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Abstract: - In this article, a single-circuit solar water heater with a thermosiphon was built, tested and 

numerically modeled in Kazakhstan, Almaty. To heat cold water in the south-eastern region of Kazakhstan, a 

flat solar collector was developed and studied, as well as a mathematical model of a single-circuit solar 

installation with a thermosiphon. In this mathematical model, the Bernoulli equation was used to solve the 

water flow in the dispenser tank and in the collector itself. Numerical modeling in MatLab was developed using 

a mathematical model. The dependences of the temperature inside the solar collector, which is usually 

distributed inside the collector in accordance with the law of thermodynamics, were obtained, and the 

maximum relative humidity, which was 75%, was also solved. In the course of the study, the annual change in 

the efficiency of the system was decided. 

 

Keywords: Flat solar collector, thermosiphon, numerical simulation 

 

Received: August 11, 2021. Revised: May 23, 2022. Accepted: June 11, 2022. Published: June 24, 2022.    

 

 

1 Introduction 
When using traditional energy, which requires 

production, leads to pollution and harms the 

environment. In [1,2], a water heating system with 

a thermosiphon effect was developed.  In [3], a 

system was developed to compare conventional and 

spiral models to improve thermal performance 

using a spiral standing pipe, which increases 

productivity. In the article [4], a process with a 

ribbed tube was developed and investigated, which 

showed an increase. In [5], a water heater made of 

an absorption pipe was developed. It has been 

recorded that the absorption pipes absorb another 

pipe in which the pipe has increased. In [6], a 

system was developed that was experimentally 

analyzed. In [7], flat plate solar collectors with heat 

pipes without a wick were developed, having 

different pipe cross-sectional geometry and filling 

factor. In [8], heat absorption by the solar collector 

was improved. In [9], the characteristics of an 

energy harvesting device modeling CFD are 

studied. In the article [10], an effect using 

improved transmission of solar energy is developed 

and investigated. In the article [11], and an 

efficiency comparison was carried out. In [12], the 

thermal efficiency of collectors was evaluated. In 

the article [13], experimental work was carried out 

to increase the heat transfer of the device. In [14], 

the thermal characteristics of the solar heat supply 

system, as well as fossil fuels, were experimentally 

tested [15]. While compared to a solar heating 

system with forced circulation [16]. 

 

 
Fig. 1: Single-circuit solar water heater with 

thermosiphon 

 

Figure 1 shows a single-circuit solar water heater 

with a thermosiphon on the campus of Yunnan 

University. Each consists of 18 tubes (inner tube/lid 

diameter 47/58 mm, length 1.8 m) (Fig. 2). 
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Collector slope: inclined 22° 46°. The following 

were developed: the first was intended to study the 

operation at night of a single-circuit solar water 

heater with a thermosiphon and reverse, and the 

second was a loss analysis for reverse control of 

ambient air temperature, a PT100 sensor located 

nearby was used [17]. 

 

 
Fig. 2: Single-circuit solar water heaters 

 

Theoretical flow forecasts in thermosiphon 

forecasts are proposed studies of forecasts [18]. In 

[19], experimental comparisons were made 

between two sets of single-circuit thermosiphons in 

a tank, but for another system, the storage tank was 

located horizontally with a vertical distance of 0.35 

m between the connections of the collector circuit 

in the tank. 

 

 
Fig. 3: Single-circuit solar water heaters 

 

Figure 3 shows a single-circuit solar water heater. 

In Fig. 4, the work is chosen as a horizontal solar 

collector with a vacuum tube "water in a glass", 

since it is used largely depending on the speed of 

the natural circulation flow [20]. 

 

 
Fig. 4: Single-circuit solar heating systems with 

thermosiphon 

 

In the article [21], bioenergy is being developed, 

which makes it possible to reduce hydraulic 

exploration. This article [22] discusses the 

resources for biogas production in the Republic of 

Kazakhstan. As a result, it was found that when 

using the technology of anaerobic digestion of 

manure, the output of biogas from solid household 

waste and sewage sludge was calculated. 

