Ducted
“Mini-split”
Heat Pumps

Design, Test, Monitor.
Lessons learned from
~200 systems
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Evidence-based Continuous Improvement
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HeaTiNG DATA

SSZ140181A* / CA*F3131*6A* +TXV / MBR800**-1

OUTDOOR AMBIENT TEMPERATURE

65 60 55 50 | 47 45 40 35 | 30 25 20 17 | 15 10 5 0 5 -10

226 214 202 188 | 180 174 162 149 | 128 118 109 ) 103) 99 89 79 69 | 59 48

349 331 311 291 | 278 269 250 231|197 182 168 ) 1580 153 137 121 106 | 90 7.4

1.56 153 150 147 | 145 144 141 138 | 139 136 132 131§ 1.29 126 123 120 | 117 114

70 65 61 57 |55 54 51 49 | 47 45 42§ 41 41 39 36 34 | 32 29

423 409 393 375|362 354 336 316 | 270 255 240 230) 224 206 187 167 | 1.47 123

145 140 134 128 | 124 121 115 108 | 92 87 82 ) 791 76 70 64 57 | 50 42

385 369 355 339 | 331 325 312 300 | 287 274 263 || 257 || 252 243 234 224 | 216 208

149 138 129 118 | 112 108 99 88 | 8 71 62 || 58 | 56 47 41 34 | 30 24

B MODEL: ARU12RLF
AFR 383
Indoor temperature
°FDB 60 65 70 75

°FDB *FWB TC IP TC IP P TC IP
o -5 -7 15.8 2.23 15.4 2.27 15.0 2.32 14.3 2.36
- 3 17.6 2.16 17.2 2.21 5 8 15.9 2.34
5 12 18.3 2.09 17.8 213 || 174 | 247 16.5 2.26
g 19 19.2 2.01 18.7 2.05 7 L 17.3 2.18
£ 32 28 19.5 1.95 19.0 1.99 18.5 2.03 17.6 2.1
§ 41 37 19.7 1.86 19.2 1.90 18.8 1.94 17.8 2.02
5 47 43 20.4 1.92 19.9 1.96 19.4 2.00 18.4 2.08
o 50 47 22.5 1.94 22.0 1.98 21.4 2.02 20.4 2.10
59 50 23.3 1.95 22.8 1.99 22.2 2.03 211 2.1

COP = 2.35 (and 70% more capacity)
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Power Input (Watts) and Heating COP
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COP

Power Input (Watts) and Heating COP

Average COP = 3.1

+ Average Outdoor Temp = 29°F
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COP

Power Input (Watts) and Heating COP

Average COP = 3.1

+ Average Outdoor Temp = 29°F
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Short-cycling

600
® ®
L
®
® o
® o
450
@ ®
— ®
= .
N [ ] ®
S
g 300
o
c '
-~ ®
L
L A A
150
L
- )
®
® o
L
V’ o
o O © adDD D dnmmmny ) dnmmnnd © (i) Mo

Mar 27,2016 6:00 AM Mar 27, 2016 6:21 AM Mar 27, 2016 6:42 AM Mar 27, 2016 7:03 AM Mar 27,2016 7:24 AM Mar 27,2016 7:45 AM Mar 2



ARUOSRLF

KW 2.64
Rated
ool Btu/h 9.000
J | KW 0.90-3.60
Min.—Max.
Btu/h 3100-12.000
e KW 3.52
, Btu/h 12.000
Heating KW 90—5.28
Min.—Max. :
Btu/h 3100-)8.000




Minimum output - “mild”
O Watts M Btu/hr

267 ® 4470

4460
266 ° ° °

4450
265 o o o o o o 9 9 9

4440

4430
264 (Yl

4420
263 °

4410
262 4400

2/6/16 17:11 2/6/16 17:13 2/6/16 17:15 2/6/16 17:17 2/6/16 17:19 2/6/16 17:21 2/6/16 17:23 2/6/16 17:25
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421

420

419
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417

416

415

2/18/16 1:03

Minimum output - “colder”

2/18/16 1:05

O Watts

2/18/16 1:07

2/18/16 1:09

B Btu/hr

2/18/16 1:11

2/18/16 1:13
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Defrost - “worst case”

4 Defrost Cycles - 2/16/16 3:00am to 6:30am, ODT ~33F, DP~31F

50 minutes
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Defrost - “cold” outdoor temperatures (10F)
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3 Systems in Basement Ceiling (6000 sf
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Total ESP (in.w.c)
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Duct System Design “Rules”

»All ducts in conditioned space

- Central returns

- Smooth turns for all trunks

- No turns with flex duct

- 450 fpm in-duct velocity

- Standard/mediocre takeoffs and boots

- Size supply registers for throw (but don’t hit people)
- High-efficiency, “over-sized” filter

- Balance every system, learn from mistakes



"‘." I
.-

P
:s_; __’ T
e,
il U s MAMMAPPEERN —:Zé \

i
T _..,:,J v



Fun with Filters!

MERV-1 3

Super-clean ducts!
What's too dirty?
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DALYs lost (per year per 100,000 persons)
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Logue et al, 2012, A Method to Estimate the Chronic Health Impact of Air Pollutants in U.S. Residences

“DALY” = Disability-adjusted Life-Year
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Size CFM IWC

10x20x1 417 0.25
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Air Flow vs Resistance
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Size CFM IWC

10x20x1 417 0.25

20x20x2 400 0.03
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Size CFM IWC

10x20x1 | 417 | 025 |
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O High O Medium Low O Quiet O S-Low
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O High O Medium Low O Quiet O S-Low
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Standalone HEPA Larger 27 return grille
alr purifier w/ Eco mode + MERV-13 filter

e Initial cost: $230 * Initial added cost: ~$15
« Electricity cost: $6/yr « Electricity cost: ~$1/yr
« Filter cost: $50/yr e Extra Filter cost: ~$10/yr
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delta-P = 0.0274 in.w.cC.
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| Thank you for your
attention!
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