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1.
A spherical tank for storing liquid O2 on the space shuttle is to be made from ss of 0.8m OD & thickness = 5mm. The BP & latent heat of fusion of liquid O2 are 90 K & 213 kJ/kg respectively.  The tank was installed in a large compartment whose temperature is to be maintained at 240K.  Design a thermal insulation system that will maintain O2 losses due to boiling below 1.0 kg/day. 
2.  
A spherical storage tank of 1000mm ID and 6mm thick is covered by an insulation of 20mm thick.  The k of tank wall is 30 times greater than that of the insulation.  It is planned to increase insulation thickness by another 10mm.  In such case what would be the percentage reduction in the heat losses after the additional insulation? Derive the equation used.
3. a) 
What is hydraulic (equivalent) radius? When is it used? What is the hydraulic radius of a duct of equilateral triangle cross-section of side ‘a’?



    b)
Define the Nusselt number. How is it related to temperature gradient in the fluid immediately in contact with the solid surface? Mention the various approaches which have suggested for estimating the value of Nusselt number.


4. a)
 Explain in detail the jH vs. NRe chart used for computing film coefficient.


b) 
A liquid is cooled from 61(C to 21(C in a pipe of 0.0222 m inner diameter at a linear velocity of 1.5 m/s at constant surface temperature. Estimate heat transfer coefficient neglecting viscosity correction. Given data are:

Prandtl number is 5.7

Thermal conductivity is 0.15 W/(m.K)

Viscosity is 0.005 kg/m.s

Density is 850 kg/m3.

5.
Steam saturated at 68.9 kPa (10 psia) is condensing on a vertical tube 0.305 m (1.0ft) long having an OD of 0.0254 m (1.0 in.)  and a surface temperature of 86.11oC. (187oF).  Calculate the average heat-transfer coefficient using English and SI units.
Properties of water




( = 968  kg/m3



k = 0.58  w/moC




Cp = 4180 j/kgoC




( = 1.14 x 10-6 N.sec/m2
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6. a)
Enumerate the salient features of thermal radiation.




 b)
Explain the terms, absorptivity, reflectivity and transmissivity. How are they related to each other for a black body?





    c)
What do you understand by black body and gray body?
7. a) 
With neat diagram explain 2-4 shell and tube heat exchanger and indicate the various parts.  









   
    b) 
Discuss the operation and advantages of a multiple effect evaporator.  

8. a) 
A solution containing 2.5 kg salt per 100 kg of solution is evaporated to 15% solids concentration inside an evaporator. Feed temperature is 20oC and the boiling point in the evaporator is 104oC. It requires 2260 kJ to evaporate 1 kg of water from the boiling solution whereas steam gives only its latent heat of vaporization, 2200 kJ/kg. How many kg of steam are required per kg of feed?  Given: 

Heat capacity of feed solution = 4.10 kJ/kgoC 

Heat capacity of the solution  = 3.77 kJ/kgoC   


b)
Draw a neat sketch of falling film evaporator and explain its principle of operation and applications.
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1. 
In order to measure the effective k of  a powder, the material is packed in the annulus between two aluminium spheres. The O D of inner sphere is 60 mm and the ID of outer sphere is 80 mm. The core of the assembly is electrically heated. In a SS experiment, the power supply to the core is 100W when the temperatures of the aluminium surfaces are found to be 210 & 600C. What is the k of the sample? 
2.
A hot chamber has an 8 cm thick inner layer of fire brick (k = 1.04W/m0C) and a 13 cm outer layer of ordinary brick (k = 0.69 W/m 0C. The inside & out side temperature are 400 & 750C, respectively. Considering that the outer surface temperature is too high, it is decided to apply a 5 cm thick layer of plaster on the outer surface. On doing so, the outer skin surface temp. Reduced to 600C & the rate of heat loss decreases by 250 W/m2 of the wall area. Calculate the k of the layer of plaster.
3. a) 
What is dimensional analysis? Explain any one method of dimensional analysis? 


b) 
Ethylene glycol enters a 5 m length of 0.1m diameter copper tube in a cooling system at a velocity of 5 m/s. Estimate the heat transfer rate if the average bulk temperature is 20(C and the tube wall is maintained at 100(C. The properties of ethylene glycol at 20(C are as follows.

Thermal conductivity is 0.249 W/m(K

Kinematic viscosity is 1.92 ( 10-5 m2/s

Pr = 204.


