
Numerical problems of "Applied Physics" 
(The solutions should be handed to the teacher in laboratory classes.) 

 
 
1)  Find the matrix of view factors of a room whose shape is specified as the hollow half-
sphere, i.e. a circular floor and a half-sphere copula above the floor. The floor is numbered 1, 
the copula as 2 (Follow strictly this numbering!) (Hint: see the textbook concerning radiation, 
"two-surface" room. Employ the three basic rules that are valid for view factors. Further 
explanations will be presented at the lectures.) 
 
 
2)  Find the matrix of view factors belonging to the room with a circular floor ( ) and 
above the floor there is a hollow cone (side length = 5 m). The floor is numbered as 1, the 
copula as 2 (Follow strictly this numbering!). (Hint: see the textbook concerning radiation, 
"two-surface" room. Employ the three basic rules that are valid for view factors.

3mr 

 Further 
explanations will be presented at the lectures.) 
 
 
3) Find the matrix of view factors of a small room shaped as the hollow rectangular 
parallelepiped with the floor dimensions 3m x 4m and height 3m. Because all of the side walls 
have the same temperature and emissivity, these four walls may be considered as a single 
continuous wall. Thus, the room has three inner surfaces" the floor no. 1, the side walls no. 2 
and ceiling no. 3. (Follow strictly this numbering!) An input view factor is available: 

. (Hint: see the textbook concerning radiation, "three-surface" room. Employ the 

three basic rules that are valid for view factors. 
13 0.2374F 

Further explanations will be presented at the 
lectures.) 
 
 
4)  The room shaped as a hollow rectangular parallelepiped with height of 3m and a floor with 
dimensions 3m x 4m contains a small plate heating panel (0.6m x 1.2m) mounted on the 
ceiling. The panel forms a part of the surface of the ceiling, that is, it is placed in the same 

level as the surfaces of the ceiling and thus it 
does not protrude from the ceiling. The 
centre of the panel coincides with the center 
of the ceiling, as shown in the picture. The 
four s de wa ls have id ntical temperatures 
and emissivity, and thus they may be 
considered as a single continuous surface 
which is numbered 2. The floor is marked as 
1 and the ceiling without the panel is marked 
as 3 and the panel as 4. (Follow strictly this 

numbering!) The room looks like a "four-surface" object and your task is to find its 
corresponding matrix of view factors. There are two view factors for your disposal: 

 a . 

i l e

 

41 0, 29230F  13 0, 21986F 
(Hint: see the textbook concerning radiation, the solution is similar to the case of the "three-
surface" room. Employ the three basic rules that are valid for view factors. Further 
explanations will be presented at the lectures.) 
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5)  In the room shaped as the hollow half-sphere described in the numerical problem no. 1) 
has a heated circular floor (r = 3m). The room is in the stationary thermal state. The 
temperature parameters are specified in the following table. Follow the surface numbering 
given in the numerical problem no. 1). 
 

Table: Input parameters 
 

Parameter Surface no. 1 Surface no. 2 
S (m2) 28.2745 56.5490 

T (K) 
303 

(floor) 
291 

(copula) 
  

(emissivity) 
0.95 0.5 

1    
(reflectivity) 

0.05 0.5 

4T    (W/ m2) 
8 25.67 10 (Wm K )     4 454.022 203.294 

 
 
Solve the problem according to the following points:  
 
a)  Specify the matrix of view factors (it was determined within Example 1)). 
 
b)  Form the system of algebraic equations for radiosities of both surfaces. 
 
c)  Calculate the densities of heat flows (W/m2) of both surfaces. 
 
d)  Calculate the radiant heat powers in Watts for both the surfaces and specify which surface 
radiates heat into the room and which takes heat from the room. 
 
e)  Check the correctness of the radiant heat powers according to the compensation theorem 
and decide whether they may be numerically acceptable.  
 
