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Question #1) 
 
Consider a glass thermometer that is used to stir water in an insulated cup.  The cup 
volume is small so its temperature is not constant.  For simplicity however, you should 
consider only the heat exchanges between the thermometer and the water.  You should 
also assume that the temperature of the thermometer is uniform and that the water is well 
stirred.  Label the parameters for the thermometer as , and the relevant 
parameters for the water as .  The convective heat transfer coefficient 
between the thermometer and the water is h. Assume that you are considering only the 
submerged portion of the thermometer.  The initial temperatures of the thermometer and 
water are  respectively. 

1 1 1 1A ,ρ , c ,V

2 2 2 2A ,ρ , c ,V

oT  and T∞

 

 
 

1) Find the differential equations governing the change of temperature of the water 
and the thermometer. 

2) Solve the system of equations 
3) Assume that the heat transfer coefficient between the thermometer and the water 

is h = 20W/m2K, and that the length, the radius, the density and the heat capacity 
of the thermometer are 

.  Also, 
use for the water. 

3
1 1 1L 10cm (submerged length), R =0.25cm, ρ 750kg/m ,c 500J/kgK= = 1 =

3
2 1 2 2 2A A ,ρ 1000kg/m ,c 4180J/(kgK), V 200ml= = = =

4) What is the steady state temperature of both the water and the thermometer? 



Question #2) 
 
Air flows at 0.1 kg/s through a 0.5 cm-wide, 0.25 m-high channel found in a plate-
type heat exchanger.  The channel is 1m long and its walls are at 600K.  If the 
pressure is at 1 atm and the average of the inlet and outlet mean air temperatures is 
400K (use to estimate properties), find the average heat transfer coefficient.  



Question #3) 
 

A room has its floor maintained at 100 °C, while the walls are maintained at 17 °C. The 
floor of the room is circular with a 5 m diameter and the walls are 3 m tall. The ceiling, 
which is a dome of 2.5 m radius, is perfectly insulated. What is the radiant heat loss from 
the floor? What is the temperature of the ceiling if convection is ignored? The emissivity 
of the floor is 0.8. The emissivity of the walls is 0.9. What is the emissivity of the 
ceiling? 
 
 



Question #4) 
 
Assume that for heat transfer modeling, a person can be considered to be a cylinder that 
is 30 cm in diameter and 180 cm long. A person comes to the emergency room with a 
core body temperature of 27 °C, about 10 °C cooler than it should be. Assume that the 
effective thermal conductivity of the body is 0.3 W m-2 K-1. Take the density and specific 
heat to be approximately those of water. A 40 °C water bath is going to be used to raise 
the temperature of the body. Do you anticipate it being quicker to have the person lying 
or standing in the water bath? Would it be a good assumption to use a lumped 
capacitance analysis? Would air be a better choice for the fluid? 


