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Abstract. Ventilation of buildings in winter period, especially in cold 

climatic conditions, requires rather big quantity of heat for preheating the 

ventilation fresh air. Consequently, an average low-income family pays a 

tangible cost for ventilation of apartments. To provide low cost ventilation 

of houses it is becoming attractive the use of solar energy for preheating 

the outside fresh air, before its supplying into the house. For this purpose, 

cheap solar air heaters are needed. To solve this problem a simple and 

cheap construction of solar air heater was developed, which is the main 

part of the ventilation system. The system consists of air heating solar 

collectors, installed on the roof of the house, warm air distribution 

ductwork, internal air circulation ducts and air-circulating fan. In summer 

period, the system is used only during nighttime period for circulating 

outside colder air through the internal space of the house. Such operation 

allows cooling internal air and as well the constructions of the house. As a 

result, the house accumulates nighttime natural cold for using it at daytime 

cooling purposes. Presentation includes the scheme, explanation of opera-

tion and method for design of suggested ventilation system. Analysis 

proved the energy efficiency and cost effectiveness of the new system.  

1. Introduction   

The ventilation of houses in winter period needs initial heating of outside fresh air up to the 

required inside temperature of a house. The preliminary heating of fresh air demands rather 

big consumption of energy and fuel. For this reason before supplying of ventilation fresh air 

into the house, it should be initially heated in special “hot water to air” type heat 

exchangers.  

According to the construction norms and rules the quantity of ventilation outside fresh 

air depends on sizes of the house and number of habitants. Each habitant of a standard 

residential house should be provided with gvent.=20 m
3
/h or gvent=0,0056 m

3
/s of fresh air. 

For example a standard family house, specified for 10 family with 5 person each or totally 

for 50 habitant of the house requires a quantity of ventilation air that can be calculated by 

the following equation:   

airhabventvent ngG .  kg/s.   (1) 
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where : .ventg = 0.0056 m
3
/s  standard norm of fresh air for 1 habitant per second,  

        nhab. = 250 habit. - number of habitants of the house, 

        air =1.25 kg/m
3
– density of air. 

 

Substitute of above values in (1) and making calculations will determine the quantity of 

ventilation air to be supplied into the average residential building per second:                  

75.125.12500056.0. ventG kg/s 

 

For heating the ventilation fresh air from outside tout = - 19
o
C to inside tins = 18

 o
C 

temperature the heat consumption Qvent will make a value which is calculated by the 

following equation:  

 outinairventvent ttcGQ     (2) 

where: cair =1.04 kJ/(kg
o
K) - specific heat of air,  

            tin=18
o
C, tout=-19

o
C - inside and outside air design temperatures. 

 

Substitute of data in (2) and making appropriate calculations will obtain the quantity of 

heat Qvent, needed for preheating of ventilation fresh air:   

                               34.6719(1804.175.1 ventQ kW 

 

For supplying of 67.34kW of thermal energy from gas heater will be needed fuel gas 

Vgas the quantity of which is determined by the following formula: 

fb

vent
gas

Q

Q
V


  , m

3
/s   (3) 

where:  Qvent – quantity of heat for heating ventilation outside fresh air, kWh 

            b =0.8 -  energy efficiency of heating boiler, 

             Qf  = 34700 kJ/m
3
– heating value of natural gas fuel. 

 

Substitute of obtained values in (3) and making calculations will determine the fuel 

(gas) consumption Vgas, in case of use of a gas boiler makes: 

 0024.0
347008,0

34.67



gasV m

3
/s or 8.64m

3
/h,  

 

The seasonal gas consumption will be:  

2376055005.064.8.  seasgasseasgas ZmVB m
3
/seas. 

where : m=0.5 - gas consumption seasonal averaging coefficient season,  

             Zseas=5500h - duration of winter season. 

 

As in Armenia the cost of 1m
3 

of gas makes approximately $0.32, the quantity of natural 

gas, consumed only for preheating of the ventilation air, will cost at least $7603 per  

heating season, which is a significant amount for low income families. The consumption of 

gas fuel can significantly be reduced, if the fuel gas is replaced by solar energy.  

2. Method for calculation and design of void type air solar 
heater 

The existing types of air solar heaters [1], are rather complicated and has low efficiency. 

Besides, the method for its design is rather rough. For providing efficient solar heating 

simple and cheap air heaters should be developed and used. For this reason, the authors of 
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this presentation have developed a new simplified and cheap construction of solar air 

heater, which is presented in fig.1. 