 

 

2 Research Method 
A single-circuit solar water heater with a 

thermosiphon was designed and installed in 

Almaty, Kazakhstan (Fig. 1 and 2). 

 

Fig. 5: Collector diagram 
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Fig. 6: Сollector 

 

 
Fig. 7: Single-circuit solar water heater with 

thermosiphon 

 

 

3 Mathematical Model of the System 
 

3.1 Thermosiphon Solar Water 

Heater 
A single-circuit solar water heater with a 

thermosiphon multilayer stationary reverse flow 

circuit, which is separated by several 

perpendiculars, is solved using the Bernoulli 

equation applied to the power circuit 

 

           ∆𝑃𝑖=𝜌𝑖 ∗ 𝑔 ∗ ∆ℎ𝑖 + 𝜌𝑖 ∗ 𝑔 ∗ ℎ𝐿𝑖     (1)  

  
This model includes a velocity that satisfies the 

calculated friction pressure of the fluid in the 

collector, and a separate insignificant throughput     
                       

         𝑇𝑝𝑜 = 𝑇𝑎 + (𝑇𝑝𝑖 − 𝑇𝑎)exp [−
(𝑈𝐴)𝑝

𝑚𝐶𝑝
] (2)                                   

The friction pressure loss in the pipe is defined as 

         𝐻𝑝 =
𝑓∗𝐿∗𝑣2

2𝑑
+

𝐾𝑣2

2
                              (3)                                   

  𝑇𝑐𝑘 = 𝑇𝑎 +
𝐼𝑇𝐹𝑅(𝜏𝛼)

𝐹𝑅𝑈𝐿
+ (−𝑇𝑎 −

𝐼𝑇𝐹𝑅(𝜏𝛼)

𝐹𝑅𝑈𝐿
)*exp[

𝐹′𝑈𝐿

𝐺∗𝐶𝑝
∗

(𝑘−
1

2
)

𝑁𝑥
]                                 

(4) 

 
The amount of heat in the system is: 

𝑄𝑢 = 𝑟𝑐𝐴(𝐹𝑅(𝜏𝛼)𝐼𝑇 − 𝐹𝑅𝑈𝐿(𝑇𝐶𝐼 − 𝑇𝑎)    (5)                           

were 

          𝑟𝑐 =
𝐹𝑅,𝑢𝑠𝑒

𝐹𝑅,𝑡𝑒𝑠𝑡
=

𝐺(1−exp (
𝑈𝐿�̇�

𝐺𝐶𝑝
)

𝐺𝑡𝑒𝑠𝑡(1−exp (
𝑈𝐿𝐹

𝐺𝑡𝑒𝑠𝑡𝐶𝑝
)
      (6)                                                    

 
3.2 The Battery Tank 
The average temperature supplied for loading is:        

                       𝑇𝑑 =
𝑉ℎ𝑇ℎ+(𝑉𝐿−𝑉ℎ)𝑇1

𝑉 𝐿
         (7)   

 
Сalculated conductivity of the storage tank                                               

𝜌𝐶𝑝𝑉𝑖
𝑑𝑇𝑖

𝑑𝑡
= −(𝑈𝐴)𝑖(𝑇𝑖 −

𝑇𝑒𝑛𝑣)+(𝑘𝑆𝐴)𝑖−1
(𝑇𝑖−1−𝑇𝑖)

∆ℎ𝑖−1
−(𝑘𝑠𝐴)𝑖

(𝑇𝑖−𝑇𝑖+1)

∆ℎ𝑖+1
                  

(8) 

𝑄𝑖𝑛 = 𝑚ℎ𝐶𝑝(𝑇ℎ − 𝑇𝑅)                              (9) 

          

The amount of the substance is                                

          𝑄𝑠𝑢𝑝 = 𝑚𝐿𝐶𝑝(𝑇𝐷 − 𝑇𝐿)     (10)                                               

 

 

4 Results and Discussion  
Using a mathematical model and the MatLab 

program, a numerical analysis was obtained for a 

single-circuit solar water heater with a 

thermosiphon. 

