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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 | Designed air | Relative
conditioner | conditioner |change

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 523 523.5 +0.096%

5 (kPa)

§ Outlet temperature of 5.1 5.0 -0.1

@ outdoor °C

§ Superheat °C 34 33 -0.1

< OQutlet pressure of 1860 1865 +5

§ compressor (kPa)

= OQutlet temperature of 36.4 36.6 +0.2
indoor °C
Subcooling °C) 7.60 7.58 -0.02
Ccop 3.12 3.11 -0.32%
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 634 632 -0.32%

s (kPa)

£ Outlet temperature of 133 13.1 -0.2

§ outdoor °C

;',1 Superheat °C 5.7 5.6 -0.1

§ Outlet pressure of 1870 1860 -10

Y compressor (kPa)

§ Outlet temperature of 83.5 83.2 -0.3

= compressor °C
Subcooling °C 9.2 9.5 +0.3
Outlet temperature of 39.0 383 -0.7
outdoor °C
EER 2.96 2.97 +0.3%

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

Prototype air | Designed air | Relative
conditioner | conditioner |change

Fin pitch of indoor (mm) 1.50 1.30 +13.33%
Fin area of indoor (m?) 2716 2424 -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 (m?2) 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.
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Figure 18: Tube circuitries of designed Plan B
Table 26: System simulation result for designed Plan B

Prototype air | Designed air | Relative
conditioner | conditioner |change

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 523 553 +5.7%

S (kPa)

£ Outlet temperature of

-}

§ outdoor °C 5.1 6.3 +1.2

2 Superheat °C 34 35 +0.1

® Outlet pressure of

% compressor (kPa) 1860 1895 35

(7]

T Outlet tempfrature of 778 786 408

S compressor °C
Qutlet toemperature of 364 367 +02
indoor °C
Subcooling °C) 7.60 7.50 -0.10
Ccop 3.12 3.18 +1.9%
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 634 631 -05%

S (kPa)

£ Outlet temperature of

=] y

E outdoor °C 13.3 13.0 0.3

v

@ Superheat °C 5.7 5.5 -0.2

S Outlet pressure of

§ compressor (kPa) 1870 1800 70

(7]

'g Outlet tempoerature of 835 810 25
compressor °C
Subcooling °C 39.0 36.9 -2.1
Qutlet toemperature of 92 96 +04
indoor °C
EER 2.96 3.05 +3.0%

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

Prototype air (Designed air |Relative
conditioner |conditioner  [change

Fin pitch of indoor (mm) 1.50 1.30 +13.33%
Fin area of indoor (m2) 2716 2424 -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 (m?) 6.738 10.945 +62.43%
U tube length of outdoor (m) 36.72 59.67 +62.50%
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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.
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Figure 19: Tube circuitries of designed Plan C
Table 28: System simulation result for designed Plan C

Prototype air | Designed air | Relative
conditioner | conditioner |change

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

[ 0,

S (kPa) 523 553 +5.7%

E

g oOutIet temperature of outdoor 51 63 +12

o °C

.g Superheat °C 34 3.5 +0.1

[

o Outlet pressure of compressor 1860 1810 50

5 (kPa)

T

£ Outlet tempoerature of 778 765 13
compressor °C
Outlet temperature of indoor °C  7.60 7.52 -0.08
Subcooling °C) 36.4 35.1 -13
CcopP 3.12 3.28 +5.1%
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%

_§ (Cl)(t;':)et pressure of outdoor 634 656 +3.5%

E

S Outlet temperature of outdoor °C 13.3 13.0 -0.3

;-'s Superheat °C 5.7 42 -1.5

s Outlet pressure of compressor 1870 1800 70

S (kPa)

(7]

g Outlet temp:erature of 835 78 53

> compressor °C
Subcooling °C) 9.2 924 +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 29: Comparison of tube and fin consumption in designed Plan C
Prototype air |Designed air |Relative
conditioner |conditioner |change

Fin pitch of indoor (mm) 1.50 1.20 +20.00%
Fin area of indoor (m?2) 2716 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 (m?) 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 | Designed air | Relative
conditioner |conditioner |change