 

 
Fig.1. New simplified and cheap construction of solar air heater 

 

The suggested solar air heater represents itself a rectangular metallic box made of steel 

angle bars. The upside frame is covered by 2 mm thick glass. The side walls and the bottom 

of the box are made of 1.5 mm thick iron sheets. In the inside space of the box nothing is 

located, it is empty. For this reason, the suggested solar air heater is called void type solar 

air heater. The void type solar air heater operates in the following way: solar rays penetrate 

through upside glass cover (3) into the rectangular  dark colored box (1) and are absorbed 

by black internal surface, which is insulated (2) from outside. Outside air enters into the 

box through inlet duct (4) where contacts to internal hot surface of the box and is heated. 

The hot air exits from the hot box by the opposite side duct (5) and passes to the ventilation 

system of the house.  

 
The goal of calculation of the suggested heater is determining the width (b, m), length 

(l, m) and height (, m) of the hot box for providing required temperature of the air tv.h, 
o
C 

under given outside temperatures tout, 
o
C and intensity I, W/m

2
 of solar radiation. 

 

For describing the mentioned correlation a method of calculation and design has been 

developed, which is based on the following differential equation of energy balance:  

 

   dtcGdFttKnI airvout       or         dtcGdFKtKtnI airvout        (4) 

where: I - daily average intensity of solar radiation falling on the solar collector 

mounted on southern facing surface of the roof and inclined 30
o
 relative to horizontal 

surface, W/m
2
, 

n  - rate of penetration of solar rays into inside space of the box through glass cover, 

which makes 0.55 for single glazed, 0.44 for double glazed and 0.352 for triple glazed 

covers, 

K- heat transfer coefficient of glass cover, which makes 5 W/(m
2o

C) for single glazed, 

2.9 W/(m
2o

C) for double glazed and 1.1 W/(m
2o

C) for triple glazed covers,  

outt   - Outside air temperature, 
o
C,  

 t  - Current air temperature surrounding the air heater, 
o
C, 

F  - Surface of the solar heater, m
2
,   

 Gv - air flow through the heater, kg/sec. 

 

Integrating the equation (4) and making simplifications with adoption the conditions 

F=0; t=tout  the following equation is obtained: 
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 ttKnI

nI

K

cG
F

out

airv




 ln ,                                        (5) 

Substituting the values blF  and bGv  , In the equation (5) the main 

characteristics of the solar air heater is determined: 

-  Final temperature t, 
o
C of the air at the exit of the heater in case of given length l, m: 























airairc
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out e
K

nI
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1    (6) 

- for determining required length l, m of the heater in case of given final temperature t, 
o
C at the exit of the heater: 

 
nI

ttKK

c
l

out

airair








1

1
ln


   (7) 

where: ω – velocity of the air in the heater, m/sec. 

 

Investigation of the last equations prove that for providing high efficiency of the heater 

and higher temperatures of the air, it is desirable to design the heater with possible low 

values of height  and velocity of the air ω. It is recommended keeping the values =0.05m 

and ω=0.05m/s. However, such low values demand extremely big width b, m. For finding 

out the best conditions of operation and efficiency of the heater special computational 

experiments have been executed. The final temperatures t, 
o
C were determined depending 

on various values of length l, m and outside temperatures tout, 
o
C. The heater was previewed 

for applying in ventilation system, thus the final temperature of the air at the exit of the air 

heater was adopted t=18
o
C. The design outside temperature was taken tout= -19

o
C, and 

=0,05m, ω=0,05m/s. The results of calculations represented in form of a diagram shown in 

Fig.2. 
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Fig.2.The final temperatures t, oC of the air in solar heaters of various lengths l, m under different 

outside temperatures tout, 
oC. (=0,05m, ω=0,05m/s). 

 

As follows from the diagrams, the increase of the length l provides higher final 

temperatures of the air. However, it tends to its limit and stays practically unchanged in 

case of lengths: l=2m for single glazed, l=3m for double glazed, and l=8m for triple glazed 

glass covers. 

The diagrams of fig.2 show also, that required for ventilation air temperature t = 18
o
C is 

provided under outside temperature tout=-19
o
C even in the l =2m long single glazed solar 

heater. In double and triple glazed heaters having length l =2m the ventilation air under 

outside temperature tout=-19
o
C is heated respectively up to 24

o
C and 40

o
C, which is a good 
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advantage from energy efficiency point of view. However, the higher costs of double and 

treble glazed heaters should be taken into account. Thus, it is becoming clear the factor of 

optimization of the heaters in the solar ventilation projects should be taken into account.  

The diagram explains also that under higher outside temperatures tout the final 

temperatures t of the heated air grows. For example, under tout=8
o
C in the 2m long and 

single glazed heater the final temperature can reach up to 45
o
C, and in double and treble 

glazed heaters up to 52
o
C and 68

o
C. This means that during most part of heating season the 

efficiency of the heater will be much higher.  

