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ABSTRACT 
 

This paper evaluates the performance of an active magnetic regenerative refrigeration cycle (AMRRC) by using 

transient modeling tools. While theoretical COPs of magnetic refrigeration systems are quite promising, parasitic 

losses inherent to the cycle can substantially reduce the energy efficiency that can be achieved in reality. For solid 

state refrigeration systems, such as the AMRR cycle, the regenerator undergoes cyclic heating and cooling, making 

the thermal capacitance of the component a critical parameter during no flow periods. Additional performance 

reductions are experienced due to additional temperature differences required to convect heat into and out of the 

magnetic regenerator through the use of a secondary heat transfer fluid. Therefore, this paper combines transient 

modeling of the magnetic regenerator and the heat exchangers that connect the system to the heat source and sink. 

The model is then used to study the effects of relevant parameter variations, including magnetic cycling and fluid flow 

frequencies, mass flow rate of the secondary fluid stream, and geometric variations of the regenerator design, on 

parasitic losses, cooling capacity and COP. In addition, the model is used to assess the COP reduction caused by these 

inherent parasitic losses, which allow for a fairer comparison to standard vapor compression systems. 

 

1. INTRODUCTION 
 

Magnetic refrigeration cycle is seen as one of the most promising technologies to replace the conventional vapor 

compression cycle (VCC). It has been actively investigated because of its environmental-friendly characteristics. Not 

having to us a refrigerant is considered another advantage of the technology, eliminating the problem direct greenhouse 

gas emissions and problems caused through refrigerant leakage. Furthermore, the inherently high energy efficiency of 

the AMRR cycle makes this technology an attractive candidate for future cooling systems. Because of these 

advantages, magnetic refrigeration cycle has been emphasized as alternative with the best experimentally achieved 

exergetic efficiency among different cooling and heating technologies (Brown and Domanski, 2014). 

Magnetic refrigeration cycles generate cooling and heating utilizing the magnetocaloric effect which is the physical 

phenomenon of magnetocaloric material (MCM) exposed to a magnetic field change. When a magnetic field is applied 

to an MCM, which is called the magnetization process, the magnetic entropy of the MCM decreases. In isentropic 

condition an increase in lattice entropy due to constant total entropy causes an increase in temperature of the material 

which is called adiabatic temperature change of magnetization. When the magnetic field is removed from the material, 

its temperature decreases. This cyclic magnetocaloric effect can be used for cooling and heating in a magnetic 

refrigeration cycle (Kitanovski, 2015). 

However, a maximum adiabatic temperature change of most MCMs using a permanent magnet cannot exceed 5K, 

which is insufficient to replace conventional VCCs which can deliver much more substantial temperature lifts. 

Therefore, an active magnetic regenerative refrigeration cycle (AMRRC) was developed and applied to magnetic 

refrigeration cycle by Steyert (1978) and Barclay and Steyert (1982) to increase obtainable temperature lifts. A higher 

temperature lift is achieved, by connecting the MCM via heat transfer fluid (HTF) to the heat source and the heat sink 

in an alternating fashion. A typical AMRRC consists of the four processes described in Figure 1. It continuously 

repeats and Kitanovski (2015) compared its cyclic operation to the characteristics of a Brayton cycle. 

 

(a) Magnetization: when magnetic field applied in MCM, the MCM temperature increases 

(b) Fluid flow from cold to hot: when HTF passes from cold to hot side of regenerator heat is transferred from 

MCM to HTF and temperature of MCM decreases 

(c) Demagnetization: when magnetic field is removed from MCM, its temperature decreases 
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(d) Fluid flow from hot to cold: when HTF passes from hot to cold side of the regenerator heat is transferred 

from HTF to MCM and the temperature of the MCM increases 

 

Figure 1: Schematics of the four basic operational phases of the AMRRC (Kitanovski, 2015) 

 

