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Optimization of copper-tube
coils for energy-efficiency
and charge reduction in heat
pump water heaters
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Introduction

Historical trend

- 1960s
_1980s
20005

2000’s

2010’s
Small tube driving factors:

2020s
» Higher efficiency systems

» Refrigerant changes / Charge Reduction
« Material & labor costs
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5 . Refrigerant Higher .
ownsize Reduction Efficiency Cost Saving
15% 20% 10% 20%

5mm copper tube HX
enables size reduction

5mm copper tube HX enables refrigerant
charge reduction ‘

5mm tube allows for higher efficiency designs

Uses similar

process

Lower weight 5mm copper tube
means lower cost
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5mm OD copper tube technology used in China since 2010 for high
volume AC applications
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Immersion Wrap-around Hybrid

Optimize wrap-around designs using smaller-diameter copper tubes:

Location of tubes: Top, middle or bottom of tank
Spacing between tubes: 10mm, 15mm, 20mm
Copper tube diameters: 9.52mm, 7mm, 6.25mm, 5mm
Number of turns

W
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Modeling baseline:

= The enamel coating Parameters Value
@ &
Water.tank 192.78 L
© : capacity
| Wepwend | ol water
L. TSRS 14.77 C
~ temperature
Insulating layer :
Final water 55 33 C
temperature
18 Running time 170.2 min
® . Ec())r\lNerm tion 833 W
3 — 39 Turns Sumptio
; Heating capacity | 3207 W
~ COP 3.85
- Refrigerant R410A

8.5
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Small diameter Copper tube

Modeling baseline:

Copper tube: ’E.
e D-shape s
e /mm OD £
 Lateral: 39 turns TE

 Spacing: 10mm

Inside of the water tank

e Bottom: 8.5 turns

D-type copper pipe
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Modeling baseline results: Error is 1.8% up to the 45 minutes line.

&0

| | = Experimental test
55 L | =™ Numerical simulation

50

T

Temperature (°C)

o0 120 150 180

Time (minutes)

Conclusion: Simulation equations are adequate using Solidworks,
ICEM CFD and Fluent simulation software programs.
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Simulation Matrix Results
Variable  Heating time Variable Heating time
parameters (minutes) parameters (minutes)
Optimize ~ Upperpart 203 o0 tums 105
Location Middle part 176 Optimize Turns
(7 mm, 39 Turns) 5mm Diameter 70 turns 158
Lower part 167 10 mm Spacing
80 turns 152
5 mm 179
Optimize Spacing 10 mm 167 293
(7 mm, 39 Turns) 15 mm 152 31 turns
20 mm 160 Optimize Turns
7 mm Diameter 35 turns 176
25 mm 179 10 mm Spacing
Optimize diameter 39 turns 167
39 turns, @7 mm 167
10 mm spacing 43 turns 165
@9.52 mm 155

Conclusion:
Smaller diameter tubes with more turns results in faster heating.
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Simulation Matrix and Results

Fixed .Tube Gross weight | Heating time
Diameter Tube turns )
Parameter (kg) (minutes)
(mm)
9.52 39 9.06 155
7 39 3.33 167
10mm . 5 39 1.89 179
Tube spacing
5 60 2.60 165
5 80 3.28 152

Conclusion:
Less copper is used with 5 mm copper tube. Copper consumption is reduced

by 0.73 kg for 5 mm tube with 60 turns compared to 7 mm tube with 39 turns.
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Additional Simulation Results for 6.35 mm Tube Diameter

Turns Spacin Refrigerant

b g charge COP

(#) (mm)
(9)
35 20 900 3.73
35 20 850 3.70
35 15 900 3.65
35 15 850 3.64
35 10 850 3.66
43 15 1050 3.87
Conclusion:

COP can be increased slightly by increasing the refrigerant charge.
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Summary of Optimization Conclusions:

Heating rate is fastest for the following:

« 5mm OD Copper coil wrapped around the lower part of the tank.

« 5mm OD Copper tube spacing from 10 mm to 15 mm.

Smaller diameter tubes transfer more heat with less materials.
 Reduced cost for the same energy efficiency.

* Improved COP with the same amount of copper, .
» As the copper tube length increases, the COP also increases.

