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Investigation of field methods for evaluation of air-to-air heat pump performance 

AURELIE JACTARD AND ZELIN LI  

Department of Energy and Environment 

Division of Building Services Engineering 

Chalmers University of Technology 

 

ABSTRACT 

Air-to-air heat pumps have gained an increasing popularity to supply domestic heating 

and cooling  in the building service sector since the 1990s. Due to the challenge from 

depletion of fossil energy sources as well as global warming, it is essential for the 

manufacturers to improve the heat pump efficiency in order to satisfy the requirement 

of living standard without consuming excessive electricity. 

This diploma work focuses on studying different air-to-air heat pump COP (Coeffi-

cient of Performance) field testing methods and standards. Practical measurements 

with three test methods were carried out in parallel in the laboratory, namely SP 

Method, Climacheck Method and Calorimeter Method.  Results were collected from 

both long and short term testing with the corresponding outdoor weather conditions. 

Hence, heat pump performance characteristics can be studied. Furthermore, uncer-

tainty evaluation and limitation analysis of each testing method were made so that 

further improvement could be suggested for field measurement. While defrosting is a 

key factor to ensure high efficiency, the dynamic performance within that period is 

extremely hard to monitor, and it is critical for the long term HSPF (Heating Seasonal 

Performance Factor) measurement of air-to-air heat pumps. 

In this study it has been discovered that neither the SP Method nor the Climacheck 

Method is optimal for the field test, due to the inaccuracy during the defrosting proc-

ess. The Calorimeter Method is feasible to serve as the reference method but it is not 

suitable for field testing. Results achieved by the SP Method seem to be in accord 

with what is achieved by the Calorimeter Method. However, the influence of the air 

volume flow measurement devices upon the testing unit itself, and the bulky equip-

ment setup, make the SP Method infeasible for field testing during long time periods. 

The Climacheck Method is designed as a convenient way to carry out continuous 

measurement, with a user friendly interface and less bulky instrument. But it does not 

work properly if, for instance, the superheat is too low to avoid liquid droplets in the 

suction line to the compressor. Droplets result in an overestimated isentropic effi-

ciency and consequently the heating capacity is also overestimated. On the other 

hand, the Climacheck unit warns the user and indicates the cause of the problem. 

Based on this study, further improvements could be suggested for each testing 

method. For the Climacheck method, an additional testing point is available and 

should be mounted close to the inlet of the condenser. For the SP Method, pre-testing 

in the lab could be made concerning air volume flow rate under different indoor fan 

speeds, so that the bulky air collecting system would be avoided for field testing af-

terwards. Nevertheless, how to measure air volume flow rate accurately, especially 

under dynamic conditions, remains a challenge for the external COP testing method.  

Key words: air-to-air heat pump, COP testing method, defrosting  
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Nomenclature 

Roman letters 

  

A Surface area of the overall climate chamber  m
2 

#/0 Coefficient of Performance for heating purpose 

#/0ͅ Coefficient of Performance for heating purpose, Carnot cycle 

#/0 Coefficient of Performance for cooling purpose 

#/0ͅ Coefficient of Performance for cooling purpose, Carnot cycle 

Ã Specific heat capacity at constant pressure J/(KĀkg) 

f Heat loss factor through the compressor  

È   Refrigerant enthalpy at compressor outlet/condenser inlet kJ/kg 

È   Refrigerant enthalpy at compressor inlet/evaporator outlet kJ/kg 

È   Refrigerant enthalpy at expansion valve inlet/condenser outlet kJ/kg 

È    Lubrication oil specific enthalpy kJ/kg 

Ë Coverage factor for uncertainty 

- Mass flow rate  kg/s 

(30& Heating Seasonal Performance Factor 

Ð   Discharging pressure kPa 

Ð Suction pressure kPa 

Ð    Atmospheric pressure kPa 

Ð  Pressure difference through the SP collector manometer Pa 

Ð  Static pressure inside the SP collector Pa 

1  Heat rejected from the condenser kJ 

1   Heat absorbed in the evaporator kJ 

1 ͺ  Heat loss through the compressor W 

1  Cooling device capacity (the Calorimeter Method) W 

1  ͅ Heating capacity from refrigerant side W 

1 ͺ   Heating capacity from water side W 

1  Heating capacity of the heat pump W 

1  Heat loss through the climate chamber W 

2 Universal gas constant J/(mol.K) 

2( Relative Humidity % 
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ί Standard deviation of x 

ίӶ Type A uncertainty 

4   Condensing temperature K 

4   Evaporating temperature K 

Ô ͅ  Average ambient air temperature (outside the climate chamber) °C 

Ô ͅ  Inlet air temperature to the indoor unit °C 

Ô ͅ  Outlet air temperature from the indoor unit °C 

Ô ͅ  Average room air temperature °C 

Ô ͺ    Refrigerant temperature at compressor inlet °C 

Ô ͺ  Refrigerant temperature at compressor outlet °C 

Ô ͺ    Refrigerant temperature at condenser inlet °C 

Ô ͺ  Refrigerant temperature at condensor outlet °C 

Ô  ͅ  Refrigerant temperature at expansion valve inlet °C 

Ô ͅ  Cooling unit supply water temperature °C 

Ô ͅ  Cooling unit return water temperature °C 

TT_1 Temperature from Climacheck sensor 

 (Outlet of compressor/inlet of condenser) °C 

TT_2 Temperature from Climacheck sensor 

 (Inlet of compressor/outlet of evaporator) °C 

TT_3 Temperature from Climacheck sensor 

 (Outlet of condenser/inlet of expansion valve) °C 

Ὗ Overall heat transfer coefficient W/(m
2.
K) 