Numerous thermodynamic models for AMRRC have been developed. Most of these models focus on steady-state 

conditions, and are concerned with optimum regenerator design. Consequently, heat transfer between MCM and HTF 

during no flow periods is neglected. 1D porous and parallel plate regenerator models have been used to investigate 

the effect of HTF mass flow rate, as well as rotational frequency and volume of regenerator on the performance of the 

magnetic refrigeration cycle (Engelbrecht, 2004). 1D and 2D models are compared by Petersen et al. (2013). Their 

paper concluded that although a 1D model can predict overall results, a 2D model is required to study detailed 

characteristics of the AMRRC. The purpose of this paper is to add to this investigation by comparing thermodynamic 

models with and without heat transfer during no flow periods, which are considered parasitic losses in magnetic 

refrigeration cycle. Additional inherent parasitic loss due to temperature differences required to heat or cool the 

magnetic regenerator and heat transfer fluid during cyclic heating and cooling has been calculated. The tool developed 

is a transient 1D model which can be used to optimize heat exchangers of AMRRC. 

 

2. NUMERICAL MODEL 
 

Figure 2 shows the schematic of the modeled magnetic refrigeration cycle. The system consists of a rotating 

regenerator bed, two heat exchangers and a permanent magnet. The regenerator is made of six individual regenerator 

beds which are filled with spherical MCM through which heat transfer fluid passes. The packed-sphere regenerator is 

magnetized and demagnetized repeatedly by rotating into and out of a magnetic field caused by a stationary permanent 

magnet. The performance of this cycle using 2 Tesla of magnetic field is investigated using 1D modeling. Reservoir 

tanks are added between the regenerator and the heat exchangers to improve numerical stability of the simulation 

model.  

Figure 3 displays the adiabatic temperature change and specific heat capacity during magnetization for gadolinium 

MCM (Tishin et al., 1999, Aprea et al., 2013). These values serve as modeling inputs through polynomial equations 

to reduce computational time.  

 

 
Figure 2: Schematic of modeled magnetic refrigeration cycle 



 

 2156, Page 3 
 

17th International Refrigeration and Air Conditioning Conference at Purdue, July 9-12, 2018 

                   
                                         (a)                                                                                   (b) 

Figure 3: (a) Adiabatic temperature change during magnetization (Tishin et al., 1999)  

and (b) specific heat capacity for gadolinium (Aprea et al., 2013)  

 

2.1 Energy balance of regenerator bed  

 

The energy balance of the HTF in the regenerator is shown in Figure 4 and Equation (1). 

 

 
Figure 4: Energy balance of HTF in regenerator 

 
𝑁𝑢∙𝑘𝑓

𝑑ℎ
𝑎𝑠𝐴𝑐  (𝑇𝑚𝑐𝑚 − 𝑇𝑓2)𝑑𝑥 = 𝑚̇𝑓 ∙ 𝑐𝑓 ∙ (𝑇𝑓2 − 𝑇𝑓1) + 𝑚𝑓 ∙ 𝑐𝑓 ∙

𝑑𝑇𝑓2

𝑑𝑡
− |

𝜕𝑝

𝜕𝑥

𝑚̇𝑓

𝜌𝑓
| 𝑑𝑥                         (1) 

 

The energy balance of spherical MCM used in the regenerator is shown in Figure 5 and Equation (2).  

 

 
Figure 5: Energy balance of MCM used in regenerator 

 
𝑁𝑢∙𝑘𝑓

𝑑ℎ
𝑎𝑠𝐴𝑐  (𝑇𝑓2 − 𝑇𝑚𝑐𝑚)𝑑𝑥 = 𝑚𝑚𝑐𝑚 ∙ 𝑐𝑚𝑐𝑚 ∙

𝑑𝑇𝑚𝑐𝑚

𝑑𝑡
- 𝑘𝑒𝑓𝑓𝐴𝑐

𝜕2𝑇𝑚𝑐𝑚

𝜕𝑥2 𝑑𝑥                    (2) 

 

The axial conduction within the HTF is neglected in Equation (1). However, axial conduction is considered in Equation 

(2) using effective conductivity because of the HTF’s high thermal conductivity (Engelbrecht, 2008). The second term 

on the right side of Equation (1) represents the specific heat capacity of the HTF. This term is used to account for heat 

transfer between MCM and HTF and the effect of the loss on system performance during no flow periods.  
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The magnetic work transfer to MCM is not considered in Equation (2). Instead, the magnetic work results in an 

adiabatic temperature increase of the MCM during magnetization and an adiabatic temperature decrease during 

demagnetization. These processes are shown in Figure 6.  

