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Figure 6.15 Refrigeration system in operation before the new ejector pack controller, AC on 
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Figure 6.16 Refrigeration system in operation with the new ejector pack controller, AC off 
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Figure 6.17 Refrigeration system in operation with the new ejector pack controller, AC on 
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In conclusion, on the basis of Fig. 6.14÷6.17 it can be noticed that: 

 system used to work less stable before the installation of the new pack controller 

 floating operation occurred especially when the AC was off (i.e. with a low load of the 

system), and this situation can be observed mainly in the performance of ejectors, fans 

and MT-compressors 

 with the new pack controller system’s work is much more steady, moreover, when the 

AC is on the operation is even more stable due to higher load of the system  
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7. CONCLUSIONS 

The problem with oversized gas cooler, which caused unsteady system’s operation, was 

handled by: switching the street-heating into permanently active mode, installation of a shut-

off valve which reduces the gas cooler’s capacity by 50% in case of low ambient temperature 

(< 7°C), reprogramming gas cooler’s fans, and installation of a new pack controller for the 

ejectors. After this amendments, the system works more stable, especially during warmer days 

when the air conditioning is turned on. Other possible solution, which is impossible to 

implement in the system working in Rema 1000 Prinsensgata, is gas cooler’s size reduction (by 

50%) along with constraint in the number of fans. This means division of the gas cooler into 

two parts, with one part that constitutes 1/3 of the total length (with one fan), and the second 

one composed of 2/3 of the total length (with two fans). In this modification there is also an 

option of installing bypassing valve after the first part of the gas cooler, and air shutters which 

could restrain (cold) ambient air entering the gas cooler, thus avoiding a risk of low CO2 outlet 

temperature. A simulation of the gas cooler operation was performed in a heat exchanger 

modelling computer program hXSIM (the Heat Exchanger Simulator), in order to achieve GC 

outlet temperature in an acceptable range for liquid separator’s pressure level (i.e. not lower 

than 5°C) in view of the gas cooler split into two parts and increased subcooling with fairly 

stable GC outlet pressure (around 55 bar), hence more stable operation of the whole system and 

an increase in the COP is expected. The investigation depicted: maximal and minimal 

refrigerant flow rate that could be generated by MT-compressors, power demand for the MT-

compressors and for the fans, and finally fans working range for different inlet air temperatures 

(within the scope of -15÷15°C) for two different inlet refrigerant temperatures (60°C and 20°C) 

and for boundary (maximal and minimal) refrigerant flow rates. A slightly subcooled liquid 

refrigerant was obtained after the first part with maximum air flow rate equal to 5.4 m3/s, which 

is just enough to cope for two blowers (maximum air flow rate 5.66 m3/s). In the second part of 

the GC maximal air flow rate, that was utilised, was not higher than 0.65 m3/s, which is much 

below the maximum flow rate for one fan (i.e. 2.83 m3/s). 
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8. PROPOSAL FOR FURTHER WORK 

Other possible solutions that are still not implemented in Rema 1000 Prinsensgata, but 

would be beneficial for the system, are following: 

 adapting the control of bypassing valve for the gas cooler and distributing heat 

towards the building and streets, which would prevent low gas cooler outlet 

temperature in the winter 

 more frequent application of the AHU-heater, to heat up fresh air incoming to the 

supermarket when sufficient temperature has been reached inside the storage 

tanks (i.e. above 60°C), thus the GC load should diminish during the winter 

 calibration of mass flow meter 

 calibration of following energy meters: heat recovery, AC-evaporator, AHU-

heater, snow-melting-unit 

 varying temperature or pressure at the suction of MT-compressors to investigate 

energy savings 
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HEAT EXCHANGER CALCULATION, USING HXSIM 

  H A H X  --  HXSIM v5.04-FEB-12-2007  

  Simulation 

  results                  ID: TEST CASE  

  Date: 17-APR-2016        Dataset: gascooler1  

  Time: 10:37  

  Status: Case did      converge after    5  iterationes 

  Type of heat exchanger: Gascooler  

  Tube concept: Tube-in-fin      Fin concept:  Plate  

  Tube variant: Round            Fin variant:  Plain  

GEOMETRY: 

             MAIN DIMENSIONS:                 TUBE BUNDLE AND LAMELLAS: 

  Core length       : 6.340 m    Tube diameter(s)       : 8.50/7.30 mm H  

  Finned tube length: 6.300 m                           : 8.50/7.30 mm V  

  Core height       : 0.103 m    Fin thickness          :   0.12 mm      

  Core depth        : 1.122 m    Fin spacing            :   2.10 mm      

  Air side area     : 569.89 m   Fin material           :Aluminum 
Tube inner area   : 25.67 m     Tube material          :Copper  

  Area ratio        : 22.41 -    Tube arrangement     
          :Staggered down  

                                  Number of vertical tubes:     2  
  Core  weight      :249.714 kg   Vertical tube pitch:          41.00 mm   
  Tube weight       :150.078 kg   Number of horizontal tubes:   88  
  Fin weight        :99.636  kg   Horizontal tube pitch:        12.75 mm   

OPERATING CONDITIONS: 

Refrigerant side: 

  Inlet refrigerant temperature:    110.00 °C    

  Inlet refr. pressure:             90.00 Bar   

  Refrigerant flow:                 0.8130 kg/s (2926.8 kg/h) 
  Refrigerant:                      CO2  
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Air side: 