όӶ Combined uncertainty of ὼӶ 

ὟӶ Overall uncertainty of ὼӶ  

ὺ Speed  m/s 

6  Air volume flow rate from the indoor unit m
3
/s 

6   Cooling water volume flow rate  m
3
/s 

7  Electric work input to the back-up heater J or kWh  

7 ͺ  Electric work input to the air-cooler fan of the chamber kJ 

7  Electric work input to the compressor kJ 

7  Sum of electric work of the SP fan and the Calorimeter Method fan kJ 

7  Total electric work input to the heat pump kJ or kWh 

7 ͺ  Electric work input to the indoor unit fan kJ or kWh 

7 ͺ  Electric work input to the outdoor unit fan kJ or kWh 
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7 ͺ  Electric work input of the circulation fan (the SP Method) kJ or kWh 

7 Electric power W 

ύӶ Type B uncertainty 

Ø Refrigerant quality 

Ø Air water vapour ratio kgw/kga 

ὼӶ Average value of x   

 

Greek letters 
 

ɻ   Void fraction 

ʀ   Relative difference 

ʂ   Isentropic efficiency 

ʒ   Air area-specific heat flow rate W/ m
2
 

ʍ   Air density kg/m
3
 

 

Subscripts 

a Air  

ÁÖ Average 

ÃÏÍÐͅÉÎ Refrigerant state, inlet to the compressor 

ÃÏÍÐͅÏÕÔ Refrigerant state, outlet of the compressor 

cond_in Refrigerant state, inlet to the condenser 

cond_out Refrigerant state, outlet of the condenser 

evap_in Refrigerant state, inlet to the evaporator 

evap_out Refrigerant state, outlet of the evaporator 

exp_in Refrigerant state, inlet to the expansion valve 

exp_out Refrigerant state, outlet of the expansion valve 

is Isentropic process 

r Refrigerant 

w Water 
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1 Introduction  

The original idea of a heat pump could be traced back to the 1850s, when William 

Thomson, also known as Lord Kelvin, discovered that heat could be "pumped" from a 

colder environment to a warmer one. As he was developing the theory and the device, 

he had already foreseen the huge application potential in the field of building service 

as well as refrigeration . The development of heat pump technology has been stimu-

lated in the recent decades, due to the increasingly high requirement of the indoor 

environment and the serious restraints of the energy consumption. A considerable 

amount of improvements has been applied to the technology since it first came into 

being in the 1940s, in order to have a higher efficiency, a more reliable running range 

as well as less influence on the surrounding environment. A heat pump could be de-

fined as ña machine or device that moves heat from one location (the óheat sourceô) at 

a lower temperature to another location (the 'heat sink') at a higher temperature using 

mechanical work or a high-temperature heat source.ò  

Heat pumps could be sorted into two main categories based on the prime mover they 

use, compression heat pump and absorption heat pump. The former uses a compressor 

operated by mechanical power, mostly from electricity, to increase the pressure and 

temperature of the refrigerant. It is suitable with distributed systems where the scale is 

relatively small, for instance, the domestic HVAC and refrigeration systems. For the 

absorption heat pump, instead of using a compressor, a generator, an absorber and a 

pump are installed. Furthermore, in addition to refrigerant, another fluid known as 

absorbent is introduced as a medium to lift the pressure and temperature of the refrig-

erant, by changing the concentration of the solution. Heat input to the generator plays 

a key role in this cycle, and it is favourable where there is a cheap and abundant heat 

source. Normally, the COP value of the absorption heat pump is much lower than that 

of the vapour compression heat pump, and the benefit from accessing the waste heat 

suggests that this kind of heat pump is only practical in large scale industrial applica-

tions or district heating/cooling.  

Heat pumps could also be classified by the different heat sources and heat sinks, as 

illustrated in Table 1.1 below. 

 

Table 1.1: Classification of heat pumps by heat sources  

Heat Pump type Heat source Heat sink 

Ground Source Heat Pump 

(GSHP) 

Ground  Indoor air / Water 

Air Source Heat Pump Outdoor air/Exhaust air Indoor air / Water 

Water Source Heat Pump Well/surface/ sewage water Indoor air / Water 
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The heat pump market has expanded a lot since the 2000s. Indeed some political in-

centives contributed to that development in the European Union such as subsidy 

schemes. Nowadays the installation of heat pumps is not only limited to the building 

of new houses but concerns the renovation of existing dwellings too. In Sweden, the 

heat pump market is now mature and as a result of the high sales (as described in Fig-

ure 1.1), heat pumps were used in about 50 % of single family houses in 2008.  