 

For magnetization process:  

𝑇𝑚𝑐𝑚,𝑚𝑎𝑔,𝑖 = 𝑇𝑚𝑐𝑚,𝑑𝑒𝑚,𝑓 + ∆𝑇𝑚𝑎𝑔(𝑇𝑚𝑐𝑚,𝑑𝑒𝑚,𝑓𝑖)                                                   (3) 

For demagnetization process: 

𝑇𝑚𝑐𝑚,𝑑𝑒𝑚,𝑖 = 𝑇𝑚𝑐𝑚,𝑚𝑎𝑔,𝑓 + ∆𝑇𝑑𝑒𝑚(𝑇𝑚𝑐𝑚,𝑚𝑎𝑔,𝑓𝑖)                                                         (4) 

 

 
Figure 6: Calculation of magnetic work transfer 

 

2.2 Heat transfer coefficient between MCM & HTF 

 

The Biot number of the regenerator is larger than 0.1, so there is a significant temperature gradient between the center 

and the outer surface of the MCM. The heat transfer coefficient should be corrected according to Equation (5), because 

heat conduction in the MCM cannot be neglected (Dixon and Cresswell, 1979). The specific surface area 𝑎𝑠  is 

calculated according to Equation (6) and h* can be calculated using Equation (7) (Dixon & Cresswell, 1979). 

 

ℎ = 𝑎𝑠ℎ∗                                                                                  (5) 

 

𝑎𝑠 =  
6(1−𝜀)

𝐷ℎ
                                                                (6) 

1

ℎ∗
=

𝑑ℎ

𝑁𝑢𝑓𝑘𝑓
+

𝑑ℎ

𝛽𝑘𝑠
                                                                        (7) 

 

where 𝛽 = 10 (spherical shape) and an empirical correlation for the Nusselt number in a packed-sphere bed is used 

according to Equation (8) (Wakao & Kaguei, 1982) 

 

𝑁𝑢𝑓 = 2.0 + 1.1𝑃𝑟1/3𝑅𝑒0.6                                                                  (8) 

 

2.3 Heat exchanger model  

 

Heat exchangers are simulated by the 𝜀-NTU method. As already mentioned, reservoir tanks are located between the 

regenerator and the heat exchangers for the purpose of improving numerical stability. The reservoir (reservoir 1) 

located in the downstream part of the regenerator is included in the magnetization calculation process and its 

temperature varies as time progresses. The final temperature of the reservoir (𝑇𝑟𝑒𝑠,1(𝜏)) serves as an input to the post-

magnetization process to calculate the heating capacity and the outlet temperature of the heat exchanger (𝑇𝑜𝑢𝑡)  which 

is constant as shown in Figure 7 (𝜏 is the time period of magnetization). 

Outlet temperature of reservoir downstream of heat exchanger (𝑇𝑟𝑒𝑠,2(𝜏)) calculated by Equation (9) which is utilized 

as fluid temperature entering hot side of regenerator for demagnetization process and same process is applied into 

demagnetization and post-demagnetization process.  

𝑇𝑟𝑒𝑠2(𝜏) = 𝑇𝑜𝑢𝑡 + (𝑇𝑟𝑒𝑠2, 𝑖 − 𝑇𝑜𝑢𝑡) × 𝑒(−
𝑚̇

𝑀
×𝜏)

                                                 (9) 



 

 2156, Page 5 
 

17th International Refrigeration and Air Conditioning Conference at Purdue, July 9-12, 2018 

 
Figure 7: Calculation of temperature of reservoir tanks and heating capacity of heat exchanger 

 

2.4 Coefficient of performance (COP)  

 

COP is calculated using below equation. 

