1717 Arlingate Lane
Columbus, OH, 43040

Telephone: 614-279-8090
Facsimile: 614-279-4642
www.intertek.com

April 26, 2011 Findings Report No. 100344703COL-001FR
Project No. G100344703

Richard Maruya Ph: (808) 235-1890
A. S. Trust & Holdings Inc Fax: (808) 235 0116
44-129 Mikiola Drive email: richardastrust@yahoo.com

KANEOHE, HI 96744

Subject: Performance Comparison Evaluation of Five Refrigerants as Drop In Replacements for R-134a,
Namely:
HCR-188C/R441A, Propane, Butane, Isobutane, Ethane

Dear Mr. Maruya,

This letter represents the results of the evaluation of the above referenced refrigerants per a custom test method
designed to compare optimum refrigerant charge amounts, operating pressures, and energy consumption. As no
standardized test method was available, this method was developed and agreed upon by A. S. Trust & Holdings
Inc and Intertek as being a good method to be able to control various operating parameters, thus allowing these
three variable parameters to be observed and measured.

This investigation was authorized by signed application number 500286178, dated February 23, 2011. A. S. Trust
& Holdings Inc provided the HCR-188C/R441A refrigerant for the test. Intertek provided the R-134a, Propane,
Butane, Isobutane, and Ethane for the test. The refrigerants were tested from April 8, 2011 to April 22, 2011 at
the Intertek Columbus, OH facility.

The evaluation was to determine which of the five replacement refrigerants best matched the performance
characteristics of R-134a when used in a drop in replacement scenario. A bench test type refrigeration system
test loop was used for the testing. The loop consisted of a compressor, water-cooled condenser, pressure
actuated water flow control valve, a coil-in-shell heat exchanger, valves to regulate refrigerant flow through the
heat exchanger or bypassing it, a filter drier, and four capillary tubes. A power meter was added to measure
compressor energy consumption. A pressure gauge was T'd with isolation valves between the compressor
suction and discharge lines to measure operating pressures. Thermocouples were added at various points along
the loop to measure refrigerant temperatures. The loop was first configured one way and all refrigerants were
tested. Then the loop was configured a different way and all the refrigerants were again tested. A description of
the test equipment and the two configurations follows. Following that, the data from each test is tabulated.
Finally, graphs showing the comparison of the refrigerant charge amounts, operating pressures, and energy
consumption are displayed.
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A. S. Trust & Holdings Inc

Findings Report 100344703COL-001FR

April 26, 2011
TABLE OF TEST EQUIPMENT USED
Item Equipment Type Cal. Due Date
Equipment #

1 Refrigeration System Test Loop
2 Compresspr — Copeland model ZP25K5E-PFV-130

charged with 1000 grams of POE
3 Tubg in Tgbe Water Cooled Condenser — Standard

Refrigeration Company model ELT200
4 Coil in Shell Heat Exchanger — Standard Refrigeration

Company model VSE-2
5 Brass Valves — Mueller
6 Filter Drier — Emerson EK-053
7 Capillary Tubes — 4 ea. 21 inches long, 0.036 ID
8 Blower — Tjernlund Products model HSUL-1
9 Water Flow Regulating Valve — Johnson Controls model

V46AB-1
10 Data Measurement Equipment
11 Power Meter — Yokogawa model WT230 E148 March 8, 2012
12 Digital Pressure Gauge — CeComp Electronics 1 - 500 psig E184 June 9, 2011
13 Thermocouple Thermometer — Omega model HH23A E237 March 9, 2012
14 Charge Determination Equipment
15 Refrigerant Recovery Equipment
16 Liquid Nitrogen in Dewer
17 Weight Scale — GSE model 450 CE1078 September 9, 2011
18 Vacuum Pump
19 Test Refrigerants
20 Cylinder of Virgin R-134a
21 Cylinder of HCR-188C/R441A
22 Cylinder of Instrument Grade Propane
23 Cylinder of Instrument Grade Butane
24 Cylinder of Instrument Grade Isobutane
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR
April 26, 2011