4. 
Water must be heated from 15 to 50(C in a simple double-pipe heat exchanger at a rate of 4 m3/h. The water is flowing inside the inner tube with steam condensing at 110(C on the outside. The tube wall is so thin that the wall resistance may be neglected. The linear velocity of water in the tube is 1.25 m/s. Assume the steam-film coefficient ho is 11000 W/ (m2.K). What is the length of the shortest heat exchanger that will heat the water to the desired temperature? Average properties of water:



Thermal conductivity is 0.61 W/(m.K)

Viscosity is 0.78(10 -3 kg/m.s

Density is 993 kg/m3.










Specific heat is 4190 J/Kg(K.
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5.
Steam at 1 atm.  Pressure abs.  And 100oC is condensing on a bank of five vertical tubes each 0.305-m high and having a OD of 25.4mm.  The tubes are arranged in a bundle spaced for enough apart so that they do not interfere with each other.  The surface temperature of the tubes is 97.78oC.  Calculate the average           heat-transfer coefficient and the total kg condensate per hour.

Properties of water




( = 968  kg/m3



k = 0.58  w/moC




Cp = 4180 j/kgoC




( = 1.14 x 10-6 N.sec/m2

6. 
State and explain the following laws relating to thermal radiation and temperature of a radiating body:

a)  Plank’s law

b) Stefan Boltzman law
  c) Wien’s displacement law 
7. a) 
Classify heat exchangers. Draw a neat diagram of 1-2 shell and tube heat exchanger and explain its various parts and their functions.  



    b)
A condenser is designed to cool 300 kg/hr of hot fluid of specific heat, 3000 J/KgK using a parallel flow arrangement. 1200 kg/hr of cooling water is used at a temperature of 15oC for cooling. If the overall heat transfer coefficient is 1500 W/m2K, calculate the outlet temperatures of the cooled liquid and water and also the effectiveness of the heat exchanger. Given:




Surface area of the heat exchanger = 0.3 m2



Heat capacity of water = 4186 J/kgK 

8. a) 
Why is multiple effect evaporation preferred over a single effect?. Draw neat sketches of forward, backward and mixed feed evaporators with three effects and explain their applications and operation. 







 b)
A triple effect evaporator concentrates a liquid with no appreciable elevation of boiling point. If the temperature of steam to the first effect is 400 K and vacuum is applied to the third effect so that boiling point is 320K, what are the approximate boiling points in the three effects? The overall heat transfer coefficients may be taken as 3.5, 2.5 and 1.2 kW/m2K in the three effects.
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1.
A composite wall separates combustion gases at 2600oC from a liquid coolant at 100oC, with gas and liquid side convection co-efficient of 50 & 1000 w/m2K.  The wall is composed of a 10mm thick layer of beryllium oxide on the gas side and a 20 mm thick slab of s steel on the liquid side.  The contact resistance between the oxide and the steel is 0.05-m2 K/w.  What is the heat loss per unit surface area of the composite sketch the temperature distribution from the gas to the liquid? 
2.
An exterior wall of a house has 0.1 m layer of common brick (k=0.7 w/moc) followed by 0.038000000000.038 m layer of gypsum plaster (k=0.48 w/m oc) .what thickness of loosely packed rock –wool insulation (k=0.0675 w/m oc) should be added to reduce the heat loss (gain) through the wall by 80%?
3. a) 
Explain the Raleigh’s method of dimensional analysis giving an example.



    b) 
How do you determine Grashof number? State its physical significance. 

4.
Oil at 10(C is heated in a horizontal pipe 15 m long having a surface temperature of 38(C. The inner and outer diameters of the pipe are 0.0525 and 0.0603 m respectively. The oil flow rate is 1.051(10-4 m3/s at inlet temperature. What will be the oil temperature as it leaves the pipe after mixing? What is the average heat transfer coefficient? Properties of the oil are given in the table below:

	Property
	10(C
	38(C

	Specific gravity
	0.80
	0.75

	Viscosity kg/m-s
	20(10-3
	10(10-3

	Thermal conductivity W/ (m.K)
	0.1246
	0.1281

	Specific heat kJ/(kg.K)
	3.1402
	3.1402


5. a)
Write a short notes on pool boiling of saturated liquid.



b)
Explain the effect of pressure on maximum boiling heat flux and critical temperature drop.