NEXT UP: Coil Design with HXSim 3.1
Available at no charge for qualified designers from the International Copper
Association
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HXSim Software

Software development supported by ICA to help manufacturers optimize designs
of heat exchanger coils using smaller diameter copper tubes.

More than 200 engineers use HXSim to optimize heat exchanger designs.
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Haier Hisense

M Nokeno oy

Evaporator design
Blue — cold inlet
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HXSim Capabilities

r
rTube diameter : A Heat Exchanger Types :
m5mm m 6.35Mmm m | type. L type. C type
®9.52mm wm4mm ® Multi-blocks
® Multi-diameter HX

Tl T
('— /mm £7.94mmJ‘ ' Q )
(Refrigerants ) /—\\ (Fin Types : )
E R410A = R22 . m Plate Fin
_ u R3? HXSIm

= ® Wavy Fi
§ N o Software o = navy =in

m R404A = R407C m Slit Fin

®m R134a ® ® Louver Fin

ml

\_. y, / \ \_ y,

(Operating h (Type: h
Systems: m Condenser
® Windows 10/8/7 ® Evaporator
L ) C"‘ Water coil )
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Haier AC Example: Use HXSim to Convert 7 mm R410A condenser
design to 5 mm R290 condenser design

Original _
Condenser New Design
7 mm OD 5 mm OD
R410A R290
L-Type L-Type

Yoram Shabtay, “Heat Exchanger Simulation Tools Help to Optimize the Use of Natural
Refrigerants with MicroGroove Smaller-Diameter Copper Tubes,” 2020 ATMOsphere
America Virtual Conference. Commercial Refrigeration Session, October 22, 2020.

https://drive.gooqgle.com/file/d/1Li-gCEbm-wr7SXGUOW 3AExL8HaOHVH4/view



https://drive.google.com/file/d/1Li-gCEbm-wr7SXGUOW_3AExL8Ha0HVH4/view

HXSim case study summary B - e manarer

Optimization results summary:

7 mm R410A converted to 5 mm R290

Tube Capacity Crl?::ée Ref. pd | Ref.pd | Cu Cu R?j.?(i:de
Original | 18FPI | 5415 | 1030 | 24.25 - 19 - 2243
7/mm R410A 52 46

condenser | tubes

Optimized | 18 FPI | 5436 150 | 25.88 | +6.7% | 14 | -23.7% 4330
5mm R290 52 84

condenser | tubes

Tabular or graphical simulation output provides
useful results including cost comparisons for tube
and fin materials.
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HXSim simulation examples

Eite Qtan Degun Guwudeties FEECES
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Fuenport angle: U s beighl 200 Flocka (1:0) T

L-Type Block:

Design (top)

Result (bottom) I-Type Block (top)
C-Type Block (bottom)
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HXSim contains tube correlations for a wide variety of tube
diameters and internal surface enhancements. Block type,
dimensions, tube type, fin type and refrigerant are easily selectable
through the graphical user interface.

Tubes

tubes I
—5et waluez of the selected tubes
Tube type Im Below space 21 mm i
_Update | “I
Bolow -
Fow | Column Type Mame Below space(mm) »~ sp:'u: s
1 1 Enhanced | Etubeg5.00 5.25 e
1 2 Enhanced | Etubeg5.00 21.00
1 3 Enhanced | Etubew5.00 21.00
1 4 Enhanced | Etubewp5.00 21.00
. : Enhanced | Etube5.00 2 Parameters of the sample:
1 & Enhanced | Etubep5.00 21.00 Row] Column| - | Below Space
1 7 Smooth [ =R 21.00 : ; - E;
1 8 Smooth [EEIENERLE 21.00 1 3 C3
. " T Y 34 nn Y 1 + C4
< >

0K | Cancel
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HPWH Evaporator design example: Blue — cold inlet

B ' Result = O hod
File View

Blockl

Cutlet
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Small diameter copper tube offers many advantages and options.

HXSim Software is offered at no charge to qualified heat exchanger
designers, courtesy of ICA

The ICA has arranged with Shanghai Jiao Tong University to provide full
working version of HXSim 3.1 free of charge to qualified designers.