𝐶𝑂𝑃 =
𝑄̇𝑐

𝑊̇
                                                                                     (10) 

Where  

𝑄̇ℎ = ∫ 𝑚̇ 𝑐𝑝(𝑇𝑚𝑐𝑚,𝑜𝑢𝑡𝑙𝑒𝑡 − 𝑇𝑚𝑐𝑚,𝑖𝑛𝑙𝑒𝑡)                                                        (11) 

𝑄̇𝑐 = ∫ 𝑚̇ 𝑐𝑝(𝑇𝑚𝑐𝑚,𝑜𝑢𝑡𝑙𝑒𝑡 − 𝑇𝑚𝑐𝑚,𝑖𝑛𝑙𝑒𝑡)                                                        (12) 

𝑊̇ = 𝑄̇ℎ + 𝑄̇𝑐                                                                            (13) 

 

3. RESULTS AND DISCUSSION 
 

3.1 Convergence along spatial steps 

 
Table 1 shows the system parameters used in the AMRRC model. These parameters are same as Engelbrecht (2008). 

Table 2 shows COP as a function of the number of spatial steps. It is observed that simulations using more than 40 

spatial steps (m) result within 95% of the COP achieved with m=110. Therefore, the simulations carried out for this 

study generally used 60 spatial steps to both address convergence and computation speed. 

 

Table 1: System parameters for model inputs (Engelbrecht, 2008) 

Parameter Value Parameter Value 

Maximum applied field 1.5 Tesla Heat transfer fluid Water 

Cold air flow rate 0.57 kg/s Fluid mass flow rate 1.4 kg/s 

Hot air flow rate 1.42 kg/s Period 0.2 s (5 Hz) 

Cold heat exchanger UA 0.880 kW/K Sphere size for packing 0.2 mm 

Hot heat exchanger UA 1.430 kW/K Cycle time 0.4 s 

Regenerator volume 10 L Regenerator type Packed sphere 

 

Table 2: COP as a function of number of spatial steps 

Spatial 

variable (m) 
COP 

𝑪𝑶𝑷/𝑪𝑶𝑷𝟏𝟏𝟎  

(%) 

𝑾̇𝒊𝒏𝒑𝒖𝒕 

(kW) 

𝑸̇𝒄𝒐𝒐𝒍𝒊𝒏𝒈 

(kW) 

𝑸̇𝒉𝒆𝒂𝒕𝒊𝒏𝒈 

(kW) 

𝑻𝒓𝒆𝒔𝒆𝒓𝒗𝒐𝒊𝒓,𝒉𝒐𝒕 

(°C) 

𝑻𝒓𝒆𝒔𝒆𝒓𝒗𝒐𝒊𝒓,𝒄𝒐𝒍𝒅 

(°C) 

40 18.0 95.0 0.88 3.12 6.38 34.4 19.7 

50 18.1 95.5 0.92 3.25 6.68 34.8 19.4 

60 18.2 96.1 0.94 3.35 6.92 35.1 19.2 

70 18.1 95.4 0.97 3.43 7.09 35.3 19.0 

80 18.5 97.6 0.97 3.51 7.23 35.5 18.8 

90 18.9 99.5 0.97 3.58 7.35 35.6 18.7 

100 18.6 98.0 1.00 3.63 7.44 35.7 18.5 

110 19.0 - 1.00 3.70 7.50 35.8 18.4 
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3.2 Time convergence 

 
COP as a function of number of spatial steps is shown in Figure 8. It has been observed that simulations with more 

than 300 cycles converge to within 95% of the COP achieved with 1000 cycles. Therefore, it is assumed that the model 

after 300 cycles reaches steady-state, unless otherwise mentioned.  For steady-state operation the temperature gradient 

of the MCM along the length of the regenerator is given in Figure 9. The temperatures of the hot and cold reservoir 

tanks are 37.5°C and 18.9°C, respectively and the heating and cooling capacities are 8.93kW and 3.48kW, 

respectively. These results differ slightly from those of Engelbrecht (2008) because of using different values for 

adiabatic temperature change and specific heat capacity of the MCM and heat capacities of the fluid reservoirs. 