 
Fig. 8:. Temperature distribution at heating 

temperature 

Figure 8 shows the distribution of the solar 

collector at a constant heating temperature. As can 

be seen from the figure, this is due to the fact that 
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the temperature is well distributed inside the 

collector. 

Thus, in Figure 9, the accounting of the quantity 

provided by the collector remains unchanged. 

 
Fig. 9: Relative humidity distribution system with 

constant heating temperature 

 

 
Fig. 10: Distribution of the upper level temperature  

 

Figure 10 shows the upper level of the distribution.   

As you can see from the picture, the distribution is 

also present in the system, which allows you to 

improve performance. 

Figure 11 shows the annual change in efficiency, 

which varies, does not have a definite value, does 

not lead to a significant improvement in 

performance and does not have much significance 

for system performance. 

 

 
Fig. 11: Annual change in system efficiency 

 

5 Conclusion 
A single-circuit solar heat supply system has been 

developed, installed and tested in Kazakhstan, 

which is used as a heat source. The system can 

work continuously. As a result of testing the 

system, it was found that the use of a thermosiphon 

circulation system increases the efficiency and 

economy of the system and ensures good 

condensation. 

 

 
Reference: 

[1] Jones GG, Bouamane L. Power from sunshine: 

a business history of solar energy. Harvard 

Business School Operating Paper 

Series; 2012 

[2] Duffie JA, Beckman WA. Solar engineering of 

thermal processes. Wiley; 1991. 

[3] Freegah B, Asim T, Albarzenji D, Pradhan 

S, Mishra R. Effect of the shape of 

connecting pipes on the performance output 

of a closed-loop hot water solar Thermo-

syphon. In 3rd International Workshop and 

Congress on eMaintenance; 2014. 

[4] Manjunath MS, Karanth KV, Sharma 

NY. Three dimensional numerical analysis of 

conjugate heat transfer for enhancement of 

thermal performance using finned tubes in an 

economical unglazed solar flat plate 

collector. In Proceedings of World Congress 

on Engineering (Vol. 3, pp. 2245-

 2249); 2011. 

[5] Shrirao PN, Pente SS, Mahure 

AN. Comparative thermal analysis of a flat 

plate solar collector using aerofoil absorber 

tube with conventional circular absorber 

tubes. Int J Basic Appl Res. 7(12): 98- 107. 

[6] Balachandar M, Narendran A. Experimental 

investigation of solar flat plate collector with 

inner grooved copper tube. Int J Eng 

Res. 2016; 5(9): 695- 700. 

[7] Hussein HMS, El-Ghetany HH, Nada 

SA. Performance of wickless heat pipe flat 

plate solar collectors having different pipes 

cross sections geometries and filling 

ratios. Energy Convers Manag. 2006; 47(11–

12): 1539- 1549. 

[8] Bute JV, Kongre SC. Experimental 

investigation of a solar flat plate collector. Int 

Eng J Res Dev. 2015; 2(5): 36- 46. 

[9] Yao K, Li T, Tao H, Wei J, Feng 

K. Performance evaluation of all-glass 

evacuated tube solar water heater with twist 

tape inserts using CFD. Energy 

Procedia. 2015; 70: 332- 339. 

[10] Herrero Martin R, Pinar AG, Garcia 

JP. Experimental heat transfer research in 

enhanced flat-plate solar collectors. World 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2022.18.84

Murat Kunelbayev, Taganova Guldana, 
 Abdildayeva Assel, Zhadyra Zhumasheva, 

 Tletay Sholpan, Kurmanali Meiramgul, 
Duissembayeva Laura, Kurbanaliyeva Aiman

E-ISSN: 2224-3496 897 Volume 18, 2022



Renewable Energy Congress. Vol 57. 

