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Abstract 

Sealed gas filled flat plate solar collectors will have stresses in the material since volume and 

pressure varies in the gas when the temperature changes. Several geometries were analyzed and 

it could be seen that it is possible reducing the stresses and improve the safety factor of the 

weakest point in the construction by using larger area and/or reducing the distance between glass 

and absorber and/or change width and height relationship so the tubes are getting longer. Further 

it could be shown that the safety factor won't always get improved with reinforcements. It is so 

because when an already strong part of the collector gets reinforced it will expose weaker parts 

for higher stresses. The finite element method was used for finding out the stresses.   
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1. Introduction 

One way of getting more energy efficient solar collectors is changing the air inside the collector with a 

more suitable gas with respect to the unwanted heat losses. Though, a construction with an enclosed 

gas will cause new challenges. Since the temperature in a solar collector can vary in a range of about 

240 to 500 K there will be a volume and/or a pressure variation in the gas. These variations has to be 

considered, otherwise they can imperil the expected life length of the construction. This study has 

examined a collector box consisting of an ordinary glass and an ordinary absorber in all respects 

expect that it is formed as a tub fixed to the glass so a cavity is formed that can host a gas.   

2. Method 

2.1. Conditions, dimensions and material 

All calculations started out from common used design, dimensions and material of existing collectors. 

Sizes of 1 to 3 m
2
 were examined and different relations between length, width and height were 

investigated. The used directions of x, y and z can be seen in figure 1.  The collector model consisted 

of a sheet of glass and an absorber formed as a tub where the edge of the tub was fixed on the glass 

sheet. The connection between glass and absorber in the model was the simplest possible where the 

absorber mesh was connected to the glass mesh as a "T" in an imagined cross section. The cavity was 

the volume between glass and absorber. All folds in absorber had a radius of 5 mm. The glass was 

sticking out 40 mm outside the absorber tub. 12 mm tubes with 0.85 mm material thickness were 

supposed to be placed on the backside of the absorber with a centre distance of 120 mm. 
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Fig. 1. A quarter of a solar collector seen from the back.  

Material properties comes from soda glass, copper and aluminium. A complete list of used conditions 

can be seen in table 1. 

Table . Physical properties and geometries used in the mathematical model. 

Properties of materials in solar collector Glass Copper Aluminium 

Young’s modulus (GPa) 69 118 70 

Poisson’s ratio, (-) 0.23 0.3 0.3 

Thickness absorber tp (mm)  0.25 0.5 

Geometry properties    

Tube spacing , dtt (mm)  120   

Tube outer diameter, Øt (mm)  12   

Tube thickness tt (mm)  0.85   

Radius of curvatures of absorber tub (mm) 5   

Simulating conditions    

Ambient Pressure (kPa) 100   

Minimum mean temperature inside collector (K) 240   

Mean temperature inside stressless collector (K) 300    

Maximum mean temperature inside collector (K) 500   

2.2. Calculations 

The Solar collector box had known dimensions, and it was possible calculate the volume enclosed by a 

list of faces (Venclosed) at different pressures. We supposed that when T=300K, the pressure inside 
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and outside of the box is 100kPa and all stresses in the material is 0. Then we wanted to find a P when 

T=500K. We used the ideal gas law for finding the pressure and volume at the new temperature.  

Estimations of fatigue were made for having an understanding of if the stresses will imperil the 

function of the expected lifetime of the construction. A Haigh diagram, which can be seen in figure 2, 

is a help when doing valuations of fatigue.  

Haigh diagram
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Fig. 2. Haigh digram 

The stresses are divided in to a static and a dynamic part. The static stress is put on the x-axis and 

dynamic stress on the y-axis. We use Goodman`s rule as the limit between the safe and the unsafe 

area[1]. Goodman´s rule can be seen in (1).  
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The Goodman´s rule will give an line between (σUTS ,0) and (0,σe) in the Haigh diagram. Plastic 

deformation is also unwanted; therefore a line representing that is added as an additional limit. The 

smallest value from Goodman’s rule and the plastic deformation line is then used as the safe area. [2]. 

The formula of the plastic deformation line can be seen in (2).  

2.0,2.0,,2.0, pallowpmallowpa           (2) 

The plastic deformation limit will be a line between (σp0.2, 0) and (0, σp0.2). This means that the limit is 

σp0.2 no matter the proportions between dynamic and static stress which gives us the allowable stress 

expressed as in (3). 