 

 
Figure 8: Convergence as a function of number of cycles 

 

 
Figure 9: Temperature gradient of the MCM along the length of regenerator 

 

3.3 Comparison of models with and without heat transfer during no flow period 
 

This paper uses the model without heat transfer during no flow period, which is not a real situation in AMRRC but 

ideal one to simplify the model. The AMRRC in reality includes no flow periods before and after mass flow period in 

magnetization and demagnetization processes. The model with heat transfer is compared with the model without heat 

transfer during no flow period. For this comparison, the initial temperature of the MCM is given as having temperature 

gradient from 25°C on the cold side to 40°C on the hot side. The initial temperature of HTF is given as having 

temperature gradient from 20°C on the cold side to 35°C on the hot side. The initial temperatures of the hot and cold 

reservoir tanks are assumed to be 38°C and 18°C, respectively. Temperature change of the hot and cold sides of the 

MCM and HTF after one cycle are shown in Figure 10 and Table 3. According to this comparison, there is no 

significant difference between these models. The difference of heat transfer between these models is only 0.2 ~ 0.3 

%. This is because the heat transfer between MCM and HTF is very fast, so heat transfer during no flow period cannot 

make big difference. 
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(a) MCM temperature w/ heat transfer  (b) MCM temperature w/o heat transfer 

 
(c) HTF temperature w/ heat transfer  (d) HTF temperature w/o heat transfer 

Figure 10: Temperature change in hot and cold sides of MCM and HTF 

 

Table 3: Temperature changes in hot and cold sides of MCM and HTF 

MCM Temp. 
w/ heat transfer w/o heat transfer 

Mag. Dem. Mag. Dem. 

Time 0.0 0.2 0.4 0.6 0.6 0.8 1.0 1.2 0.0 0.2 0.2 0.4 

Flow - 
No 

flow 

Mass 

flow 

No 

flow 
- 

No 

flow 

Mass 

flow 

No 

flow 
- 

Mass 

flow 
- 

Mass 

flow 

Temp. 
Hot 39.75 36.68 35.92 35.91 30.74 34.02 37.69 37.69 39.75 35.92 30.75 37.69 

Cold 25.00 22.11 18.28 18.28 14.24 16.57 18.79 18.81 25.00 18.29 14.25 18.79 

HTF Temp. 
w/ heat transfer w/o heat transfer 

Mag. Dem. Mag. Dem. 

Time 0.0 0.2 0.4 0.6 0.6 0.8 1.0 1.2 0.0 0.2 0.2 0.4 

Flow - 
No 

flow 

Mass 

flow 

No 

flow 
- 

No 

flow 

Mass 

flow 

No 

flow 
- 

Mass 

flow 
- 

Mass 

flow 

Temp. 
Hot 34.75 36.68 35.91 35.91 35.91 34.02 37.70 37.69 34.75 35.91 35.91 37.70 

Cold 20.00 22.11 18.27 18.28 18.28 16.57 18.81 18.81 20.00 18.27 18.27 18.82 

 

3.4 Parasitic losses by cyclic heating and cooling 

 
There are inherent parasitic losses due to cyclic heating and cooling in AMRRC. In other words, some energy is 

required to heat the initially cold MCM and HTF during the magnetization process and to cool the initially hot MCM 

and HTF during the demagnetization process. These losses are the big difference between these solid-state 
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refrigeration systems in which the temperature of regenerator beds continuously change and conventional vapor 

compression cycles in which the temperature at each component inlet and outlet stays constant in steady-state. Table 

4 represents the energy transfer in the regenerator, power input to the system and cooling and heating capacities of the 

system during one cycle in steady state. The values ①, ② and ③ show the energy transfer between magnetic field 

and MCM, between MCM and HTF and between HTF and the heat exchangers, respectively. Equations (14) and (15) 

represent the energies required to heat or cool MCM and HTF, respectively, due to the thermal capacitance of the 

component during cyclic heating and cooling. Because of these parasitic losses the COP of the AMRRC system 

significantly drops from 46.1 to 18.2. However, these losses can be decreased by optimizing the system. Figure 11 

shows the temperature change of MCM during magnetization and demagnetization process and Figure 12 shows the 

temperature change of HTF during fluid flow process. 