 

Figure 1.1: Sales of heat pumps in Sweden 1994-2008  

As can be seen in Figure 1.2, air-to-air heat pumps represent a significant proportion 

since that kind of heating system shares 15 % of Swedish single and two family 

houses according to an estimation by SVEP (Svenska Värmepumpföreningen) and the 

Swedish Energy Agency . 

 

Figure 1.2: Estimated share for different types of heating system in the building stock 

in single and double family houses in Sweden  

 

Statistics show that air-to-air heat pumps are mostly installed in already existing 

houses using direct electricity heating since that is the most cost effective option in 
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that case. Air-to-air heat pump installations are also popular in small shops, offices 

and restaurants. 

Accompanied with the growing popularity in the market, problems concerning energy 

consumption and environment are raised regarding the application of air-to-air heat 

pumps. It becomes equally important to improve the heat pump performance to be 

environmentally friendly while satisfying the customer requirements. From this per-

spective, how to evaluate the COP of air-to-air heat pump in reality becomes impor-

tant. Meanwhile, from the economic point of view, one of the market barriers to the 

prevailing market application of air-to-air heat pump is the lack of robust data regard-

ing the performance under real conditions . Normally some parameters related to the 

function of heat pumps are provided by the manufacturer, and standards have also 

been developed to regulate the lab testing activities. Nevertheless, in reality the heat 

pump usually works to some extent below the given data, due to the variety of instal-

lation and operating conditions. Hence there are plenty of ECOs (Energy Conserva-

tion Opportunities) existing in this industry. Therefore, it is of great significance to 

develop a proper method for field testing of air-to-air heat pumps in order to achieve 

HSPF, which could evaluate the quality and efficiency of the unit more rationally.  

However, field testing of air-to-air heat pumps is far from mature and still needs im-

provements, although a number of methods have been developed for this purpose. 

Currently the challenges are mainly due to the difficulty of properly measuring the air 

volume flow rate and refrigerant properties during dynamic performance of the heat 

pump, in particular the defrosting process, and these issues could be of great potential 

for further investigation.  
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2 Aim and Scope 

The aim of this thesis work is first to review existing air-to-air heap pump COP test-

ing methods and standards, and then to make practical measurements in the lab under 

different outdoor weather conditions. All the testing methods are supposed to be 

tested in parallel so that comparisons could be made based on the same preconditions.  

The project aims at answering the following questions: 

¶ What are the potentials to improve the studied testing methods? 

¶ Do the test results achieved from each method agree with each other? 

¶ What are the testing uncertainties and limitations of each testing method for 

field testing?  

¶ How does the air-to-air heat pump practically perform under different outdoor 

weather conditions? 

For each testing method, measurement data are taken from experiments together with 

the corresponding outdoor weather conditions. The requirements of the testing meth-

ods are also investigated. 
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3 Theory and literature review 

3.1 Heat pump working principle 

3.1.1 Basic vapour compression process 

As illustrated in Figure 3.1, a common vapour compression heat pump is mainly com-

posed of four components: evaporator, condenser, compressor and expansion valve. 

When the heat pump is running, saturated (or even super heated) refrigerant vapour is 

sucked into the compressor in which the temperature and pressure are raised; after-

wards, it passes through the condenser to exchange heat with the heating medium, 

which is in the secondary loop. The refrigerant is cooled at the same time until being 

saturated (or even sub cooled to the liquid region) then it comes to the evaporator by 

passing through the expansion valve, where expansion occurs ideally without any 

enthalpy change. This low pressure liquid/vapour mixture refrigerant is then evapo-

rated by absorbing heat from the surrounding cooling media and becomes saturated 

(or even super heated vapour), when it is followed by another cycle. The difference 

between heating mode and cooling mode lies in whether heat supply (from the con-

denser side) or heat removal (from the evaporator side) is required. This will deter-

mine whether the indoor unit is the evaporator or the condenser. 

 

 

Figure 3.1: Principle scheme of heat pump  
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The basic vapour compression process assumes an adiabatic expansion and an isen-

tropic compression as well as neither superheating nor sub cooling. This whole proc-

ess can be plotted in the p-h and T-s diagram as can be seen in Figure 3.2 and Figure 

3.3. 

 

 

Figure 3.2: A basic vapour compression process illustrated on a p-h diagram  

 

 

Figure 3.3: A basic vapour compression process illustrated on a T-s diagram  
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The Carnot cycle represents the ideal (theoretical) case of a process working between 

two constant temperatures. The main differences with the basic vapour compression 

process are the isentropic expansion and the isentropic compression as it can be ob-

served in Figure 3.4. 

        

 

Figure 3.4: A Carnot process (red lines) overlaid a basic vapour compression process 

(green lines) on a T-s diagram  

3.1.2 The defrost cycle 

Defrosting is one of the features of an air-source heat pump. Indeed, if the outdoor 

temperature falls to near (or below) 0°C, the moisture contained in the air passing 

through the outside heat exchanger will condense, leading to a frost layer on the coil. 