(Hint: see the textbook concerning radiation, "two-surface" room. Approximate radiant 
power of the floor ~1299 W.  Further explanations will be presented at the lectures.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
6)  The room is shaped as the hollow cone described in the numerical problem no. 2) has a 
heated circular floor. The room is in the stationary thermal state. The temperature parameters 
are specified in the following table. Follow the surface numbering given in Example 2). 

 
Table:  Input parameters 

 

Parameter Surface no. 1 Surface no. 2 
S (m2) 28,2745 47.124 

T (K) 
305 

(floor) 
289 

(copula) 
  

(emissivity) 
0.91 0.8 

1    
(reflectivity) 

0.09 0.2 

4T    (W/ m2) 
8 25.67 10 (Wm K )     4 446.5024 316.4204 

 
 
Solve the problem according to the following points:  
 
a)  Specify the matrix of view factors (it was determined within Example 2)). 
 
b)  Form the system of algebraic equations for radiosities of both surfaces. 
 
c)  Calculate the densities of heat flows (W/m2) of both surfaces. 
 
d)  Calculate the radiant heat powers in Watts for both surfaces and specify which surface 
radiates heat into the room and which takes heat from the room. 
 
e)  Check the correctness of the radiant heat powers according to the compensation theorem 
and decide whether they may be numerically acceptable.  
 
(Hint: see the textbook concerning radiation, "two-surface" room. Approximate radiant 
power of the floor ~2154 W.  Further explanations will be presented at the lectures.) 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
7)  The room shaped as the rectangular parallelepiped described in the numerical problem no.  
      3) has a heated floor. The room is in the stationary thermal state. Temperature parameters 
      are specified in the following table. Follow the surface numbering given in Example 3). 

 
Table:  Input parameters 

 

Parameter Surface no. 1 Surface no. 2 Surface no. 3 
S (m2) 12 42 12 

T (K) 
304 

(floor) 
290 

(walls) 
291 

(ceiling) 
  

(emissivity) 
0.94 0.88 0.89 

1    
(reflectivity) 

0.06 0.12 0.11 

4T    (W/ m2) 
8 25.67 10 (Wm K )     4 455.2031 352.9049 361.8637 

 
 
Solve the problem according to the following points:  
 
a)  Specify the matrix of view factors (it was determined within Example 3)). 
 
b)  Form the system of algebraic equations for radiosities of both surfaces. 
 
c)  Calculate the densities of heat flows (W/m2) of both surfaces. 
 
d)  Calculate the radiant heat powers in Watts for both surfaces and specify which surface 
radiates heat into the room and which takes heat from the room. 
 
e)  Check the correctness of the radiant heat powers according to the compensation theorem 
and decide whether they may be numerically acceptable.  
 
(Hint: see the textbook concerning radiation, "three-surface" room. Approximate radiant 
power of the floor ~899 W.  Further explanations will be presented at the lectures.) 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
8)  The room shaped as the rectangular parallelepiped has a heating panel mounted on the 
ceiling as has been described in the numerical problem no. 4). The room is in the stationary 
thermal state. The temperature parameters are specified in the following table. Follow the 
surface numbering given in Example 4). 

 
Table:  Input parameters 

 

Parameter Surface no. 1 Surface no. 2 Surface no. 3 Surface no. 4
S (m2) 12 42 11,28 0,72 

T (K) 
295 

(floor) 
290 

(walls) 
291 

(ceiling) 
343 

(panel) 
  

(emissivity) 
0.92 0.85 0.90 0.98 

1    
(reflectivityt) 

0.08 0.15 0.10 0.02 

4T    (W/ m2) 
8 25.67 10 (Wm K )     4  

395.0563 340.8741 365.9296 769.1850 

 
 
Solve the problem according to the following points:  
 
a)  Specify the matrix of view factors (it was determined within Example 4)). 
 
b)  Form the system of algebraic equations for radiosities of both surfaces. 
 
c)  Calculate the densities of heat flows (W/m2) of both surfaces. 
 