The diagrams of fig.2 are plotted for heaters having fixed parameters =0.05m and 

ω=0.05m/s. To evaluate the influence of those parameters on the values of final 

temperatures computational experiments were executed considering that the values of  and 

ω are variable. The results of calculations made for single and double glazed heaters are 

represented in fig.3a and fig.3b. 
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a) b) 

Fig.3. Final temperatures of heated air in solar air heaters having different values of , m and ω m/s. 

a) single glazed heaters,  b) double glazed heaters 

From the diagrams is clear that the increase of  and ω conditions growing of air flow 

through the heater and, therefore, the final temperatures t of air decrease. Consequently, it 

is better choosing lower values for  and ω. In this case the width b, m of the heater will 

increase. Therefore, the design of the heater should be made for acceptable temperature and 

constructive parameters.   

For satisfying the stated conditions first, it is important to select the heater’s technically 

acceptable length l, which should not exceed 6-8m. Then, the width b, m of the heater has 

to be defined for given ventilation airflow using the following fraction:  

air

vG
b                                                            (8) 

In the last formula the value of the production ω is defined by the values of outside air 

tout and heated air t temperatures, as well as by selected length l, m of the heater. For this 

purpose the following formula has to be used: 

 
nI

ttK
c

lK

out
airair








1

1
ln

                                (9) 

By substituting the obtained value of ω in the equation (8) the required value of the 

width b, m of the heater is determined.  

If the width b, m of the heater exceeds the available technical facilities, then double or 

treble glazed heater should be selected and the same calculation has to be executed until all 

thermal and constructive conditions are satisfied.  
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The thermal productivity of the heater can be determined by the following formula:    

 outairv ttcGQ                                              (10) 

3. Example of design of a residential house with ventilation 
system and calculation of thermal and constructive parameters 
of the void type solar air heater  

For embodiment of solar ventilation, a very simple solar air heating system is suggested 

which is presented in fig.4 

 
Fig.4. Solar ventilation system’s principle scheme. 

1-outside air inlet tube, 2-sollar air heater’s glass cover, 3- solar air heater, 4- hot air plenum 

vertical duct, 5- hot air distributing horizontal duct,  6- ventilation air plenum grills, 7- inside used air 

exhaust  horizontal duct, 8-inside air exhaust grills, 9-inside used air evacuation pipeline 
 

The system operates in the following way: the outside fresh air is taken through intake 

unit with air filter (1) passes through the air heating solar collector (2), where is heated up 

to temperature tv.in,
o
C and by the air circulating fan is blown into the air distribution 

ductwork (4). The warm air enters into rooms through inlet openings (6), inside polluted air 

is exhausted from rooms by exhausting duct (9) through inside air outlet openings (8).  

 

Based on developed method a solar ventilation system equipped with void type solar 

heater was designed for 50 habitant’s family house. The required inside temperature in the 

house is tin=21
o
C. Technically possible length for installing the solar heater on the southern 

slope of the roof is l=5m. 

The house is located in Yerevan city having the following climatic parameters:  

1 - Outside design temperature - tout= -19
o
C,  

2- Required temperature of the ventilation air at the exit of solar heater - tin.v=21
o
C, 

3 -Solar radiation daily average intensity on the south facing orientation – I = 350W/m
2
,  

 

1. Quantity of ventilation outside fresh airflow Gv, kg/s.  

0486.0
3600

25,1720

3600

20



 airv nG  kg/s. 

2. By the formula (9) is calculated the value of ω and the appropriate glazing rate of  

the solar air heater is defined: 
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- for single glazed heater, having K=5W/(m
2o

C) and n=0.55 

 
55.0350

21)19(5
1

1
ln100025.1

55









 , cannot be identified as the value under the “log” sign 

is negative.  

This means that single glazed heater cannot provide heating of outside air up to required 

tin.v=21
o
C temperature. Therefore, double glazed air heater with K=2.9W/(m

2o
C), n =0.44 

and

 

0083.0

44.0350

21)19(9.2
1

1
ln100025.1

.25










  should be chosen. 

This means that double glazed heater can provide heating of outside air up to required 

temperature tin.v=21
o
C. For this reason, a double glazed heater is selected. 

3. By the formula (8) the width b, m of the heater is defined for given ventilation air 

flow 0486.0vG kg/s.; 7.4
0083.025.1

0486.0



b m,                                    

4. The height , m of the heater is determined by the following fraction keeping the 

value of the air velocity ω=0.5 m/s.: =0.0083/ω=0.0083/0.5=0.017m.  

Therefore, the constructive parameters of the solar heater are the followings: length - 

l=5m, width – b=4.7m, height - =0.017m. The same air flow can be provided assuming 

ω=0.25 m/s., then the height of the heater can be chosen =0.034m 

Average daily thermal capacity of the heater makes:  

  1945)19(2110000486.0 Q W. 

4. Conclusion 

The suggested construction of solar ventilation system and method for its calculation allow 

developing, designing and implementing high efficiency ventilation system in residential 

houses and saving large quantities of fuel.  
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