That phenomenon decreases the efficiency of the heat exchange between the outside 

air and the refrigerant circulating in the heat pump pipes. Therefore frost must be re-

moved at some point. Different techniques exist to reach that goal such as electric 

heating, hot gas by-pass and reverse cycle. For the first method, an electric heater is 

incorporated in the outdoor coil but it is rarely used nowadays. For the hot gas by-pass 

method, the superheated refrigerant from the compressor is directly passed into the 

evaporator, skipping the condenser and the expansion device. So this sends hot gas to 

the outdoor coil to melt the frost. For the reverse cycle, by means of a valve, the re-

frigerant flow is reversed meaning that the heat pump is working in cooling mode. 

Therefore, the former evaporator becomes the condenser and vice-versa. Besides, for 

air-to-air heat pumps, the indoor fan is stopped to avoid blowing cold air into the 

room. For both methods, during defrost cycle, the outdoor fan, which normally blows 

cold air over the coil, is shut off in order to melt the frost faster.  

Two different methods are used to determine when the unit should go into defrost 

mode: demand-defrost and time-temperature defrost. In order to detect frost accumu-

lation on the outdoor coil, the control system based on the demand monitors airflow, 

refrigerant pressure, air or coil temperature and pressure differential across the out-

door coil. Time-temperature defrost is less sophisticated since it starts and ends by 

either a preset interval timer or a temperature sensor located on the outside heat ex-
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changer. The frequency at which that defrost cycle is initiated depends both on the 

climate and on the design of the system.. 

3.1.3 Refrigerants 

Another key component of a heat pump is the refrigerant. One of the most important 

properties of a refrigerant is the saturation pressure/temperature characteristics.  

Several parameters are to be taken into account when choosing a refrigerant for heat 

pump applications. Thus, the refrigerant will ideally: 

¶ be non-toxic (for health and safety reasons) 

¶ be non-flammable (to avoid risks of fire or explosion) 

¶ operate at modest positive pressures (to minimize the pipe and component 

weights and avoid air leakage into the system) 

¶ have a high vapour density to minimise the compressor capacity and pipe di-

ameters 

¶ be environmentally friendly  

¶ be cheap to produce 

Of course, in practice the choice of a refrigerant is a compromise.  

 

Most heat pumps previously used R22 until ozone depletion concerns arose in the 

1980s. Due to Montreal protocol, that refrigerant has to be phased out by 2020. There-

fore nowadays other refrigerants with lower impact on the ozone layer are being used. 

R407C (mixture between R-32, R-125 and R134a) offers a wide application range. 

Despite its higher global warming potential, the larger manufacturers are now adopt-

ing R410A for heat pumps below 20 kW due to smaller components and marginal 

gains in efficiency. Additionally R290 is being used. Because of its good environ-

mental characteristics and high efficiency, the idea of using CO2 as a refrigerant is 

becoming popular.  

 

During defrost the heat pump is not delivering any heat and therefore unnecessary 

defrost cycles lead to a reduced general performance of the heat pump over a long 

period. As a consequence, the demand-frost method is generally more efficient since 

it starts the defrost cycle only when it is required.  

Furthermore, the heat produced by the reverse cycle defrost is lost to the outdoor am-

bient, reducing the performance of the air source heat pump. Besides the indoor unit is 

cooling down a bit the room during defrosting inducing afterwards supplemental heat 

consumed to temper indoor air during the defrost. Indeed, despite the fan is not work-

ing, passive heat transfer occurs between hot room air and cold condenser leading to 

heat removed.  

Thus, defrosting duration and frequency are among the most important factors influ-

encing the performance of a heat pump. 
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3.2 Performance of a heat pump 

3.2.1 COP and HPSF 

A better knowledge of the factors influencing the heat pump is needed to develop and 

broaden the use of heat pumps. COP (Coefficient of performance) is one of the most 

important factors to evaluate the function of the heat pump; it is defined as the ratio 

between the useful heat delivered and the work supplied to the heat pump. It can be 

applied both in the heating mode and in the cooling mode. The corresponding equa-

tions are equations (3.1) and (3.2) below. According to the first law of thermodynam-

ics,  equation (3.3) can be stated.  

#/0 #/0
1

7
              σȢρ 

#/0 #/0
1

7
               σȢς 

1 1 7         σȢσ 

Taking #/0 for example, the expression could also be transformed into 

#/0
1

1 1
        σȢτ 

Suppose the heat pump is working at the maximum efficiency, which is Carnot effi-

ciency, equation (3.5) is satisfied accordingly, so that the Carnot COP could also be 

expressed as equation (3.6) for #/0ͅ and the corresponding #/0ͅ is equation (3.7). 

1

4

1

4
        σȢυ 

#/0ͅ
4

4 4
        σȢφ 

#/0ͅ
4

4 4
       σȢχ 

 

HSPF (Heating Seasonal Performance Factor) is widely accepted as the standard to 

evaluate the efficiency of heat pump in heating performance, especially for the air 

source heat pump; by contrast, SEER (Seasonal Energy Efficiency Ratio) is applied in 

the cooling mode. HSPF is a ratio of heat energy delivered to the electricity energy 

supplied to the unit. 

