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Experiment 7 : Studying the properties of heat pump 
working with a solar collector 

I. Background theory. 

1. Heat transfer processes: 

a) heat conduction; 

b) radiation; 

c) diffusion. 

2. Solar electromagnetic radiation. 

3. Greenhouse effect. 

4. Solar collector: 

a) types of collectors; 

b) design and operation of solar collectors; 

c) collector efficiency. 

5. Fundamentals of thermodynamics: 
a) thermodynamic processes for gases; 

b) thermodynamic principles; 

c) thermodynamic system; 

d) reversible and irreversible processes; 

e) Joule – Thomson effect. 

6. Heat pumps: 

a) distribution of heat pumps; 

b) design and operation of a heat pump; 

c) efficiency and power of a heat pump. 

7. Solar thermal installations. 
8. Experimental set-up and overview. 

II. Experimental tasks. 

1. Refer to the measuring system in Picture 1 and the procedures given in the Appendix. 
2. Determine the water efficiency of the solar collector.  
3. Determine the heat pump efficiency. 
4. Determine the overall pump – collector efficiency. 

 

 

Steps II.2. – IL.4. should be performed according to the detailed instructions 
given in the Appendix. 
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III. Apparatus. 

1. Solar collector. 
2. Heat pump. 
3. Evaporator. 
4. Condenser. 
5. Heat exchanger. 
6. Exchanger reservoir. 
7. Halogen lamp with a power of 1 kW. 
8. Digital thermometer.  
9. Electrical energy, power and time meter. 
10. Thermocouple probes. 
11. Water pump with power supply. 
12. Hair dryer.  
13. Heater.  
14. Tape measure. 
15. Stopwatch.  

IV. Literature. 

1. PHYWE Systeme GmbH & Co.KG – “Solar Ray Collector”, Laboratory Experiments, Physics 
3.6.01- 00, 2008. 

2. L. Andrèn – “Solar Installations. Practical Applications for the Built Environment”, James & 
James Science Publishers, London 2003. 

3. R. Eisberg, R. Resnick – “Quantum Physics of Atom, Molecules, Solids, Nuclei and Particles”, 
John Wiley & Sons Ltd, New York 1985. 

4. D. Halliday, R. Resnick, J. Walker – “Fundamentals of Physics”, John Wiley & Sons Ltd, New York 
2001. 

5. M. Fox – “Optical Properties of Solid”, Oxford University Press, Oxford 2001. 

Picture 1. Heat pump – solar collector experimental set-up: 1 – halogen lamp; 2 – hair-dryer; 3 – 
thermocouple probe; 4 – solar collector; 5 – water pump with flow-metre; 6 – water pump power 
supply; 7 – digital thermometer; 8 – electrical energy, power and time metre; 9 – heat pump; 10 – 

heat exchanger and evaporator reservoir; 11 – reservoir with condenser. 
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Appendix 
The experiment 

 

I. Taking temperature measurements for inlet temperature TIN ≈ 20 0C with the lamp on. 

1. Fill the heat exchanger reservoir with water (10 in Picture 1) such that the heat exchanger coils 
are completely submerged. Carefully stir the bath.  

2. Place the heater in a beaker. While stirring, heat the water to a temperature of about 20 0C, 
then turn off the heater. During subsequent steps of the experiment, stir the water in the 
reservoir regularly to maintain a constant water temperature at the inlet. 

3. Set the halogen lamp at a distance of 70 cm from the collector such that the collector is 
perpendicular to the direction of the incident light.  
Turn on the lamp. 

 
4. Turn the water pump power (Picture 2) and set the voltage knob to 4 V, and the current limiter 

knob to 1 A. 
5. Use the water pump valve to set the flow rate to 100 cm3/min. When taking measurements, 

continuously monitor the rate of water flow in the collector circuit. 
 

 

The lamp housing becomes extremely hot! Do not touch it or obstruct its 
ventilation gratings.  
Turn the lamp off immediately after completing measurements. 