d)  Calculate the radiant heat powers in Watts for both surfaces and specify which surface 
radiates heat into the room and which takes heat from the room. 
 
e)  Check the correctness of the radiant heat powers according to the compensation theorem 
and decide whether they may be numerically acceptable.  
 
f)  What will happen with the radiant heat power of the panel, if the floor is cooler? 
 
g)  Compare the calculated power of the panel installed inside the room ( ) with the 

power of the same panel placed in the absolutely open space (
insideP

T 4
outsideP S ). Determine the 

percentage of heat power savings when the panel is placed inside the room. A note: Savings in 
heat energy stimulate savings in electricity that supplies the panel. 
 
(Hint: see the textbook concerning radiation and look at a similar solution as in the case of a 
"three-surface" room. Approximate radiant power of the panel  ~264 W.  Further 
explanations will be presented at the lectures.) 
 
 
 
 
 



 
9)  Within assignment 7), the radiant heat powers of all surfaces of the room (rectangular 
parallelepiped) were found. Thus, the radian heat power of the floor is known. The present 
task is to calculate the convective heat power of the floor and, finally, its total heat power 
(convective power plus radiant power). The room is in the stationary thermal state. The 
temperature of the air inside the room is 293T  K (~20 oC). Dimensions and temperature of 

the floor are given within assignment 7). 
------------------- 
A note: To determine the temperature parameters of convective flows, you may use the table 
which is enclosed at the end of this text (if necessary, use interpolation). Inspiration for 
solution could be found in the textbook (see chapters about natural convection with horizontal 
surfaces). Be careful, the surface of the floor is the so-called "upper warm". The approximate 
total heat power of the floor is ~1422 W. Further explanations will be presented at the 
lectures. 
 
 
Solve the problem according to the following points:  
 
a)  Calculate the characteristic dimension of the floor /L S O  (area divided by perimeter).   
 
b)  Determine the average temperature of the convective flow (convective film) fT  nearby the 

floor. 
 
c)  Near the floor, determine the temperature parameters  ,  ,  ,  ,  (see the table at 
the end of this text). 

Pr

 
d) Calculate the value of the Rayleigh number LRa (upper warm surface!). 

 
f)  Calculate the convective heat power of the floor c . 

 
g)  Calculate the total heat power of the floor t  (radiant plus convective powers). 

 
h)  Determine the heat percentages that go into convection and radiation. Decide whether the 
floor is a convective or radiant heater. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
10)  Within assignment 8), the radiant heat powers of all surfaces of a room shaped as the 
rectangular parallelepiped possessing ceiling heating panel were found. Thus, the radian heat 
power of the panel is known. The present task is to calculate the convective heat power of the 
panel and, finally, its total heat power (convective power plus radiant power). The room is in 
the stationary thermal state. The temperature of the air inside the room is K (~20 oC). 

The dimensions of the floor and its temperature are given within assignment 8). 

293T 

------------------- 
A note: To determine the temperature parameters of convective flows, you may use the table 
which is enclosed at the end of this text (if necessary, use interpolation). Inspiration for 
solution could be found in the textbook (see chapters about natural convection with horizontal 
surfaces). Be careful, the surface of the panel is the so-called "lower warm". The approximate 
total heat power of the panel is ~362 W. Further explanations will be presented at the 
lectures. 
 
 
Solve the problem according to the following points:  
 
a)  Calculate the characteristic dimension of the floor /L S O  (area divided by perimeter).   
 
b)  Determine the average temperature of the convective flow (convective film) fT  nearby the 

floor. 
 
c)  Near the floor, determine the temperature parameters  ,  ,  ,  ,  (see the table at 
the end of this text). 

Pr

 
d) Calculate the value of the Rayleigh number LRa (lower warm surface!). 

 
f)  Calculate the convective heat power of the panel c . 

 
g)  Calculate the total heat power of the panel t  (radiant plus convective powers). 

 
h)  Determine the heat percentages that go into convection and radiation. Decide whether the 
floor is a convective or radiant heater. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 