However, HSPF is not completely identical to the COP value of the heat pump. On 

the one hand, the COP value is normally disregarding the time span, mainly heating 

and electricity capacity are compared. However, HSPF concerns more about the aver-

age value and the accumulating effect during some definite period of time, preferably 

a few months or one season, so as to give a more reliable judgment of the efficiency 

of the heat pump. On the other hand, HSPF takes into consideration the influence 

from the variable conditions of the heat source, which could significantly affect the 

performance of the air source heat pump, so it makes more practical sense to intro-

duce HSPF to evaluate the heat pump efficiency in addition to the COP value.  
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3.2.2 System boundaries 

While calculating the HSPF of a heat pump, it is also necessary to clearly define what 

the system boundary is. 

 

Figure 3.5: System boundaries for heat pump in heating operation  

 

  

Because air to air systems have different architectures than water based systems, a 

specific nomenclature has been built by SEPEMO  as shown in Figure 3.5 and in 

equations (3.9) to (3.13) 

(30&
В1

В7
        σȢω 

(30&
1

7
        σȢρπ 

(30&
1

7 ͺ 7
        σȢρρ  

(30&
1 1

7 ͺ 7 7
        σȢρς 

(30&
1 1

7 ͺ 7 7 7 ͺ
        σȢρσ 

 

It should be noticed that the way to divide the system boundary as above is not quite 

stringent, even though it makes sense with the practical testing case in this specific 

project. Theoretically, distinctions among heat pump, heat pump system and heat 

transfer system should be made. Further information regarding this could be achieved 
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from Fahl®nôs references  . Therefore, it is essential to make clear whether auxiliary 

devices should be taken into account according to different system boundaries; other-

wise, the results are ambiguous and unable to be compared under the same funda-

ments. Furthermore, measurements for different system boundaries also call for dif-

ferent instruments and setups to get all the energy input and output.  

 

3.3 Existing COP testing methods for air-to-air heat pumps 

The experienced in situ air-to-air heat pump COP testing methods could be summa-

rized into two big categories, external methods and internal methods.  

3.3.1 External methods 

External method is based on the traditional measurements of heat transfer on the air 

side, mainly air flow rate, inlet and outlet temperature, corresponding air properties 

such as density and specific heat capacity. Based on these data, heating capacity could 

be calculated according to equation (3.14). In heating mode, relative humidity has 

very little effect in enthalpy variation, so equation (3.14) can be replaced by equation 

(3.15). 

1 6ɇʍͅ ɇÈͺ Èͺ         σȢρτ 

1 6ɇʍͅ ɇÃͺɇÔͅ Ôͅ         σȢρυ                 

 

It is possible to measure heating capacity using the external method to achieve an un-

certainty less than 1-2 %. However, in practical installations, normally the expected 

uncertainty is higher than 5 %, due to restriction while maintaining sufficiently stable 

conditions and achieving laboratory level accuracies . The biggest challenge is in the 

air flow rate measurements. Efforts have been taken to investigate the accuracy re-

garding this issue, and mainly two different testing methods have been developed for 

external measurements, named as SP Method and Tokyo Gas Method as further ex-

plained below. 

The SP Method has originally been developed by SP Sveriges Tekniska Forskningsin-

stitut (Method 1721) for the field testing of non-ducted air-to-air heat pumps. It can be 

applied both in the heating mode and in the cooling mode with an expected uncer-

tainty below 10 % . The in situ setups are shown in Figure 3.6. 
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Figure 3.6: Equipment setup for the SP Method 

According to the requirements specified in the report , at least four temperature sen-

sors should be applied at both inlet and outlet of the heat pump, they should be evenly 

distributed in order to get a good average value. Reaching a steady state is extremely 

important during the testing; as suggested, the test shall not start earlier than 5 minutes 

after defrosting and should last for at least 10 minutes
1
.  During the testing process, 

the static pressure is to be kept at 0 Pa by adjusting the speed of the SP circulation fan, 

in order to minimise the influence from the duct and manometer itself. The permitted 

uncertainty of measurement is shown in Table 3.1. 

Table 3.1: Permitted uncertainty of measurement  

Magnitude of measurement Permitted total uncertainty of 

measurements 

Air temperature ±1 K 

Air flow  ±5 % 

Atmospheric pressure ±10 hPa 

Electric power, electric energy ±4 % 

Time ±0.5 % 

 

                                                 
1
 In the actual tests, the method was used for continuous measurements and the outdoor conditions were 

varying. 
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In this method, all the connecting parts shall be well sealed to prevent any air leakage. 

Insulation of the duct and collector is also very important so that heat loss is mini-

mised; the average value is taken for the inlet and outlet of air temperature, preferably 

an additional temperature sensor is installed close to the manometer to get the air 

properties such as density and specific heat capacity; volume flow rate is achieved 

from a manometer, which takes into consideration the pressure difference  of the two 

testing points. Heating capacity is then calculated referring to equation (3.15). Mean-

while, a power meter is connected concerning the definition of system boundary; here 

the power meter can either be an electricity power meter or an integrating electric 

energy meter.  