 

Energy stored in MCM due to cyclic heating and cooling = ① - ② = 12.4kJ                            (14) 

Energy stored in HTF due to cyclic heating and cooling = ② - ③ = 18.3kJ                             (15) 

 

Table 4: Energy transfer in regenerator, power input and cooling and heating capacity 

① Magnetic E ↔ 

MCM (kJ) 

② Heat transfer 

MCM ↔ HTF (kJ) 

③ Heat transfer 

HTF  HX (kJ) 𝑊𝑖𝑛𝑝𝑢𝑡 

 (kJ) 

𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔 

 (kJ) 

𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔 

 (kJ) 
𝑄𝑀𝐸→𝑀𝐶𝑀 𝑄𝑀𝐶𝑀→𝑀𝐸 𝑄𝑀𝐶𝑀→𝐻𝑇𝐹 𝑄𝐻𝑇𝐹→𝑀𝐶𝑀 𝑄ℎ 𝑄𝑐 

51.8 50.7 39.4 38.3 21.1 20.0 1.10 0.70 1.80 

 

 
Figure 11: Temperature change of MCM during (a) magnetization and (b) demagnetization process 

 

 
Figure 12: Temperature change of HTF during fluid flow (a) from cold to hot and (b) from hot to cold 

 

3.5 Optimization of heat exchangers in AMRRC 

 
In AMRRC system, the performance of the heat exchangers has impact on the performance of the system. If 𝑈𝐴𝑐 goes 

up, the cooling capacity will increase but the temperature of HTF returning to the regenerator on the cold side will 
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also increase, which causes a decrease in the system performance, and vice versa. Tables 5 and 6 show COP, 𝑄̇𝑐, 𝑄̇ℎ, 

𝑄̇𝑐𝑜𝑜𝑙𝑖𝑛𝑔, 𝑄̇ℎ𝑒𝑎𝑡𝑖𝑛𝑔, 𝑇𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟,ℎ𝑜𝑡, and 𝑇𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟,𝑐𝑜𝑙𝑑  as a function of 𝑈𝐴𝑐 and 𝑈𝐴ℎ, respectively. According to Table 

5, as 𝑈𝐴𝑐 goes up, the COP increases because of an increase in the cooling capacity. However, after 𝑈𝐴𝑐 reaches 2.9 

kW/K, it has little effect on the performance of the system. According to Table 6, as 𝑈𝐴ℎ  goes down, the COP 

increases because of a decrease in heating capacity and 𝑊̇𝑖𝑛𝑝𝑢𝑡. However, on the system level 𝑊̇𝑖𝑛𝑝𝑢𝑡 increases after 

𝑈𝐴ℎ reaches 2.4 kW/K although the cooling capacity is same. This is because lower 𝑈𝐴ℎ causes an increase in the 

temperature of the regenerator on the hot side, thereby increasing the heating capacity. On the system level, there is 

an optimum COP near 𝑈𝐴ℎ of 2.4 kW/K. 

 

Table 5: AMRRC performance results as a function of 𝑈𝐴𝑐 (after 2000 cycles) 

𝑼𝑨𝒄 

(kW/K) 
COP 

𝑾̇𝒊𝒏𝒑𝒖𝒕 

(kW) 

𝑸̇𝒄 

(kW) 

𝑸̇𝒉 

(kW) 

𝑸̇𝒄𝒐𝒐𝒍𝒊𝒏𝒈 

(kW) 

𝑸̇𝒉𝒆𝒂𝒕𝒊𝒏𝒈 

(kW) 

𝑻𝒓𝒆𝒔𝒆𝒓𝒗𝒐𝒊𝒓,𝒉𝒐𝒕 

(°C) 

𝑻𝒓𝒆𝒔𝒆𝒓𝒗𝒐𝒊𝒓,𝒄𝒐𝒍𝒅 

(°C) 

0.4 15.5 6.9 106.1 113.0 2.35 9.22 37.8 18.1 

0.9 17.7 5.7 101.8 107.5 3.48 9.23 37.8 18.9 

1.9 19.9 5.0 99.3 104.3 4.14 9.15 37.7 19.1 

2.9 20.4 4.8 98.9 103.8 4.28 9.15 37.7 19.3 

3.9 20.5 4.8 98.8 103.6 4.31 9.15 37.7 19.3 

6.9 20.6 4.8 98.8 103.6 4.32 9.15 37.7 19.3 

9.9 20.6 4.8 98.8 103.6 4.32 9.15 37.7 19.3 

14.9 20.6 4.8 98.8 103.6 4.32 9.15 37.7 19.3 

 