Picture 2. Circulation pump: 1 -  flow rate control valve;  
2 - flow indicator. 
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6. With a digital temperature meter (Picture 3), note the temperatures at the inlet TIN and outlet 
TOUT of the collector, and the temperature in the heat exchanger reservoir TR every minute for 
30 minutes. Stir the water in the reservoir after each measurement.  

 

7. Turn off the lamp after taking the final reading. 
8. Repeat the measurements from I. 6. in the Appendix for the collector without glass and rear 

plates. 
9. Twist the pump’s power supply voltage knob to the minimum and then turn off the water 

pump. 
10. Empty the water tank with the drainage tap. 
11. Based on the results obtained, plot graphs of temperatures TIN, TOUT and TR as a function of 

time on the same set of axes. 
12. Calculate the differences in temperature at the inlet and outlet manifold. 
13. Calculate the efficiency of the collector using the formula: 

η =  cwṁ(TOUT−TIN)
qA

  ,    (1) 

where:  TOUT – collector outlet temperature; 

TIN – collector inlet temperature; 

Picture 3. Digital thermometer: 1 - displays indicating the temperature of the selected 
input channel; 2 - input channels, glowing red light – measured temperature is 
displayed on the upper display, green lights – on the lower display; 3 -  channel 

control buttons, from the left: change the input channel, change temperature scale, 
change mode, zero setting; 4 – temperature scale indicator. 
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cw – specific heat of water, cw = 4186 J/kg·K; 

ṁ– water flow velocity, ṁR1 = 100 g/min, ṁR2 = 200 g/min; 

A – collector surface area, A = 0,12 m2; 

q – incident light intensity at a distance of 70 cm from the collector, q = 1 kW/m2 . 

Calculate the errors in the collector efficiency.  

II. Determining heat pump efficiency. 

1. Fill the reservoirs (1 and 8 in Picture 4) with cold water (about 10 0C) to the marked level, 
completely submerging the heat exchanger coils. Ensure that the condenser tank water is not 
colder than the water in the evaporator tank. 
Stir the water in the reservoirs. 
 
 

 

2. Take measurements: 
• condenser pressure p1 (manometer (6)) and evaporator pressure p2 (manometer (3)); 
• evaporator tank water temperature T1 and condenser tank water temperature T2; 
• coolant temperature at the evaporator inlet 𝑇𝑃𝐼𝑁 and outlet 𝑇𝑃𝑂𝑈𝑇, coolant temperature at 

the condenser inlet 𝑇𝑆𝐼𝑁and outlet 𝑇𝑆𝑂𝑈𝑇. 

Picture 4. Heat pump: 1 – evaporator reservoir; 2 – expansion valve; 3 – manometer to measure the 
medium’s pressure after leaving the evaporator; 4 – window for observing the working medium’s 

state after leaving the evaporator; 5 – working medium compressor; 6 –  manometer to measure the 
medium’s pressure after leaving the condenser; 7  – window for observing the working medium’s state 

after leaving the condenser; 8 – reservoir with condenser. 
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3. Turn on the pump power supply. 
4. Take measurements of p1, p2, T1, T2, 𝑇𝑃𝐼𝑁 , 𝑇𝑃𝑂𝑈𝑇 ,𝑇𝑆𝐼𝑁 ,𝑇𝑆𝑂𝑈𝑇 every 2 minutes for 30 minutes 

and observe the power meter. 
 

 

 

5. Turn on the heat pump. 
6. Take a reading of electrical energy (Picture 5) and reset the meter.  

 

 

 
7. Empty the water tanks using the drainage taps. 
8. Plot a graph of temperatures as a function of time on the same set of axes. 

9. Determine the value of changes in water temperature per unit time ∆T
∆t

 for the functions T1(t) 

and T2(t) using the polynomial approximation method based on experimental results. 
Tabulate your results.                                                  
Determine the magnitude of identified errors. 
Interpret the results. 
 

10. Calculate the efficiency of the pump by using the formula: 

Stir the water in both reservoirs after each measurement. 
 