For instance only the power input to the heat pump itself is considered within the sys-

tem boundary (see Section 3.2.2), and the electricity input is measured as 7  , then 

the COP value is calculated as equation (3.16). 

   

#/0
1

7
               σȢρφ 

 

 

The Tokyo Gas Method is another external testing method which was developed by 

Tokyo Gas Co.,Ltd, Japan. This method is proposed for measurements of split-type 

package air conditioners, which are very popular in Asian countries like Japan and 

China.  

The heating/cooling capacity measurement is principally based on determining the 

difference of heat flow before and after the indoor unit.  The equipment setup is illus-

trated in Figure 3.7. The inlet and outlet areas are divided into a certain number of 

small regions, within which air temperature, humidity as well as velocity are meas-

ured. Air velocity of each point is measured by anemometer and then compared with 

the value measured at the centre position to get a certain ratio. A velocity distribution 

curve could then be interpolated. Thereafter the air volume flow rate is achieved from 

the integration of air velocity over the whole area, separately for the inlet and outlet of 

the indoor unit, and compared with manufacturerôs data, in order to get a correction 

factor which is applied to modify the air velocity measured at each point. Finally, air 

volume flow rate of each formerly divided small region is further determined. To-

gether with the air property, which is from the tested temperature and humidity, en-

ergy flow rate into or from each small region is calculated, as illustrated in equation 

3.17. 

ʒ Öɇʍ Ô ɇÈ ÔȟØ        σȢρχ 

Integrations are made regarding all the energy flows achieved over the total inlet and 

outlet area of the indoor unit. Heating capacity is then presented by equation (3.18). 

1 ʒͺ ʒͺ Ä!        σȢρψ 
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Figure 3.7: Instrument setup for Tokyo Gas Method 

 

The Tokyo Gas Method could be applied not only in heating mode but also in cooling 

mode, as described in. Experiments were done with the weather conditions recorded 

both during summer and during winter, so that the SPF could be gotten quite reasona-

bly. There are fewer restrictions concerning the test of air volume flow rate, but the 

accuracy is relatively low as could be predicted. The measurements could adapt 

quickly considering load change; however, it is still impossible to get the heat re-

moved during defrosting. Hence it is not the perfect solution for the continuous meas-

urement of HSPF.  

 

3.3.2 Internal methods 

Distinguished from external method, the internal method focuses on the refrigerant 

cycle, measuring the refrigerant temperature and pressure at certain points, so as to get 

the corresponding enthalpy values, which are applied to calculate the heating capacity. 

Refrigerant mass flow rate is also necessary for the calculation; it could be achieved 

in different ways as it will be further explained later. Heating capacity is further de-

termined through equation (3.19) 

1 - ɇÈ ͺ Ô ͺȟÐ ͺ È ͺ Ô ͺ ȟÐ ͺ         σȢρω             

One of the benefits over the external method is the possibility to study the factors 

which cause the deviation from the expected value more directly, and for this reason, 

the internal method has the potential to be applied in expert FDD (Fault Detection and 

Diagnosis) systems.  

However, there are also difficulties to have a good value of refrigerant mass flow rate 

directly, due to the changing of the refrigerant state during operation.  Climacheck AB 
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developed a method to calculate the mass flow rate indirectly, with an estimated heat 

loss factor , while another testing method using Coriolis flow meter has also been de-

veloped to overcome this challenge . 

The Climacheck Method has been invented by the company Climacheck Sweden AB 

to analyse the performance of any refrigeration, heat pump or air-conditioning system. 

It uses a ñRefrigeration Performance Analyzerò which focuses on the refrigeration 

cycle. The method is based on pressure and temperature measurements of the refriger-

ant as well as the electric power input to the heat pump compressor. Then the mass 

flow rate of the refrigerant as well as the heating/cooling capacity is determined from 

thermodynamic calculations.  
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Figure 3.8: Instrument setup for the Climacheck Method 

Figure 3.8 shows the instrument setup for the Climacheck Method. The temperature 

sensor is non intrusive and attached on the surface of the refrigerant pipe with heat 

transfer compound, aluminium and insulation. It should be installed far enough from 

the compressor or valves which can lead to a difference between surface temperature 

and inner temperature of the tube as illustrated in Figure 3.9. Power measurement is 

only referring to the compressor electricity consumption by connecting current clamps 

and voltage cables to the corresponding three-phase wires to the compressor. All the 

sensors shall be connected in accordance with each template which is developed spe-

cially for the Climacheck data logger, as in Figure 3.10. 
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Figure 3.9: Climacheck temperature sensor recommended set up  

 

 

Figure 3.10: Climacheck data logger with the sensors inserted 
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Based on the measurement, all the points shown in Figure 3.8 could be specified in 

the p-h diagram, as illustrated in Figure 3.11. 