Linköping University Electronic 

Press; 2011: 3844- 3851. 

[11] Khargotra R, Dhingra S, Chauhan R, Singh 

T. Performance investigation and comparison 

of different turbulator shapes in solar water 

heating collector system. AIP Conf 

Proc. 2018; 1953:130029. 

[12] Sharma C, Karwa R. Experimental study on an 

enhanced performance solar water 

heater. IJCA J. 2014; 1: 20- 25. 

[13] Ameen BK, Al-hadithi MB. Heat transfer 

enhancement of flat plate solar collectors for 

water heating in Iraq climatic conditions. Al-

Nahrain Univ Coll Eng J. 2015; 18(2): 259-

 272. 

[14] Hobbi A, Siddiqui K. Experimental study on 

the effect of heat transfer enhancement 

devices in flat-plate solar collectors. Int J 

Heat Mass Transfer. 2009; 52(19–20): 4650-

 4658. 

[15] Kalogirou, S. Thermal performance, economic 

and environmental life cycle analysis of 

thermosiphon solar water heaters // Sol. 

Energy. – 2009. – № 83. – P. 39–48 

[16] Norton, B., Probert, S. D. Natural-circulation 

solar-energy stimulated systems for heating 

water // Appl. Energy. –1982. – № 11. – 

P. 167–196. 

[17] Tang, R., Yang, Y. Nocturnal reverse flow in 

water-in-glass evacuated tube solar water 

heaters // Energy Convers. Manag. – 2014. – 

№ 80. – P. 173–177. 

 [18] Morrison, G. L., Ranatunga, D. B. 

J. Thermosyphon circulation in solar 

collectors // Sol. Energy. – 1980. – № 24. – 

P. 191–198.  

[19] Tang, R., Cheng, Y., Wu, M., Li, Z., Yu, Y. 

Experimental and modeling studies on 

thermosiphon domestic solar water heaters 

with flat-plate collectors at clear nights // 

Energy Convers. Manag. – 2010. – № 51. – 

P. 2548–2556. 

[20] Morrison, G. L. Reverse circulation in 

thermosyphon solar water heaters // Sol. 

Energy. – 1986. – № 36. – P. 377–379. 

[21] Keshuov S, Omarov R, Tokmoldayev A, Omar 

D, Kunelbayev M, Amirseit S. Hybrid 

system for using renewable sources of energy 

for local consumers in agriculture. Journal of 

Engineering and Applied Sciences, 2017, 

12(5), pp..1296–1306  

[22] Kunelbayev M, Kadyrov M, Ponomarev A, 

Bulatov N, Mukhamadeyeva R. Resources of 

obtaining biogas in the republic of 

Kazakhstan. Ecology, Environment and 

Conservation, 2017, 23(4), pp. 2090–2095 

 

 
Contribution of Individual Authors to the 

Creation of a Scientific Article (Ghostwriting 

Policy) 

-Taganova Guldana, Murat Kunelbayev carried 

out the simulation and the optimization. 

-Abdildayeva Assel, Zhadyra Zhumasheva has 

implemented the Algorithm in MatLab. 

-Tletay Sholpan, Kurmanali Meiramgul has 

organized and executed the experiments of Section 

4. 

-Duissembayeva Laura, and Kurbanaliyeva 

Aimanwas responsible for the Statistics. 

 

 

Creative Commons Attribution License 4.0 

(Attribution 4.0 International, CC BY 4.0) 

This article is published under the terms of the 

Creative Commons Attribution License 4.0 

https://creativecommons.org/licenses/by/4.0/deed.e

n_US 

 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT 
DOI: 10.37394/232015.2022.18.84

Murat Kunelbayev, Taganova Guldana, 
 Abdildayeva Assel, Zhadyra Zhumasheva, 

 Tletay Sholpan, Kurmanali Meiramgul, 
Duissembayeva Laura, Kurbanaliyeva Aiman

E-ISSN: 2224-3496 898 Volume 18, 2022

https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US



