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Exam FTV1 

June 16th 2015 

 

Maximum # points for each question are indicated 
 

Exercise 1 

The temperature in a lecture hall is controlled by a central heating 

system (radiators) characterized by a water temperature inside the 

radiators of 70 0C, a total surface area for heat exchange of 15 m2 and 

an overall heat transfer coefficient for central heating system – air of 10 

W/m2K. 

Heat loss in the lecture hall is dominated by 1) large single-glass 

windows with a total heat transfer coefficient inside air - glass - outside 

air of 5 W/m2K and 2) by cold air from the outside (Tout= 5 0C) coming in 

at a rate of 0.3 m3/s and warmed air leaving the hall. Heat loss through 

the walls and the roof can be ignored.  

Density air, ρ =1.2 kg/m3 and specific heat capacity of air, cp =1000 

J/kgK.  

Assume steady-state conditions. 

 

A) Calculate the maximal surface area of the windows allowed in order to 

achieve a (steady-state) inside temperature of 20 0C.    10 

 

Students complain that it’s too dark and that they can’t read the exam 

questions anymore. It is therefore decided to have an extra 12 m2 of 

windows in the hall with the same single glass as used before and with 

the same heat transfer coefficient inside air – glass – outside air of 5 

W/m2K.  

However, because of the extra heat loss the central heating system has 

to deliver extra power.    
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B) Calculate the extra power needed given the same steady-state inside 

and outside temperature of 20 0C and 5 0C, respectively.      7 

 

Not surprisingly, the electricity bill explodes because of these extra 

heating costs. The university decides to invest in insulation by replacing 

all the windows by thermopane, i.e., double (but slightly thinner) glass 

separated by a dry gas. The heat transfer coefficients are (from inside to 

outside): inside air – glass = 4 W/m2K, glass – dry gas – glass = 3 W/m2K 

and glass – outside air = 4 W/m2K.  

 

C) To what value can the water temperature inside the radiators be 

lowered given the same steady-state inside and outside temperature of 

20 and 5 0C, respectively and with the central heating system generating 

the extra power as well?        10 

 

 

Exercise 2 

Consider a growing water droplet at the tip of a vertical cylindrically-

shaped pipette with radius r of 1 mm. The growth rate (=volume 

increase) occurs very, very slowly. The droplet does not fall off due to the 

interaction between pipette tip (circumference=2πr) and water droplet 

surface causing an upward directed force of 2πrσ where σ is the surface 

tension of the water. 

Density ρ and surface tension σ of water are 1000 kg/m3 and 0.072 

kg/s2, respectively.  
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A) Give the force balance for the droplet and calculate the diameter d of 

the droplet.            5 

 

Even though the droplets grow very, very slowly, at a certain moment 

after reaching a certain size (i.e., mass) they fall off. The critical volume 

(Vcr) before droplets fall off depends on the density (ρ) and surface 

tension (σ) of the fluid and the gravitational acceleration (9.8 m/s2).   

 

B) Find a dimensional expression for Vcr.        7 

 

We repeat the experiment but with ethanol instead.  

ρ ethanol = 789 kg/m3 and σ ethanol = 0.0223 kg/s2 .  

 

C) Calculate the ratio Vcr,water / Vcr, ethanol.       10 

 

Exercise 3 

Two cylindrical, open tanks, 1 and 2, are connected by a narrow 

horizontal cylindrical pipe (radius R) with a valve, indicated by X. The 

cross sectional area of the tanks are A1 and A2, respectively. The cross 

sectional are of the connecting pipe is A, with A1/A=A2/A=100. Initially, 
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tank 1 is completely filled with water, tank 2 is empty and the valve is 

closed. At time zero we open the valve.  

 

x

1 2h

 

A) Express the change in water level in tank 2 over time, i.e., dh2/dt, in 

terms of dh1 and A1 and A2.           4 

 

The experiment is now repeated with two identical tanks, implying A1=A2. 

Further suppose that the water velocity (v) in the connecting pipe is 

directly proportional to the height difference in the two tanks, i.e.,  

v=K(h1-h2). The initial water level in tank 1 is h0.  

 

B) How much time does it take to reach h1=3/4h0, given a K value of 

0.00035 s-1.           10 

 

C) Find an expression for h1 as function of time and check this 

expression for the initial and the final water level.      10 

 

After replacing the cylindrical connecting pipe by a square one with side 

a, the experiment is repeated again.  

  

D) Express a in terms of R in order to get the same dh1/dt.     4 
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Exercise 4 

Suppose we study the reaction kinetics of a catalyst. Imagine a well-

stirred solution containing the substrate (that is converted by the catalyst) 

at a (constant) bulk concentration cB. The solution also contains a (flat) 

surface coated with the particular catalyst.   

The reaction rate v (in mol/m2s) of the catalyst as function of the 

substrate concentration c (in mol/m3) is given by:  

 

 

 

 

where vmax represents the maximal reaction rate under substrate 

saturation and Km an affinity constant (in mol/m3), the lower Km, the 

higher the affinity of the catalyst for its substrate.  

Under steady-state conditions, the mass flow of substrate towards the 

catalyst-coated surface equals the reaction rate of the catalyst.  

A system like this, with transport coupled to a chemical reaction, can 

either be transport-limited or limited by the chemical reaction rate. To find 

out what is the case during this particular experiment, the viscosity of the 

medium is slightly increased by adding glycerol. 

 

A) Explain the glycerol test.            5 

 

The concentration c in the expression above represents the substrate 

concentration the enzyme really ‘sees’, in this case the concentration at 

the catalyst-coated surface. However, quite often the bulk concentration 

cB is used instead. 

 

cK

cv
v

m +
=

.max
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B) Under what condition is substituting cB instead of c in this equation 

justified?             8 

 

A limit case for this system occurs if the catalyst has extremely high 

(almost infinite) affinity for its substrate.       

 

C) Calculate the mass transfer coefficient (in m/s) for this limit case given 

a Vmax of 7.5 mol/m2s and a substrate bulk concentration cB of 3 mol/m3. 

Assume steady-state conditions.       10 

 

 

Final mark = total # points/10  
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