Test Loop Configuration 1

Prior to testing, the refrigeration system test loop was flushed and evacuated to remove all traces of previous
refrigerants and lubricants. While under vacuum, the compressor was charged with 1000 grams of new POE.
The system was then partially charged with R-134a and energized. Then, over several hours, the various control
parameters of the loop were adjusted to achieve optimal operating conditions for R-134a. Namely, the Water
Flow Regulating Valve was adjusted to control water flow to the condenser such that a typical compressor
discharge pressure was achieved. Also, the Brass Valves were adjusted such that most of the refrigerant flow
went through the Coil in Shell Heat Exchanger, but a portion was diverted around the heat exchanger such that
the compressor suction temperature was typical. Room ambient conditions were adjusted to approximately 70F.
Lastly, additional R-134a was added to the system to the point that all four capillary tubes were receiving liquid
refrigerant and the system loop sight glass was full. As the system approached optimal conditions, data recording
was started and monitored until stabilized conditions were reached. That data is shown in the following Test Data
Sheets, the rightmost column showing the final numbers. Following the collection of data, the system was de-
energized and the R-134a charge was recovered with the Refrigerant Recovery Equipment into a pre-weighed
cylinder. Isolation valves insured that no refrigerant was lost. The recovered weight was recorded. The
remainder of R-134a in the system and the recovery equipment was then captured into a pre-weighed sampling
cyclinder which was immersed in Liquid Nitrogen in a Dewer, and then the additional recovered weight was
recorded and added to the first.

Next, the refrigeration system test loop was evacuated and then charged with a partial charge of
HCR-188C/R441A and energized. The control parameters were left exactly the same as the final setting in the
R-134a test. The only variable to control was the charge amount of the HCR-188C/R441A. Charge was slowly
added until the loop was operating at the same suction pressure condition with all four capillary tubes receiving
liquid refrigerant. Data was recorded as before, and once stabilized conditions were reached, the
HCR-188C/R441A in the system was recovered and weighed. This process was then repeated for Propane,
Butane and Isobutane. The test could not be conducted on Ethane as the saturation pressures were much too
high and would have exceeded the pressure limits of the loop. The data for all tests follows.

It should be observed that from this configuration of the test, the suction and discharge pressures were controlled
to be the same for all refrigerants, thus the compressor power consumption was roughly the same for all the tests.
The differences were manifest in the amount of refrigerant charge that was required for each refrigerant to be at
proper conditions and the amount of cooling water that was needed to keep the system in balance, that being a
function of how high the discharge pressure of the system wanted to be based on the saturation pressure of the
given refrigerant. Due to the very low pressure of Butane, it was not able to operate at the same discharge
pressure and thus its results are skewed.
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR

April 26, 2011
REFRIGERANT PERFORMANCE COMPARISON
TEST DATA SHEET Intertek
(PERFORMED ON CAPILLARY TUBE TEST STAND)
Climng: A5, Trust ! Richard Maruya
Froject Mumber.  G100344703 |
Bample: HCR-10BC compared o B-134a, Propans, Bulame, |soBulsne Toat #: ! |
Date: Appin, B 2o Test Enginear: ] ‘
Tesl Refigarant [2.(34a Brandon Bullen 25 £+ P
Eﬁ' l §TﬂND RLIN TIME AT i e siog & Tordrior Nawdng
Tatal Time {hours) iMNb -z.-.-‘.-_.a.__l_zg.t |2.‘4.3 | |13 5 -I
TEMPERATURE
Comprassor Discharge ("F) 180 iR1.2 189.5 127, 1 I186.6 |
Liquid Enfesing Cap Tubes (°F) BE.C 906 .o 90.3 8.4
Wapor Leaving Cap Tubes (°F) 24. 8 6.5 L4 3.0 4.0
Campressor Suction {°F) Fz.2 Tl 2.8 5.2 Fi-0
Candensar Water In [*F) 571.5 &% .5 59.2 59.3 59.1
Candangar Water Cul (°F) S 83.3 274 23.9 3.2
Air Ambrient {°F} F1.5 .2 6.0 £3.3 EB.O
FLOW
Wiater Flow [Ibaiminue) | I-19 | - &9 | 1-15 | 115 | |__l_- =] ]
PRESSLURE
Suclion Prassure [P5IG) ' 21 2l 19 19 19
Discharga Prassure (PSIG) ! L3 125 124 174 124
COMPRESSOR POWER
Frequaney [He) 5499 (2999 [&o.ob [59.98 159.99 |
Vallage (V) 2L |22 |2u.9 2005 2l |
Amps (4] .01 4.20 .19 i.0F .16
Wanls W) 20| 216 By Bl Ble
FEFRIGERANT CHARGE
Tolal Charge (Ibs) Recoveny Liguity 5.05 _i
CyumneR, MNITREEERN
1. 25 .40
1. 85 1.29
4. b0 o.45
Calculalions
SurmaRy
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR

April 26, 2011
REFRIGERANT PERFORMANCE COMPARISON
TEST DATA SHEET Intertek
(PERFORMED ON CAPILLARY TUBE TEST STAND)
Cland: AS, Trust f Richard Manuya
Progect Mumbar: GA00344703
Sampha; HCR-1B8G comparad to B-134a, Propane, Butane, IsoButang Test & 2
Detes gfg“ 142 151[ Test Engineer,
Test Refigerant.  HER - 1BBE Brandon Buion 75— pfi_'v
TEST STAND BUN TIME p— [ ——
Total Time (Fours) :E; E.L Im-ﬂ I'E;-'_J _J I_ﬁ-jj_l‘
TEMPERATURE
Compressor Discharga (°F) 239.8% 12724 12221 198.6 2en. |
Liquid Entering Gap Tubes (°F) BR2  |B&D E5.% 6.3 89,4
vapor Leaving Cap Tubes (“F) 352 5.7 4. F 2.2 13
Compressor Suction {°F) 9.4 9.7 TH.E Bl Bo 4
Condensar Water in (*Fi &0, 7 59.% 59.8 59.7 59.F
Condansar Watar Cut (°F) 93. 4 984 98.1 ol o oo 2
Alr Ambient (°F) F1.3 1.0 £9.3 0.1 8.1
FLOW
Wister Flaw {Ibsfminule} I?'-}ﬁ |¢.$3- | .79 | O35 | a. 78 l
PRESSURE
Suction Pressum (FSIG) B i3 i3 19 19
Discharge Pressure (P5IG) 116 123 |26 | it iz
COMPRESSOR POWER _
Frequency (Hz) 5999 en.ol  leo.62 |S9998 59.99
Wnllape (W) 212.1 2002 |22 2.3 2.2
Ampe () .20 q.210 «. I8 4 .17 4.4
Walts (W) B3R 833 | 831 B33 13
E| CHARGE
Total Sharge {Ibs) Recoveny g 166 |
CoyLslbER, pliTRooed
17.30 740
13.35 1.50
1.45 oo
Calculalions
SUHMHARY
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A. S. Trust & Holdings Inc Findings Report

REFRIGERANT PERFORMANCE COMPARISON
TEST DATA SHEET Intertelk
(PERFORMED ON CAPILLARY TUBE TEST STAND)

Chanl: A5, Trustd Richard BMaruya
Project Mumiber: — G100344703
Sanmpl: HCR-18EC eomparad 1o R-134a, Propans, Bulane, isoButane Test#: 3
Datec Aran 13,2011 Test Enginesr: -
Tost Rediigesant; ﬁﬁﬂ Brandan Elulb:m_ _&3‘{ - {’J ﬁ'-h?—_
EST STAMD BEUN TIME raing s R sy Wb
Total Time (hours) 55,2 55.% 57.3 BE. O | £9.1 |
TEMPERATURE . .
Compressor Dischargs (F) Foo.d  [196.2 |86 419 (93.0
Liquid Emering Cap Tubes [*F) 37.3 F6.9 | ol 36.2 76 .B
Vapor Leaving Cap Tubes (F) -2 -0 2.9 -3.4 =5, 4
Compressor Suctan {*F) L2.8 | &3.2 [ &2 .4 &2, |
Condenser Walsr In ["F] 54 .4 S if= 548 TN 55.3
Condansar Waber Cub ["F) L5 o &4, 7 L2 i T L. B
Air Ambienl [°F) | &8.9 £9. & F2.6 F1.4 10.0
ELOW _
Water Flow {lbsfminule 431 Jyse Isw 491 | (484 |
PRESSURE .
Suchon Pressuna (FSIG) | 1E 1% 2l i 19
Discharge Pressurs (PSIG) |26 | 26 12% 115 1 2%
COMPRESS0R POWER
Frequenty (Hz) &6l 189598 |59.99 5157 =999
Wolbage (W) 2.4 .2 200 |2pB R | o6
Amps (A 422  14.19 4.20 |4.13 | |42
Watts (W) 846 B 733 21l B33
REFRIGERANT CHARGE
Total Charge {ibs) Fecos: Liguie .55
g,"_.,.n,u-_:’l M acesd
32. 60 2.4
34. 10 2.45
1.580 0. 05
Calculations