Process:

 Download HXSim.msi from microgroove.net and run it.
« Send software ID via email to yyli@craheta.org.

* Recelve the registration code within 1-2 days.

* Input the registration code and finish the installation.

* Begin designs and simulations.

SJTU asks only for your name, company and email. ICA is open to
partnerships and has the ability to produce prototypes in China at
minimal cost.

...Much more on www.microgroove.net

Thank you!


http://www.microgroove.net/

Fin Type
Fin hdaterial
Fin Spacing [mm]
Fin Thinkness [mm]
Tube Type
Tube hMaterial
Tube Dimension [mm]
Holes
F oz
Tube Yerical Space [mm]
Tube Harizantal Space [mm]
Header In [mm]

AIR SIDE
AirInlet DB. Temp. [j3C]
Relative Humidity %
Air Qutlet DB, Temp. [j3C)
Relative Humidity %
Air Flowe [m2dh]
Air hazs Flow ligfh]
Frontal Welocity [mis]
Air Pressure Drap [Fa]
Atmospheric Pressure [kF a]
Air Side H.T.C. [Wifm2™ ]

Total Capacity [K]

Carrugated
Aluminum
1.40
0.105
Groowed
Copper
70070237010
26
2
19.05
16.50
a5

35.0
d0.3
d4.0
24.8
1889.5
2426.9
1.3
226
10132
FE.Fa0

5415

HXSim simulation results: R410A
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COIL SIDE

MHilized Tubes
Non Wilized Tubes
Circuits

Tubes Per Circuit
Cail Length [mm]
Cail Depth [mm]
Cail Height [mm]
Outerfrea [m2]
Innerfrea [m2)
Coil Face Area [m2]
Inner Yolume [L]

Header Out [mm]

Refrigerant

Discharge Superheat [jAC)
Condenser Temp.[jaC)
Subcooling [jAC)

hlazz Flow [kgth]

FPreszure Drop [KFa]
Qutlet Pressure [kF a]

Ref. Charge [kqg]

Ref. Side H.T.C. DmZ™K]

CAPACITY

—

}

52

2G.00
202.95
23.00
40530
17.752
0.226
0.1
1.444
2.5

REFRIZERANT SIDE

Ra104
25.840
3.1

4049
95.0
294257
2066 900
1.03
2243803




HXSim Simulation results: R290 m:_

Fin Type
Fin haterial
Fin Spacing [mm]
Fin Thinkness [mm]
Tube Type
Tube haterial
Tube Dimension [mm]
Holes
R o
Tube Verical Space [mm])
Tube Horizontal Space [mm]
Hezader In [mm]

AlR SIDE
AirInlet DB, Temp. [j3C]
Felative Humidity %
Air Dutlet DB. Temp. [j3C]
Felative Humidity %
Air Flowe [mi3fh]
Air Mass Flow [kgfh)
Frontal Welocity [mas]
Air Pressure Drop [Fa]
Atmospheric Pressure kP a]
Air Side H.T.C. [Ymz27K]

Total Capacity [k

Cormugated
Aluminum
1.40
0.105
Groowed
Copper
G.0070.2570.15
26
2
19.05
16.50
9.5

35.0
0.3
94,1
29.5
1903.0
2944 .2
1.3
21.0
101.3
T2.7a0

5436
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COIL SI0E
Utilized Tubes
Naon Milized Tubes
Circuits
Tubes Fer Circuit
Coil Length [mm]
Coil Depth [mm]
Cail Height [mm]
Cuter Area [m2]
InnerArea [m2]
Coil Face Area [m2]
Inner Walume [L]
Header Out [mm]

REFRIZERAMT SIDE

Fefrigerant ——r

Dizcharge Superheat [j3C]

Condenser Temp.[j3C]

Subecooling [[AC]

b azs Flowe [lkgrh]

Fressure Drop [WFa]

Cutlet Pressure kP a)

Fef. Charge [ka]

Ref. Side H.T.C. [Ym27K]

]

CAPACITY

52

587
0585
23.00
495,20
18.900
0510
0.1
0.526
9.5

Rz90
26.00
<9.00

.60

41.0

25882
1652 G609
.15
330,452
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