	

c. Determine	the	volume	flow	rate	of	the	refrigerant	at	the	compressor	inlet.	
	

d. Determine	the	coefficient	of	performance	(COP)	of	this	heat	pump.	
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2. Clausius-Clapeyron equation (15 pts) 
	
A	long	vertical	column	of	a	particular	liquid	is	kept	isothermal	at	temperature	–	5°C.	The	
material	below	a	certain	point	in	the	column	is	found	to	be	a	solid;	that	above	this	point	is	a	
liquid.	
	
The	temperature	is	now	changed	to	–5.2°C,	and	the	solid-liquid	interface	is	observed	to	
shift	upward	by	1.03	m.	The	latent	heat	is	8,368	J/kg,	and	the	density	of	the	liquid	phase	is	
1000	kg/m3.		
 
What	is	the	density	of	the	solid	phase?		
	
Hint:	Note	that	the	pressure	at	the	original	position	of	the	interface	remains	constant.		
	
Note:	The	height	value	has	been	increased.	The	previous	value	produced	an	incorrect	value	
for	the	solid	density.		
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3. Free Expansion (15 pts) 
	
Imagine	a	system	where	there	is	a	rigid	container	of	volume	Vi	filled	with	van	der	Waals	gas	
of	mass	𝑚	separated	from	another	rigid	container	that	is	evacuated	by	a	membrane.	If	this	
membrane	is	suddenly	fractured,	the	gas	expands	and	fills	the	volume	of	both	containers,	
Vf.		
	
We	would	like	to	determine	the	change	in	entropy	during	this	process.	The	change	in	
entropy	can	be	described	as:	
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b. A	van	der	Waals	gas	has	the	following	equation	of	state:		

𝑝 =
𝑅𝑇
𝑣 − 𝑏 −

𝑎
𝑣)		

	
What	is	the	change	in	entropy,	𝑆* − 𝑆+?	Please	provide	a	formula.	
	

c. We	now	replace	the	van	der	Waals	gas	with	an	ideal	gas	and	repeat	the	expansion	
process.	What	is	the	change	in	entropy,	𝑆* − 𝑆+?	
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Property tables 
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