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Fall 2019 Qualifying Exam – Conduction Heat Transfer (Q1) – Closed Book 

Transient Temperature Distribution in a Thin Slab 

A very large (in Y and Z directions) thin slab is used inside the wall of a building. It is made of a porous 

material and has a thickness of 2 cm (in the X direction). It is initially at 40 0C on a hot day. Suddenly, 

the temperatures of both the large surfaces are reduced to 30 0C for all t>0 where t is the time in 

seconds. Develop an analytical expression for the transient temperature distribution T(x,t) in the 

porous slab. Assume the effective density of the slab is 850 kg/m3 and the effective specific heat is 

1900 J/kg·K. 

 

Equations 
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Fall 2019 Qualifying Exam – Radiation Heat Transfer (Q2) – Closed Book 

Real Body Radiation 

Two parallel plates 0.5 m X 1 m are spaced 0.5 m apart. One plate is maintained at 1000 oC and the 

other at 500 oC. The plates have emissivities of 0.2 and 0.5 respectively and are located in a very large 

room whose walls are at 27 oC. The surfaces of the plates that are facing each other (surfaces 1 and 2) 

are exchanging heat between them and the room (surface 3). The backsides of the plates are 

thoroughly insulated. Find the net heat transfer rate to each plate and to the room. 
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Fall 2019 Qualifying Exam – Thermodynamics (Q3) – Closed Book 

Gas Mixtures 

(a) A mixture of 60% N2, 30% Ar and 10% O2 on a mass basis is in a cylinder at 250 kPa, 310 K and 

volume 0.5 m3. Find the mole and the mass fractions and the mass of argon. 

(b) A slightly oxygenated air mixture is 69% N2, 1% Ar and 30% O2 on a mole basis. Assume a total 

pressure of 101 kPa and find the mass fraction of oxygen and its partial pressure. 

  

   Rm = Σ ci·Ri  Pv = RT Ru = 8.31447 kJ/kmol∙K 
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Fall 2019 Qualifying Exam – Convection Heat Transfer (Q4) – Closed Book 

Laminar Flow through a Pipe 

“Slug” flow in a pipe may be described as that flow in which the velocity is constant across the entire 

flow area of the tube, i.e., u = u0 (constant). Obtain an expression for the heat-transfer coefficient and 

the Nusselt number in this type of flow with a constant-heat-flux condition maintained at the wall. 

 

Equations 
 

 

 

 

 


