
66
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Copper Tube 

Heat Exchangers

Microgroove copper tube

Design of AC with 5 mm Tube Under Cooling 
and Heating Condition

The variable factors in the design of air conditioner with 5mm 
tube under cooling and heating condition contain three parts:
1)	 Tube circuitry, tube number, tube arrangement, fin type and 

fin pitch in indoor unit,
2)	 Tube circuitry, tube number, tube arrangement, fin type and 

fin pitch in outdoor unit, and
3)	 Capillary tube length and refrigeration charge.

The detailed contents are introduced as follows.
Plan A: AC with 2-Row Indoor Unit and 2-Row 
Outdoor Unit

The tube circuitry of the designed air conditioner with 2-row 
indoor unit and 2-row outdoor unit is shown in Figure 17(a) and (b). 

The system simulation result is shown in Table 24, and the 
comparison of fin and tube consumption between the designed air 
conditioner and the prototype air conditioner is shown in Table 25.

The heating capacity of the designed air conditioner decreases by 
0.32% while COP reduces to 3.11 from 3.12, and the cooling capacity 
of the designed air conditioner increases by 0.3% while EER reduces 
to 2.96 from 2.97 compared with the prototype air conditioner.
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Figure 17: Tube circuitries of designed Plan A
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Table 24: System simulation result for designed Plan A
Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Un
de

r h
ea

tin
g 

co
nd

iti
on

Heating capacity (W) 2857 2855 -0.07%
Input power (W) 916 918 +0.22%
Mass flow of refrigerant (g/s) 14.01 14.02 +0.07%
Outlet pressure of outdoor 
(kPa)

523 523.5 +0.096%

Outlet temperature of 
outdoor °C

5.1 5.0 -0.1

Superheat °C 3.4 3.3 -0.1
Outlet pressure of 
compressor (kPa)

1860 1865 +5

Outlet temperature of 
indoor °C

36.4 36.6 +0.2

Subcooling °C) 7.60 7.58 -0.02
COP 3.12 3.11 -0.32%

Un
de

r c
oo

lin
g 

co
nd

iti
on

Cooling capacity (W) 2549 2551 +0.08%
Input power (W) 862 860 -0.20%
Mass flow of refrigerant (g/s) 15.54 15.48 -0.39%
Outlet pressure of outdoor 
(kPa)

634 632 -0.32%

Outlet temperature of 
outdoor °C

13.3 13.1 -0.2

Superheat °C 5.7 5.6 -0.1
Outlet pressure of 
compressor (kPa)

1870 1860 -10

Outlet temperature of 
compressor °C

83.5 83.2 -0.3

Subcooling °C 9.2 9.5 +0.3
Outlet temperature of 
outdoor °C

39.0 38.3 -0.7

EER 2.96 2.97 +0.3%

Table 25: Comparison of tube and fin consumption in designed Plan A
Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Fin pitch of indoor (mm) 1.50 1.30 +13.33%
Fin area of indoor (m2) 2.716 2.424 -10.75%
U tube length of indoor (m) 14.898 16.044 +7.69%
Fin pitch of outdoor (mm) 1.50 1.20 +20%
Fin area of outdoor (m2) 6.738 7.297 +8.30%
U tube length of outdoor (m) 36.72 39.78 +8.33%

Plan B: AC with 2-Row Indoor Unit and 3-Row 
Outdoor Unit

The tube circuitry of the designed air conditioner with 2-row 
indoor unit and 3-row outdoor unit is shown in Figure 18 (a) and (b).

The system simulation result is shown in Table 26, and the 
comparison of fin and tube consumption between the designed air 
conditioner and the prototype air conditioner is shown in Table 27.

The heating capacity of the designed air conditioner increases 
by 1.9% while COP rises to 3.18 from 3.12, and the cooling 
capacity of the designed air conditioner increases by 3.0% while 
EER rises to 3.05 from 2.96 compared with the prototype air 
conditioner.

Table 26: System simulation result for designed Plan B
Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Un
de

r h
ea

tin
g 

co
nd

iti
on

Heating capacity (W) 2857 2942 +3.0%
Input power (W) 916 926  +1.1%
Mass flow of refrigerant (g/s) 14.01 14.81 +5.7%
Outlet pressure of outdoor 
(kPa) 523 553 +5.7%

Outlet temperature of 
outdoor °C 5.1 6.3 +1.2

Superheat °C 3.4 3.5 +0.1
Outlet pressure of 
compressor (kPa) 1860 1895 +35

Outlet temperature of 
compressor °C 77.8 78.6 +0.8

Outlet temperature of 
indoor °C 36.4 36.7 +0.2

Subcooling °C) 7.60 7.50 -0.10
COP 3.12 3.18 +1.9%

Un
de

r c
oo

lin
g 

co
nd

iti
on

Cooling capacity (W) 2549 2574 +1.0%
Input power (W) 862 842 -2.3%
Mass flow of refrigerant (g/s) 15.54 15.48 -0.4%
Outlet pressure of outdoor 
(kPa) 634 631 -0.5%