Picture 5. Electrical energy, power and time meter: 1 – power display; 2 – voltmeter function selector; 
3 – “RESET” button; 4 –“STOP” button; 5 – button to select energy units; 6 – displays electricity 

consumed by the pump. 
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ε = Q̇
P

= cwmw
P

∆T1
∆t

      (2) 

where: Q̇ – heat flow through the condenser, Q̇ = cwmw
∆T1
∆t

; 

P – compressor power, P = 120 W; 

cw – specific heat capacity of water, cw = 4182 J/kg·K; 

mw – mass of water, V = 3,9 dm3; 

∆T
∆t

 – temperature change per unit time. 

11. Read off pressures p1 and p2 from the measurement results for time t = 10 min. 
12. From Table 1., read off the specific enthalpy h1 and the specific volume ν  corresponding to 

pressures p2 of the vapour coolant and the specific enthalpy h3 corresponding to pressures  p1 
of the liquid coolant. 
Add atmospheric pressure of 1 bar (1 bar = 105 Pa) to the manometer readings. 

13. Calculate the volumetric efficiency of the compressor using the formula: 

𝜆 = 𝑉̇
𝑉𝑔̇
�     ,  (3) 

where: 𝑉̇ – flow rate of the working medium by the compressor,  

𝑉̇ = 𝜈 𝑄̇
ℎ1−ℎ3

; 

  𝑄̇ – flow rate of heat absorbed by the evaporator; 
ν  – specific volume of working medium vapour; 
h1 – vapour coolant enthalpy; 
h3 – liquid coolant enthalpy; 
𝑉𝑔̇ – geometric flow, 𝑉𝑔̇ =  𝑉𝑔𝑓; 
𝑉𝑔 – compressor displacement, 𝑉𝑔 =  5,08 cm3; 
f  –  compressor piston revolutions per minute, f = 1450 min−1. 
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Table 1. Pump coolant parameters:  Θ – temperature, p – absolute pressure, ν – 
vapour specific volume, h’ – liquid specific enthalpy, h” – vapour specific enthalpy.  
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III. Studying the collector – pump unit. 

1. Turn on the water pump power supply and set the voltage to 4 V.   

2. Prepare the heat pump according to II.1 in the Appendix. 
3. Open the pump circulation valve.  
4. Observing the meter, wait until the inlet and outlet temperatures,  TIN and TOUT respectively, 

are constant and equal. 
5. Set the flow rate to 100 cm3/min using the circulation valve. Monitor the flow rate 

continuously during measurements. 
6. Turn on power to the pump. 

7. Record temperatures TIN at the collector inlet, TOUT at the collector outlet, condenser water 
temperature T1 and evaporator water temperature T2 each minute until the temperature T1 
reaches 0 0C. 

 

 

 

8. Turn off the heat pump. 

9. Drain the water using the drainage taps. 

10. Plot a graph of TIN and TOUT as a function of time on the same set of axes. 

11. Calculate the collector efficiency for each temperature reading using the formula: 

η =
PU
APi

=
ṁcw
APi

(TOUT − TIN) 

where:  PU – net power, used by the collector; 

Pi – radiation power density incident on the collector; 

A – collector surface area, A = 0,12 m2; 

ṁ  – water mass flow rate, ṁ=100 g/min; 

cw – specific heat capacity of water, cw = 4182 J/kg·K; 

TIN – collector inlet water temperature; 

TOUT – collector outlet water temperature. 

         Include the results of the calculations in the table. 

During measurements, stir the water in both reservoirs approximately every 2 
minutes. 
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                      Determine the magnitude of identified errors. 

                      Interpret your results.                                                                            

12. Determine the pump efficiency ε according to II.8. – II.10.  in the Appendix. 

13. Ensure that the halogen lamp is located 70 cm from the collector and that the collector is 
perpendicular to the incident light. 

14. Repeat steps II.2. – II.12. in the Appendix. 

Simultaneously turn on the stopwatch, lamp and pump. 

 

15. Turn off the lamp after taking your final measurements. 
Twist the pump’s power supply voltage knob to the minimum and then turn off the 
water pump. 

16. Analyse the results, indicating all factors which may affect the efficiencies of each device. 

 

The lamp housing becomes extremely hot! Do not touch it or obstruct its 
ventilation gratings.  
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