2.02.0,500,500 ppTallowT            (3) 

With table values of Copper and Aluminium, the maximum allowable stresses will become as in table 

2 [2]. 
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Table 2. Material data and allowable stress for Copper and Aluminium. 

Material σUTS [MPA] σe [MPA] σp0.2 =σT500,p0.2 [MPA] σT500,allow [MPA] 

Al 95 50 35 35 

Cu 220 70 50 50 

 

Allowable levels of stress in glass are counted with time dependency and distribution of brittleness and 

by these two reasons the stress in a glass when used as a construction material never shall exceed 8-9 

MPa [3]. 

A safety factor defined as (4) will be used 
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           (4) 

Since a construction never will be stronger than its weakest point we also defined a weakest safety 

factor as in (5). 

)Sf ,Sf ,min(Sf  Sf tpgweakest           (5) 

2.3 Modelling 

As a modeling tool we used a finite element analysis program called “MSC Marc Mentat” version 

2005r2 (32bit). A solar collector has double symmetry axis, therefore only one quarter of the collector 

were modeled. The model was set up with thick shell Quad 4 elements, called element type 75 in the 

program. Thick shell elements using Mindlin’s shell theory is common used in applications like these 

[4]. The elements in the mesh were up to 20*20 mm.  

3. Results 

3.1 Sensitivity analysis  

A sensitivity analysis where done in order to see which factors had most affection of the stresses in the 

material. The sensitivity is a dimensionless number describing the response of the disturbance, e.g. if 

you make a disturbance of 1 % and the response is -1.9 the stress in that particular case will be reduced 

by 1.9 %. Material in absorber was copper. The result is compiled in to table 3. 

The x and y both have trends that seem complex and needs more analysis for understanding. 

z is more or less proportional i.e. all trends ≈ 1. 

Selection of material and thickness in absorber affect the price / thermal performance relation. That 

relation will not be questioned in this article, instead geometry properties of tubes and absorber will be 

kept constant on common used values described in table 1.[5]  

tg have trends that seem complex and needs more analysis for understanding.  

Eg will not be further investigated since there are no real good alternatives to soda glass with better 

price / thermal performance relation. 
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Table 3. Sensitivity of different disturbances 

  Trends 

Disturbed factor  Unaffected  values Pgas σglassmax σabsmax σtubemax 

x 1440 mm -0.46 0.26 0.05 -0.45 

y 1400 mm -1.90 -0.36 -0.31 0.24 

z 10 mm 1.03 0.91 0.89 1.03 

Dtt 120 mm -0.68 -0.86 -0.96 0.54 

Øt 12 mm  0.36 0.41 0.36 -1.81 

tg 4 mm 0.56 -0.75 -0.55 0.55 

tp 0.25 mm 2.10 1.23 1.18 2.08 

tt 0.85 mm 0.09 0.14 0.11 -0.82 

Eg 69 GPa 0.16 -0.18 -0.15 0.16 

Ep 118 GPa 0.72 1.02 1.06 0.71 

Et 118 GPa 0.09 0.14 0.11 0.10 

 

3.2 Over all performance 

For making it easier to see any general trends about what are a good and a less good construction, a 

compilation of the safety factors and the varied parameters were made, which can be seen in table 4. 

In the upper part of the table each row shows the safety factors of one solar collector. The x-marks 

describe the configuration. In the lower part of the table, the mean values for each column is presented. 

For the columns describing configuration, the mean values are the averages of the SFweakest of the x-

marked rows. The last row shows the quotients between each column’s mean value in relation to the 

mean value of SFweakest.  

Two parameters show significant importance to the safety factor. The important factors are area and 

angle. for setting figures of the impact of the parameter a trend analysis was done. The formula of the 

mean safety factors dependence of the area is expressed in (6) 
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2-area
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2-area
0.45 1.0SF  SF(area)      (6) 

and mean safety factor dependency of for the angle is expressedin (7). 
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meanweakest,
45

45- angle
0.24- 

45

45-angle
0.49 0.96SF  SF(angle)     (7) 

N.B. the matrix of input data for the areas and angles were centered in order to keep a low condition 

number. They were also divided with maximum deviation in order to make them easier comparable.  
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There are no corresponding formulas describing the safety factor dependency of thickness of glass 

since there are no really general agreements.  