  Inlet air temperature   : 30.00 °C    

  Relative humidity       : 60.00 %     

  Air face velocity       : 1.20 m/s   

  Air flow                : 8.490 m
3
/s (30564 m3/h) 

  Air flow (standard)     : 7.880 Sm
3
/s (28370 Sm3/h) 

  Air flow direction      : South  

HEAT PERFORMANCE CALCULATION SUMMARY: 

Main results 

  Performance                             :   184.21 kW      
  Overall heat transfer coefficient       :   30.44 W/m˛°C  

  Exit temperature difference             :   4.97 K       

Air side: 

  Mean heat flux                          :  323.25 W/m    

  Pressure drop                           :  26.66 Pa      

  Theoretical fan power demand            :  226.30 W       

Refrigerant side: 

  Mean heat flux                          :  7175.33 W/m    
  Pressure drop (including headers)       :  18.94 kPa  (0 K) 
 (Without headers)                       :  19.37 kPa     

  Total refrigerant flow                  :  0.8130 kg/s (48.78 kg/min) 

  Refrigerant content                     :  20929.26 g       
  Refrigerant content, liquid only        :  31720.50 g       
  Outlet temperature                      :  34.97 °C      

  Outlet vapour quality (average)         :  1.00 -       

GEOMETRY CALCULATIONS: 

MAIN DIMENSIONS: 

  Core length :        6.340 m       Air side area      : 569.89 m    

  Finned tube length:  6.300 m       Tube inner area    : 25.67 m    

  Core height :        0.103 m       Area ratio         : 22.41 -     

  Core depth  :        1.122 m       Air face area      : 7.069 m    

A2



  Core weight       : 249.714 kg     Fin area            :  541.89 m   
  Tube weight       : 150.078 kg     Air side 
  Fin weight        : 99.636 kg      tube area           :  28.00 m    
                                     Contraction ratio   :   0.95 -     

TUBE BUNDLE AND FIN DATA: 

Tube Data 

Tube variant                                  :    Round  
Tube diameter                                 :    8.50/7.30mm     
Return bend diameter                          :    23.80/25.00mm     
Tube wall thickness                           :    0.60 mm    

Tube enhancement factors, 

  - Refrigerant side heat transfer             :   1.00  

  - Corresponding pressure drop increase       :   1.00  

  - Refrigerant side surface                   :   1.00  

  - Air side heat transfer                     :   1.00  

  - Corresponding pressure drop increase       :   1.00  

  - Air side surface                           :   1.00  

Tube material,                                :  Copper  
  - Thermal conductivity                       :  400.00 W/m K   

  - Density                                    :  8950.00 kg/m
3
   

Tube weight, 

  - Total weight                               :   150.08 kg      

  - Weigth per meter                           :   0.1333 kg/m    

   

Fin data 

Fin variant                                  :   Plain  
Fin thickness                                :   0.12 mm    

Fin spacing                                  :   2.10 mm    

Total number of fins                         :   3000 -     

Fixed fin efficiency                         :   0.86 %     

Fin enhancement factors 

  - Heat transfer enhancment                  :   1.17 -     
  - Corresponding pressure drop increase      :   1.16 -     

Fin material,                                :  Aluminum  
  - Thermal conductivity                      :  230.00 W/m K   

  - Density                                   :  2750.00 kg/m
3
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Table 2  Refrigerant flow for the MT-compressors, range of work 22÷42% 

Scope of work, % Frequency, Hz 
Displacement, 

h

m3

Mass flow, 
s

kg

22 30 6.97 0.121 

23 31.5 7.32 0.127 

24 33 7.67 0.133 

25 34.5 8.02 0.139 

26 36 8.37 0.145 

27 37.5 8.722 0.151 

28 39 9.06 0.157 

29 40.5 9.41 0.163 

30 42 9.76 0.169 

31 43.5 10.11 0.175 

32 45 10.46 0.181 

33 46.5 10.81 0.187 

34 48 11.16 0.194 

35 49.5 11.50 0.200 

36 51 11.85 0.206 

37 52.5 12.20 0.212 

38 54 12.55 0.218 

39 55.5 12.90 0.224 

40 57 13.25 0.230 

41 58.5 13.60 0.236 

42 60 13.94 0.242 
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Table 3  Refrigerant flow for the MT-compressors, range of work 28÷50% 

Scope of work, % Frequency, Hz 
Displacement, 

h

m3

 Mass flow, 
s

kg  

28 30 9.82 0.170 

29 31.4 10.26 0.178 

30 32.7 10.71 0.186 

31 34.1 11.15 0.193 

32 35.5 11.60 0.201 

33 36.8 12.05 0.209 

34 38.2 12.49 0.217 

35 39.5 12.94 0.224 

36 40.9 13.39 0.232 

37 42.3 13.83 0.240 

38 43.6 14.28 0.248 

39 45 14.72 0.255 

40 46.4 15.17 0.263 

41 47.7 15.62 0.271 

42 49.1 16.06 0.279 

43 50.5 16.51 0.286 

44 51.8 16.95 0.294 

45 53.2 17.40 0.302 

46 54.5 17.85 0.310 

47 55.9 18.29 0.317 

48 57.3 18.74 0.325 

49 58.6 19.19 0.333 

50 60 19.63 0.341 

 