 

Figure 3.11: Refrigerant state with the corresponding points in p-h diagram  

As could be noticed, there is a pressure loss through condenser and evaporator, while 

there is no pressure sensor at point 3, outlet of condenser. Nevertheless in the liquid 

region the temperature curve is almost vertical so it would not influence the enthalpy 

so much if the same pressure level as at point 1 is considered. 

Another parameter required is the mass flow rate of the refrigerant. This is achieved in 

an innovative way with the Climacheck Method. Different refrigerants could be se-

lected in the defaulted template of Climacheck since refrigerant properties are needed 

for enthalpy calculation. Meanwhile the heat loss factor f through the compressor is 

assumed to be 7 %
2
, as demonstrated in Figure 3.12, and then the mass flow rate can 

be easily determined by thermodynamic calculation using equation (3.20). 

 

7
- ɇÈ È

ρ Æ
               σȢςπ 

 

                                                 
2
 The value of the heat loss factor has been verified for small hermetic compressors for residential heat 

pumps, for more information, see [19] 
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Figure 3.12: Energy flows through the compressor 

 

After -  is determined, equation (3.19) can be applied to calculate the heating capac-

ity. With the Climacheck data logger itself, it is only possible to calculate COP based 

on the compressor power input, but an additional power meter could also be con-

nected to the heat pump to measure the total electricity consumption so that the refer-

ence system boundaries can be created while comparing with the other testing meth-

ods. 

The Climacheck Method is available neither for testing during defrosting, nor in mix-

ture region due to its limitations to trace the state of point 3. However in normal heat-

ing mode, the accuracy is expected to be within 5 % when the conditions are good, 

this was verified over a wide range of operating conditions of different heat pumps,  

according to Fahlén and Johansson [20].  

The Refrigerant Enthalpy Method  gives good solutions to the problems which the 

Climacheck Method could not manage. This method also focuses on the refrigerant 

cycle and was first validated by testing an air-to-water heat pump in laboratory with 

water enthalpy as the reference, and the data from experiment shows that the method 

is reliable even during defrosting. The method could further be developed to act as a 

reference to the external methods for air-to-air heat pumps . 

The laboratory instrument setup is illustrated as in Figure 3.13. Instead of resorting to 

the enthalpy change through the compressor to get the mass flow rate; here it is di-

rectly measured with an intrusive Coriolis flow meter. An additional role that Coriolis 

flow meter plays is that it could be applied at the same time to observe the refrigerant 

density at the specific location. The enthalpies before and after the condenser are de-

termined by measuring the temperature and pressure of the corresponding points. In 

addition, heating capacity is also achieved from the water cycle, since it is easier and 

more accurate to test the flow rate of water. 

Heat Loss 



21 

 

Figure 3.13: Instrument setup for refrigerant enthalpy method 

 

This method works smartly to get the void fraction Ŭ and the vapour quality Ø of the 

refrigerant in the discharging line during defrosting, since it is not sufficient to derive 

the enthalpy just from the temperature and pressure when the state lies in the liquid 

vapour mixture region. Together with the Ø-value, the biphasic refrigerant enthalpy 

could be defined. Detailed calculations are shown in . 

The results from the Refrigerant Enthalpy Method also concerns the influence of the 

oil concentration in the refrigerant flow, here it is assumed to be 2 % and it is the sen-

sible heat that is transferred by the lubrication oil. So finally the heating power is 

achieved by equation (3.21). 

1 - ɇ ρ # ɇÈͺ ͺ Èͺ ͺ #ɇÈ ͺ ͺ È ͺ ͺ σȢςρ     

Under laboratory conditions, the heating capacity calculated in the refrigerant cycle 

could be compared with what is achieved in the water cycle, by using the equation 

(3.22), the results from the paper  suggest that the average relative difference between 

the water side and the refrigerant side is 1.82 %.  

ʀ
В1 ͺ

В1 ͺ

ρ                          σȢςς 

In which the sum is taken over a period of time. 

The main drawback of Refrigerant Enthalpy Method is the difficulty of installing the 

Coriolis flow meter in situ due to its big size as well as the fact it is intrusive. There-

fore, it is not a feasible field test method for both practical and economical reasons. 
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3.3.3 Calorimeter method 

Empirical data with in situ measurement suggests that the deviations between the in-

ternal and external methods are within 5 % . Nevertheless, it is not suitable to have 

either of the testing methods introduced above to play the role of the reference. Re-

garding the evaluation problem, the European standard EN 14511 applies for ñAir 

conditioners, liquid chilling package, and heat pumps with electrically driven com-

pressors for space heating and coolingò [19]. It specifies relevant test conditions and 

methods for those devices in order to determine their COP (Coefficient of Perform-

ance). This method is carried out in a climate chamber under certain lab conditions. 