Table 4. Safety factors and varied parameters. 

Safety factor Area [m
2
] Angle [°] tg [mm] Material 

Weakest Glass Plate Tube 1 2 3 15 45 75 3 4 Cu Al 

2.1 2.1 5.6 4.1  x    x x   x 

2.1 2.1 5.3 3.2  x    x  x  x 

2.3 2.3 5.7 2.8 x    x  x   x 

2.3 2.4 5.6 2.3 x    x   x  x 

2.5 2.5 6.1 6.9 x    x  x  x  

2.6 2.6 6.3 11.8  x    x x  x  

2.7 2.7 6.6 7.5  x   x  x  x  

3.2 3.5 8.0 3.2  x   x   x  x 

3.2 3.2 7.2 6.3  x   x   x x  

3.3 3.3 7.1 6.3 x    x   x x  

3.4 3.4 7.9 8.2   x  x  x  x  

3.4 3.4 7.7 10.5  x    x  x x  

3.7 3.7 8.8 4.1  x   x  x   x 

3.7 3.7 8.1 6.6   x  x   x x  

4.2 5.3 12 4.2   x  x   x  x 

4.7 8.9 11.9 4.7  x  x    x x  

4.7 12.2 22 4.7  x  x    x  x 

4.9 6.9 10.7 4.9  x  x   x  x  

4.9 10.1 18.6 4.9  x  x   x   x 

5.4 5.8 13 5.4   x  x  x   x 

Mean values           

3.5 4.5 9.2 5.6 2.6 3.5 4.2 4.8 3.3 2.6 3.5 3.5 3.4 3.5 

Relative to SFweakest,mean 75% 101% 120% 139% 96% 74% 100% 100% 99% 101% 
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4. Discussion 

The purpose of this work was using commonly used dimensions and materials when building 

collectors. However, there are variations in almost all dimensions between different commercial 

collectors, and when trying to keep down the analysis data some of the factors where set constant.  

The shape and design of the connection between glass and absorber has influences on the stresses in 

the materials, especially in the connections. In the absorber there is no maximum of stresses in the 

connection points. This makes the maximum stresses trustworthy also in other designs, at least when 

the stresses can be distributed in a less concentrating way at the connection point. In the glass the case 

is the opposite since the maximum of stresses is in the connection to the absorber. This makes 

probably the maximum of stress in the glass in this article dependant on the choice of connection. And 

our speculation is that the maximum stress in the glass always will be a question of how the connection 

is designed, i.e. the maximum of stresses in the absorber is more or less universal while it is not that 

for the glass.  

5. Conclusion 

There are numerous parameters influencing the strength of a gas filled solar collector. The most 

obvious parameters are the distance between glass and absorber, the area of the absorber and the angle 

build by arctan(width/height). The safety factor increases with low angles (long tubes), big areas and 

small distances. 

It is not clear to the same extent about selection of material, thicknesses etc. If you take a look again at 

table 4 and make a comparison between the 3 and 4 mm glass respectively on the 2 m
2
, 45°, absorber 

plate in aluminium, you can see that the one with a thicker glass has a smaller safety factor. By 

choosing a thicker glass the safety factor of glass raise, but at the same time the safety factor for the 

tubes goes down and will be the weakest safety factor. Therefore, a strengthening of one part can 

punish itself if it is too big. 

There are no special restrictions of either using Copper or Aluminum in the collector. Here we only 

examined 0.5 mm Aluminum and 0.25 mm Copper, due to thermal demands.  

The stresses in the glass are affected by the connection to the absorber. When using other connections 

the calculations have to be redone.  
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Nomenclature 

A Area of absorber (m
2
) T Temperature (K) 

Angle arctan(x/y) (°) x Cavity width (perpendicular to tubes) 

(m) 

d distance (m) y Cavity length (along tubes) (m) 

E Elasticity modulus (Pa) z Height of cavity  (m) 

P Pressure (Pa) Ø Diameter (outer) (m) 

t thickness (m) σ Stress (Pa) 

Subscripts 

a Amplitude, Ambient p0.2 The limit where a rest of 0.2 % 

deformation will persist  

allow Allowable p Absorber plate 

e Endurance t Tube in absorber 

g Cover glass T500 When T=500K 

max Maximum UTS Ultimate strength 

mean Mean value weakest The weakest part of the construction 

min Minimum   
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