Outlet temperature of 
outdoor °C 13.3 13.0 -0.3

Superheat °C 5.7 5.5 -0.2
Outlet pressure of 
compressor (kPa) 1870 1800 -70

Outlet temperature of 
compressor °C 83.5 81.0 -2.5

Subcooling °C 39.0 36.9 -2.1
Outlet temperature of 
indoor °C 9.2 9.6 +0.4

EER 2.96 3.05 +3.0%

Table 27: Comparison of tube and fin consumption in designed Plan B
Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Fin pitch of indoor (mm) 1.50 1.30 +13.33%
Fin area of indoor (m2) 2.716 2.424 -10.75%
U tube length of indoor (m) 14.898 16.044 +7.69%
Fin pitch of outdoor (mm) 1.50 1.20 +20.00%
Fin area of outdoor (m2) 6.738 10.945 +62.43%
U tube length of outdoor (m) 36.72 59.67 +62.50%

Microgroove Copper Tube Heat Exchangers

Figure 18: Tube circuitries of designed Plan B
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Plan C: AC with 3-Row Indoor Unit and 3-Row 
Outdoor Unit

The tube circuitry of the designed air conditioner with 3-row 
indoor unit and 3-row outdoor unit is shown in Figure 19 (a) and (b).

The system simulation result is shown in Table 28, and the 
comparison of fin and tube consumption between the designed air 
conditioner and the prototype air conditioner is shown in Table 29.

The heating capacity of the designed air conditioner increases 
by 5.1% while COP rises to 3.28 from 3.12, and the cooling capacity 
of the designed air conditioner increases by 6.4% while EER rises to 
3.15 from 2.96 compared with that of the prototype air conditioner.

Table 29: Comparison of tube and fin consumption in designed Plan C
Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Fin pitch of indoor (mm) 1.50 1.20 +20.00%
Fin area of indoor (m2) 2.716 4.390 +61.63%
U tube length of indoor (m) 14.898 24.066 +61.54%
Fin pitch of outdoor (mm) 1.50 1.20 +20.00%
Fin area of outdoor (m2) 6.738 10.945 +62.43%

U tube length of outdoor (m) 36.72 59.67 +62.50%

Plan D: AC with 3-Row Indoor Unit and 2-Row 
Outdoor Unit

The tube circuitry of the designed air conditioner with 3-row 
indoor unit and 2 row-outdoor unit is shown as Figure 20(a) and (b).

The system simulation result is shown in Table 30, and the 
comparison of fin and tube consumption between the designed air 
conditioner and the prototype air conditioner is shown in Table 31.

The heating capacity of the designed air conditioner increases 
by 2.2% while COP rises to 3.19 from 3.12, and the cooling capacity 
of the designed air conditioner increases by 4.1% while EER 
rises to 3.08 from 2.96 compared with that of the prototype air 
conditioner.

Table 30: System simulation result for designed Plan D

Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Un
de

r h
ea

tin
g 

co
nd

iti
on

Heating capacity (W) 2857 2874 +0.6%

Input power (W) 916 902 -1.5%

Mass flow of refrigerant (g/s) 14.01 13.98 -0.21%

Outlet pressure of outdoor (kPa) 523 521 -0.24%

Outlet temperature of outdoor °C 5.1 5.2 +0.1

Superheat °C 3.4 3.5 +0.1

Outlet pressure of compressor 
(kPa) 1860 1800 -60

Outlet temperature of 
compressor °C 77.8 76.3 -1.5

Outlet temperature of indoor °C 7.60 7.52 -0.08

Subcooling °C) 36.4 35.1 -1.3

COP 3.12 3.19 +2.2%

Un
de

r c
oo

lin
g 

co
nd

iti
on

Cooling capacity (W) 2549 2643 +3.7%

Input power (W) 862 859 -0.3%

Mass flow of refrigerant (g/s) 15.54 16.15 +3.9%

Outlet pressure of outdoor (kPa) 634 659 +3.9%

Outlet temperature of outdoor °C 13.3 13.0 -0.3

Superheat °C 5.7 4.1 -1.6

Outlet pressure of compressor 
(kPa) 1870 1860 -10

Outlet temperature of 
compressor °C 83.5 80.2 -3.3

Subcooling °C 39.0 38.6 -0.4

Outlet temperature of indoor °C 9.2 9.2 0

EER 2.96 3.08 +4.1%

Figure 19: Tube circuitries of designed Plan C
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Table 28: System simulation result for designed Plan C
Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Un
de

r h
ea

tin
g 

co
nd

iti
on

Heating capacity (W) 2857 2967 +3.9%
Input power (W) 916 904 -1.3%
Mass flow of refrigerant (g/s) 14.01 14.81 +5.7%
Outlet pressure of outdoor 
(kPa) 523 553 +5.7%