Energy balance serves as the theoretical fundaments and it could exactly follow the 

heat pump performance particularly in steady state. This method, named as Calorime-

ter Method, could be fully accepted as the reference while having other methods 

tested simultaneously. 
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Figure 3.14: Equipment setup and energy flow of indoor compartment for the Calo-

rimeter Method 

For lab testing with the Calorimeter Method, certain conditions have to be satisfied 

according to the standard; for heating capacity measurement, louvers and fan speed 

shall be set for maximum air flow while the inlet air to the heat pump should be kept 

at 20°C. There are specific requirements for the deviation of temperature during 

steady state and defrosting period. It is also available to take into consideration the 

effects from dynamic process, but a testing period at least as long as 260 minutes is 

needed, normally divided into 3 stages, named as preconditioning period, equilibrium 

period and data collection period. The heat content in the climate chamber should 

return to the original value at the beginning of the test, so that heat change during dy-

namic process can be covered in the whole testing period (heat storage is constant in 

other words). More requirements can be found in [19]. The instrument setup and en-

ergy flow are shown in Figure 3.14. Based on the energy balance assuming the heat 

storage change is 0 J, the heating capacity is achieved from equation (3.23), with the 

absolute value considering the energy flow directions. 
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Here room temperature and ambient temperature outside of the chamber is measured. 

Heat loss through the chamber is then determined together with the UA value of the 

chamber, which could be easily gotten from a separate experiment . Power input to 

the cooling fan is measured with a power meter and the cooling capacity from the 

cooling device is calculated with equation (3.24), by measuring the inlet and outlet 

temperature of cooling water, besides, the volume flow rate of cooling water is also 

measured.   

 

1 ʍ ɇ#ͺ ɇ6 ɇÔͺ Ôͺ             σȢςτ            
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4 Methodologies 

The aim of this thesis work is first to review the existing test methods and standards, 

then make in situ setups to practically measure the COP of the target heat pump with 

different testing methods mentioned above, Mainly three methods were used in the 

work, the Calorimeter Method, the SP Method as well as the Climacheck Method. 

The testing methods are tested in parallel under different outdoor air conditions. Re-

sults are compared and further analyzed in order to figure out the advantages and dis-

advantages of each method, while the operation characteristic is also studied at the 

same time, in order to suggest an optimal testing method and theories which is suit-

able for practical field testing of HSPF.    

 

4.1 General set up 

The heat pump tested is an air-to-air heat pump Bosch 6.0AA. It is a split system (out-

side and inside units shown in Figure 4.1). The refrigerant cycle could be seen from 

Figure 4.2. 

 

 

 

Figure 4.1: Outdoor unit (above) and indoor unit (below) of BOSCH 6.0AA heat 

pump 
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Figure 4.2: Refrigerant cycle schematic diagram of the tested unit  
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The indoor unit (including mainly evaporator and indoor fan) is wall mounted inside 

the climate chamber. The outdoor unit is placed on the roof, so real outdoor condi-

tions will be taken into consideration during testing. The units are joined together by 

pipes carrying the refrigerant R410A. The heat pump uses reverse cycle (thanks to a 

4-way valve) to handle both heating and cooling, nevertheless only the heating mode 

will be investigated in the experiments.  

The manufacturerôs specification is 6.0 kW as the maximum heating capacity and 4.0 

kW as the rated capacity, at which the heat pump is designed to work. . As required 

for the Calorimeter Method, the indoor temperature will be set at the maximum which 

can be set up (32°C) on the heat pump controller. This is to ascertain that the heat 

pump is working constantly at maximum capacity. The manufacturerôs data from the 

outdoor unit label are shown in Figure 4.3. The detailed specification of the testing 

unit is further described in Appendix I. 

 

 

Figure 4.3: Heat pump properties as listed on the outdoor unit label 

The manufacturerôs data include the performance curve of the heat pump in heating 

mode from a theoretical point of view. The standard conditions used are given in Ta-

ble 4.1, and Figure 4.4 shows the performance curve when outdoor temperature is 

varied outside the standard conditions, 

  

Table 4.1: Standard rating condition from the manufacturer, according to EN14511 

Heating mode Indoor unit Outdoor unit 

 Dry bulb temperature Dry bulb temperature Humidity 

 20°C 7°C 84 % 
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Figure 4.4: Performance of BOSCH 6.0AA Heat Pump in heating mode with 20°C 

indoor temperature and variable outdoor temperature 

 

The Calorimeter Method will be carried out in a climate chamber (indoor compart-

ment). On the contrary to the requirements, no outdoor compartment will be used. 

Instead the outdoor unit is located outside, and thus it is subjected to real outdoor 

conditions.  

Since for heating the relative humidity does not play a big role, the change of relative 

humidity in the indoor room will be neglected (so no humidifier will be installed). The 

cooling device uses a water system to cool down the air and an air fan as shown in 

Figure 4.5 and Figure 4.6. The inlet water temperature can be adjusted as well as the 

water volume flow rate giving a certain cooling capacity to the device. The goal is to 

keep the unit inlet air temperature at 20°C (listed as a requirement for the EN14511 

rating Method). The inlet temperature will never reach the set temperature (32°C) so 

the heat pump will be constantly running. 

As said before, the heat pump behaviour depends on the outdoor conditions (mostly 

temperature and humidity) and since it is hard to obtain the same outdoor conditions 

at different times it has been decided to carry out the three methods at the same time. 

Since the Climacheck method is an internal method, it does not have any influence on 

the Calorimeter Method. However, the SP Method requires the use of an electric fan 


