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Q.1(a) (i) A vector field is given by 𝑣⃗ = 𝑣⃗(𝑥, 𝑦, 𝑧). State the physical significance (and not 
merely formula) of ∇. 𝑣, ∇ × 𝑣, and ∇𝑣⃗ 

(ii) Using index notation, show that: 𝜏̿. 𝑣⃗ ≠ 𝑣⃗. 𝜏̿ 
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Q.1(b) Explain the Eulerian and Lagrangian framework in transport phenomena. [3] 2 2 

Q.1(c) Define forced convention with an example. [2] 1 1 
     
     

Q.2(a) The velocity profile of 𝑣௭ (axial component) for 1D, laminar, incompressible steady 
flow of a Newtonian fluid (viscosity - 𝜇)  down an inclined plane (inclination angle 𝛽) 
is given by: 

𝑣௭(𝑥) =
ρg𝛿ଶ𝑐𝑜𝑠𝛽
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Show that: 

(i) 𝑣௭,௔௩௚(𝑜𝑟 〈𝑣௭〉) =
஡୥ఋమ௖௢௦ఉ

ଷఓ
 

(ii) 𝑣௭,௠௔௫ =
஡୥ఋమ௖௢௦ఉ

ଶఓ
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Q.2(b) A Newtonian fluid is in laminar flow through a narrow slit formed by two parallel 
vertical walls kept at a distance 2B apart with width W. It is understood that B << W, 
so that "edge effects" are unimportant.  

(i) Construct a shell momentum balance with suitable assumptions. 
(ii) Obtain the expressions for the momentum-flux and velocity distributions. 
(iii) Draw the velocity profile. 
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Q.3(a) In vector notation, the equation for conservation of energy can be expressed as: 

𝜌𝐶௣ ൤
𝜕𝑇

𝜕𝑡
+ 𝑣⃗. ∇𝑇൨ = 𝑘∇ଶ𝑇 − (𝜏̿ ∶ ∇𝑣⃗) − ൬
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Explain the physical significance of each term. 

[3] 1,3 3 

Q.3(b) A fluid with density ρ and viscosity μ is located between two vertical walls a distance 
of 2B apart. Two heated walls are maintained at two different temperatures of T1 (at 
y=+B) and T2 (at y=-B), where T2>T1. The system is closed at the top and bottom and 
the fluid is circulating between the plates due to natural convection.  
(i) With suitable assumptions, boundary conditions, and energy balance equation 

show that 𝑇 = 𝑇ത −
ଵ

ଶ
∆𝑇

௬

஻
, where 𝑇ത = (𝑇ଵ + 𝑇ଶ)/2 and ∆𝑇 = 𝑇ଶ − 𝑇ଵ. 

(ii) With suitable assumptions, boundary conditions, and equation of motion show 
that 
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Where, 𝜌̅ = 𝜌|்ୀ ത்  and 𝛽̅ = −
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Q.4 In the figure below, a system is shown in which a liquid B moves slowly upward through 
a slightly soluble porous plug A. Thereafter, A gradually disappears by a first-order 
reaction to C (A→ C, -rA=kCA) after it has dissolved. Assume that the velocity profile is 
approximately flat across the tube and CA0 is the solubility of unreacted A in B.  

 

   

Q.4(a) Using the appropriate species transport equation and assumptions, show that the 
steady-state governing equation for CA is expressed by: 

𝑣଴

𝑑𝐶஺

𝑑𝑧
= 𝐷஺஻

𝑑ଶ𝐶஺

𝑑𝑧ଶ
− 𝑘𝐶஺ 
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Q.4(b) Name the type of transport and mathematical equation obtained in Q.4(a). [2] 2 2 

Q.4(c) Using the following dimensionless variables: 

𝐶ሚ஺ =
𝐶஺

𝐶஺௢
ൗ , 𝜉 = 𝑧/𝐿 

show that Eq. in Q.4(a) can be expressed in non-dimensional form as: 
 

𝑑𝐶ሚ஺
𝑑𝜉

=
1

𝑅𝑒𝑆𝑐

𝑑ଶ𝐶ሚ஺
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Here, 𝑅𝑒 =

ఘ௩బ௅

ఓ
 (Reynolds Number), 𝑆𝑐 =

ఓ

ఘ஽ಲಳ
 (Schmidt Number), and 

𝐷𝑎 =
௞௅

௩೚
 (Damköhler Number) 
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Q.5(a) (i) Define turbulent flow. 

(ii) Draw the velocity profiles for turbulent flow in circular pipe and flat plate. 
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Q.5(b) (i) Define turbulent momentum, thermal and mass diffusivities. 

(ii) Explain Reynolds Analogy. 
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Q.5(c) Time-smoothed momentum equation for turbulent flow is given by 

𝜕

𝜕𝑡
𝜌𝑣̅ = −∇𝑝̅ − [∇. 𝜌𝑣̅𝑣̅] − ൣ∇. ൫𝜏̅(௩) + 𝜏̅(௧)൯൧ + ρg 

Express the physical significance of each term of the above-mentioned equation.  

[3] 1,2 2 
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