Outlet temperature of outdoor 
°C 5.1 6.3 +1.2

Superheat °C 3.4 3.5 +0.1
Outlet pressure of compressor 
(kPa) 1860 1810 -50

Outlet temperature of 
compressor °C 77.8 76.5 -1.3

Outlet temperature of indoor °C 7.60 7.52 -0.08
Subcooling °C) 36.4 35.1 -1.3
COP 3.12 3.28 +5.1%

Un
de

r c
oo

lin
g 

co
nd

iti
on

Cooling capacity (W) 2549 2659 +4.3%
Input power (W) 862 842 -2.3%
Mass flow of refrigerant (g/s) 15.54 16.05 +3.2%
Outlet pressure of outdoor 
(kPa) 634 656 +3.5%

Outlet temperature of outdoor °C 13.3 13.0 -0.3
Superheat °C 5.7 4.2 -1.5
Outlet pressure of compressor 
(kPa) 1870 1800 -70

Outlet temperature of 
compressor °C 83.5 78.2 -5.3

Subcooling °C) 9.2 9.4 +0.2
Outlet temperature of indoor °C 39.0 36.9 -2.1
EER 2.96 3.15 +6.4%
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Table 31: Comparison of tube and fin consumption in designed Plan D
Prototype air 
conditioner

Designed air 
conditioner

Relative 
change

Fin pitch of indoor (mm) 1.50 1.20 +20.00%
Fin area of indoor (m2) 2.716 4.390 +61.63%
U tube length of indoor (m) 14.898 24.066 +61.54%
Fin pitch of outdoor (mm) 1.50 1.20 +20%
Fin area of outdoor (m2) 6.738 7.297 +8.30%

U tube length of outdoor (m) 36.72 39.78 +8.33%

Conclusion
The results of all the system simulation plans for designed air 

conditioner with 5mm copper tube are shown in Table 32. 

Table 32: System simulation result for designed air conditioner

Plan A Plan B Plan C Plan D Prototype

Type of indoor unit 2 row 
5 mm

2 row 
5 mm

3 row 
5 mm

3 row 
5 mm

2 row 7 
mm 

Type of outdoor unit 2 row 
5 mm

3 row 
5 mm

3 row 
5 mm

2 row 
5 mm

2 row 7 
mm 

Fin pitch of indoor (mm) 1.30 1.30 1.20 1.20 1.50

Fin area of indoor (m2) 2.424 2.424 4.390 4.390 2.716

U tube length of indoor (m) 16.044 16.044 24.066 24.066 14.898

Fin pitch of outdoor (mm) 1.30 1.20 1.20 1.20 1.50

Fin area of outdoor (m2) 6.775 10.945 10.945 7.297 6.738

U tube length of outdoor (m) 39.78 59.67 59.67 39.78 36.72

Un
de

r h
ea

tin
g 

co
nd

iti
on

Heating capacity (W) 2855 2942 2967 2874 2857

Input power (W) 918 926  904 902 916

Mass flow of 
refrigerant (g/s) 14.02 14.81 14.81 13.98 14.01

Outlet pressure of 
outdoor (kPa) 523.5 553 553 521 523

Outlet temperature of 
outdoor °C 5.0 6.3 6.3 5.2 5.1

Superheat °C 3.3 3.5 3.5 3.5 3.4

Outlet pressure of 
compressor (kPa) 1865 1895 1810 1800 1860

Outlet temperature of 
compressor °C 78.1 78.6 76.5 76.3 77.8

Outlet temperature of 
indoor °C 36.6 36.7 35.1 35.1 36.4

Subcooling °C 7.58 7.50 7.52 7.52 7.60

COP 3.11 3.18 3.28 3.19 3.12

Un
de

r c
oo

lin
g 

co
nd

iti
on

Cooling capacity (W) 2551 2574 2659 2643 2549

Input power (W) 860 842 842 859 862

Mass flow of 
refrigerant (g/s) 15.48 15.48 16.05 16.15 15.54

Outlet pressure of 
outdoor (kPa) 632 631 656 659 634

Outlet temperature of 
outdoor °C 13.1 13.0 13.0 13.0 13.3

Superheat °C 5.6 5.5 4.2 4.1 5.7

Outlet pressure of 
compressor (kPa) 1860 1800 1800 1860 1870

Outlet temperature of 
compressor °C 83.2 81.0 78.2 80.2 83.5

Outlet temperature of 
outdoor °C 38.3 36.9 36.9 38.6 39.0

Subcooling °C 9.5 9.60 9.40 9.20 9.20

EER 2.97 3.05 3.15 3.08 2.96

When using 2-row 5mm copper tube in indoor unit and 2-row 
5mm copper tube in outdoor unit, the system performance is 
similar to that of the prototype; and when the number of copper 
tubes in indoor or outdoor unit are increased, system performance 
is higher than the prototype.

Figure 20: Tube circuitries of designed Plan D
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