Table 6: AMRRC performance results as a function of 𝑈𝐴ℎ (after 2000 cycles) 

𝑼𝑨𝒉 

(kW/K) 
COP 

𝑾̇𝒊𝒏𝒑𝒖𝒕 

(kW) 

𝑸̇𝒄 

(kW) 

𝑸̇𝒉 

(kW) 

𝑸̇𝒄𝒐𝒐𝒍𝒊𝒏𝒈 

(kW) 

𝑸̇𝒉𝒆𝒂𝒕𝒊𝒏𝒈 

(kW) 

𝑻𝒓𝒆𝒔𝒆𝒓𝒗𝒐𝒊𝒓,𝒉𝒐𝒕 

(°C) 

𝑻𝒓𝒆𝒔𝒆𝒓𝒗𝒐𝒊𝒓,𝒄𝒐𝒍𝒅 

(°C) 

1.4 17.7 5.7 101.8 107.5 3.48 9.23 37.8 18.9 

2.4 15.8 5.4 86.1 91.6 3.48 8.96 35.1 18.9 

3.4 14.7 5.5 81.1 86.6 3.48 9.01 34.3 18.9 

4.4 14.2 5.5 78.7 84.3 3.48 9.05 33.9 18.9 

9.4 13.5 5.6 75.6 81.2 3.48 9.12 33.4 18.9 

14.4 13.4 5.6 75.2 80.8 3.48 9.13 33.3 18.9 

 

6. CONCLUSIONS 
 

This paper focuses on comparing different AMRRC models with and without heat transfer during the no flow period, 

which is a parasitic loss of the magnetic refrigeration cycle. It also investigates the effect of the energy required to 

heat or cool MCM and HTF due to the thermal capacitance of the component during cyclic heating and cooling on 

performance of the AMRRC system. A transient 1D model has been developed for these simulations. The model has 

also been used to optimize the heat exchangers of this particular AMRRC. 

 

• It has been found that there is no significant difference in results between models with and without heat 

transfer during no flow period. The difference of heat transfer between these models is only 0.2 ~ 0.3 %. 

• The COP of the AMRRC system significantly drops from 46.1 to 18.2 due to inherent parasitic losses by 

cyclic heating and cooling. However, these values can decrease by optimizing the AMRRC system. 

• Under the conditions of Table 1, as the 𝑈𝐴𝑐  goes up, the COP and cooling capacity increase. However, 

beyond a 𝑈𝐴𝑐 of 2.9 kW/K, it has little effect on the performance of system. In addition, as 𝑈𝐴ℎ goes down, 

the COP increases. However, there is an optimum COP near a 𝑈𝐴ℎ of 2.4 kW/K on the system level. 

 

NOMENCLATURE 
 

The nomenclature should be located at the end of the text using the following format:   

𝑁𝑢 Nusselt number (-) 

𝑅𝑒 Reynolds number (-) 

𝑃𝑟 Prandtl number (-) 
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𝑘 thermal conductivity (W/m-K)   

𝑑ℎ hydraulic diameter (m) 

𝑎𝑠 specific surface area (𝑚−1) 

𝐴𝑐 cross-sectional area (𝑚2) 

𝑇 temperature (K) 

𝑚̇ mass flow rate (kg/s) 

M mass of reservoir tank (kg) 

𝑐 specific heat capacity (J/kg-K) 

𝜌 density (kg/𝑚3) 

𝑄̇ heat transfer rate (W) 

𝑊̇ work rate (W) 

AMRRC active magnetic regenerative refrigeration cycle  

MCM magnetocaloric material 

HTF heat transfer fluid 

COP coefficient of performance  

 

Subscript   

f heat transfer fluid 

mcm magnetocaloric material 

eff effective conductivity 

mag magnetization 

dem demagnetization 

i  initial 

fi final 

res reservoir tank 
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