6. a)
State and prove Kirchoff’s law of radiation. 





    b)
What restrictive conditions are inherent in the derivation of Kirchoff’s law?   

    c)
Explain the utility of this law.
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7. 
A single pass surface condenser is to handle 5100 kg/hr of dry and saturated steam at 50oC. The outer and inner diameters of the tubes are 20 mm and 17 mm respectively. The length of tube is 3 m. The cooling water enters the tubes at 20oC. The velocity of water through the tubes is 2 m/s and the temperature rise in the cooling water is 10oC. Calculate the number of tubes. Take the following data:



Heat transfer coefficient on steam side = 11700 W/m2K  



Fouling factor of water side = 0.0002 m2K/W



Thermal conductivity of tube material  = 93 W/mK



Fouling factor of steam side = 0.0009 m2K/W. 

8. 
A fruit juice solution of 15% concentration is evaporated to a final concentration of 75% at a rate of 250 litre/hr of feed in a vacuum pan evaporator with heating coils. Vacuum is adjusted continuously such that the solution boils at only 60oC always. Steam at 120oC is used in the coils for heating, average overall heat transfer coefficient is 2513 kJ/hrm2oC. Estimate the heating surface area required. State your assumptions clearly. Given:


Mean specific gravity of feed solution is 1.4 and specific heat is 3.56 kJ/kgoC. 


( of steem = 2197 kJ/kg


( in vapour space = 2375 kJ/kg.
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1.
A pipe with 150mm outer diameter is lagged with two layers insulation each of equal thickness 50mm the k of one of the insulating materials is five times that of other.  What will be the ratio of heat loss when the better insulating material forms the outer layer to that when the better insulating material is placed next to the pipe?  Assume the inner and outer surface temperatures of the composite insulation are fixed.
2.
Spherical thin walled metallic container is used to store liquid nitrogen at           77 K. The container has a dia. of 0.5 m and is covered with an evacuated reflective insulation composed of silica powder .The insulation is 25 mm thick, and its outer surface is exposed to ambient air at 300kThe convective coefficient is known to be 20 w/m K .The latent heat of vaporization and density of liquid nitrogen are 2x10-5 j/kg and 804 kg/m3 respectively. And k silica =0, 0017 w/m K 

a)
What is the rate of heat transfer to the nitrogen?

b)
What is the rate of liquid boil off?

3. 
Oil at 25(C is heated in a horizontal tube 15m long having a surface temperature of 50(C. The pipe has an inner diameter of 0.05 m. The oil flow rate is 1 kg/s at inlet temperature. What will be the oil temperature as it leaves the tubes? What is the average heat transfer coefficient? The flow rate is in the laminar region. The properties of the oil are:

Specific gravity 0.8

Thermal conductivity 0.125 W/M(K

Specific heat 3.14 KJ/kg(K

Viscosity at 50(C is 0.025 kg/m-s.






Viscosity at 25(C is 0.015 kg/m-s.



4.
1000 kg/hr of cream cheese at 15(C is pumped through 1.5 m length of 0.08 m inner diameter tube which is maintained at 95(C. Estimate the temperature of the cheese leaving the heated section and the rate of the heat transfer from the tube to the cheese. The relevant thermo-physical properties of cheese are:

	Property
	

	Density kg/m3
	1150

	Viscosity kg/m-s
	22.5

	Thermal conductivity W/ (m.K)
	0.42

	Specific heat J/(kg.K)
	2750


Use the following correlation for laminar flow inside a tube:

Nu = 3.65 + {0.067[(d/l) Re Pr]/1+0.04[(d/l) Re Pr] 0.33 }.
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5. 
Write short notes on:


(a)
Critical temperature drop

(b) Transition boiling


(c) 
Leidenfrost point


(d) Nucleate boiling.

6. a)
Explain in detail how the combined heat losses by conduction, convection and radiation can be estimated.







    b)
Give three practical examples for the above situation.


    c)
Write a note on radiation in film boiling.  

7. a) 
Discuss the various factors which have an effect on heat transfer capacity of an Evaporator and on its economics.  







b)
How are heat exchangers classified? And sketch the temperature distribution in fluids in condensers and evaporators?

8. 
A solution of organic colloids is to be concentrated from 20 to 70 percent solids in a vertical tube evaporator. The solution has a negligible elevation in boiling point, and the specific heat of the feed is 0.93. Saturated steam is available at 0.7 atm abs, and the pressure in the condenser is 100 mm Hg abs. The feed enters at 25oC. The overall coefficient is 1700 W/m2oC. The evaporator must evaporate 20,000 kg of water per hour. How many square meters of surface are required and what is the steam consumption in kg per hour?
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