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

g Superheat °C 34 35 +0.1

o

:é El)(gzl)et pressure of compressor 1860 1800 60

-g Outlet temperature of 778 763 15

S compressor °C
Outlet temperature of indoor °C ~ 7.60 7.52 -0.08
Subcooling °C) 36.4 35.1 -13
Ccop 3.12 3.19 +2.2%
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

g Superheat °C 5.7 41 -1.6

o

g :l)(gzl)et pressure of compressor 1870 1860 10

% Outlet tempoerature of 835 802 33

S compressor °C
Subcooling °C 39.0 38.6 -04
Outlet temperature of indoor °C 9.2 9.2 0
EER 2.96 3.08 +4.1%

continued on page 70



continued from page 68

Table 31: Comparison of tube and fin consumpt[on in designed Plan D Table 32: System simulation result for designed air conditioner
_ PlanA PlanB PlanC PlanD Prototype
conditioner | conditioner | change . . 2 | 2w 8@y 8w | 2w
Fin pitch of indoor (mm) 1.50 1.20 +20.00% Type of indoor unit S5mm 5mm 5mm 5mm mm
Fin area of indoor (m?) 2716 4.390 +61.63% Jrow 3row 3row 2row 2row7

Type of outdoor unit

U tube length of indoor (m)  14.898 24.066 +61.54% 5mm 5mm 5mm 5mm mm
Fin pitch of outdoor (mm) 1.50 1.20 +20% Fin pitch of indoor (mm) 130 130 120 120  1.50
Fin area of outdoor (m?) 6.738 7.297 +8.30% Fin area of indoor (m?2) 2424 2424 4390 4390 2716
U tube length of outdoor (m) 36.72 39.78 +8.33% U tube length of indoor (m) 16.044 16.044 24066 24.066 14.898

Fin pitch of outdoor (mm) 130 120 120 120 150
outlet

= E
M @ § s Fin area of outdoor (m?2) 6.775 10.945 10.945 7.297 6.738
Ea patil 5 inlet outlet
< E 1S U tube length of outdoor (m) 39.78 59.67 59.67 39.78 36.72
B
2 g Heating capacity (W) 2855 2942 2967 2874 2857
ar i E ; o | 2 & Input power (W) 918 926 904 902 916
I 5 C ® Mass flow of
Q; e £ IS ] 1402 1481 1481 1398 1401
ﬁa 5 g refrigerant (g/s
S S Outlet pressure of
sa a patn3 :;J :: .g outdoor (kPa) 5235 553 553 521 523
J 2 ’ - OUEAEttegperat”re e |es |ew |2 |
Figure 20: Tube circuitries of designed Plan D ; It gelelels
- £ Superheat °C 3.3 3.5 35 35 34
Conclusion S
The results of all the system simulation plans for designed air ~ = Outlet pressure of 1865 1895 1810 1800 1860
", . . @ compressor (kPa)
conditioner with 5mm copper tube are shown in Table 32. °
S Outlet temperature of

o 781 786 765 763 778
compressor °C

OUBSENEEOET | oo foen om0 |0 (s

indoor °C
Subcooling °C 758 750 752 752 760
‘ cop 311 318 328 319 3.2
e Brass Ball Valve e wpe Cooling capacity (W) ~ 2551 2574 2659 2643 2549
: i it Input power (W) 860 842 842 859 862
LT e 1548 1548 1605 1615 1554
refrigerant (g/s)
[T ETEe 632 631 656 659 634
Dual Plate Airevent o outdoor (kPa)
Check Valve Valve =
. Dt T Outlet temperature of
uttarthy Vawe. Buttortly vawe  Butterfy valve R | o 131 130 130 130 133
CONTROL SYSTEM
£ superheat °C 56 55 42 41 57
o
o
$ Outletpressureof 000 1800 1800 1860 1870
.-. .g compressor (kPa)
'5% S Outlet temperature of
i

83.2 81.0 782  80.2 83.5

WA

compressor °C

Outlet temperature o~ 205 509 369 336 | 390

outdoor °C
Subcooling °C 9.5 960 940 920 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
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ey vam 5mm copper tube in outdoor unit, the system performance is
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