100344703COL-001FR
April 26, 2011
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A. S. Trust & Holdings Inc

REFRIGERANT PERFORMANCE COMPARISON

Findings Report 100344703COL-001FR

Intertelk

TEST DATA SHEET
(PERFORMED ON CAPILLARY TUBE TEST STAND)
Client: A5, Trust! Richard Maruys
Project Number: Z100344T0%
Zamiple: HCR-18BC comparad to R-134a, Propars, Butana, lseBulane Taal i ﬂ:
Date: Bem 14 2011 Test Enginaer:
o .
Test Refiigeiant, By Tase _ Brandon Button 75— 30—
TEST STAND RUMN TIME e bwr pmad amay i Cariation Ressng

Todal Tima (hours)

TEMPERATURE
Campressar Discharge (F)
Liguid Enterng Cap Tubas (*F)
apor Leaving Gap Tubas (°F)
Campressar Suchion {*F}
Candensar Water In {*F)
Coandenser Waber Out (*F)
Air Ambiant {°F}

FLOW
Water Flow [Rsimirmibe)

PRESSLRE
Suction Prassura (PSIG)
Discharge Pressune [FSIG)

COMPRESS0OR POWER
Freguency (Hz)
Malkage (V)

Amps {A)
Walts (W)

BEFRIGERANT CHARGE
Torlal Charge (Ibs)

624 | [ A |ﬁf|.ﬂ |ﬁ5 5

1869 196 .2 195.6  [195.2 1984
130 f 134.6 | 13%.) 136. 3 | 12% .0
Bl.O B .3 H6. 7 #5.2 3.2
3.3 fizs.2 fized 119, 7 i20-3
Jo.2 [F1.3 (3323 |34.% 39
e | & | e | ler |
2% 27 26 19 19
| 8% 91 93 91 43
bo.o0 15999 [booo ool [(Nal=1
o3 il 269.8 |216.3 269,46
| 2.69 3.3 3.59 3.57 3. 60
Fio Fi& [%:1s] [ 639
Retoveny Litang 1 lis
Cyesasbig Al
40,15 2.4g
120 _2:50
. a5 o.fa
Caloufalions

April 26, 2011
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR

REFRIGERANT PERFORMANCE COMPARISON
TEST DATA SHEET Intertelc
(PERFORMED ON CAPILLARY TUBE TEST STAND)

Cliont: . AS, Trustf Richard Maiuya
Projpect Mismbier: GA0034470%

Sampla; HCR-1B88C compared io B-13da, Propana, Butane, |soButine Tasl & &
Dt Apn, 5 2oil Tesl Engineer.
Test Hafigarant. T Se@ursse Brandon Bubion £ — pﬁ'é'}
TEST STAND RUN TIME faipsrd oy u Cnaciion Rnacing
Takal Tirme (hoars) &h.‘f lga..-w itﬂ-? I?l.l _J Iil_'l‘_l
JEMPERATURE
Comgressor Dischargn (°F) 198.5 269.5 |dog.l |J0B.% L. é
Liquid Entering Gap Tubes (°F) |B2.5 11330 |i3ds.0 |i34.7 136.2
Wapar Leavirg Gap Tubes (°F) o | 5%.7 S7. 1 549.3 83.3
Compressor Suction (°F) ey [1is.3 1149 1. 7 [TEN-]
Condenser Waler In {*F) 35.2 373 Tg.37 B .3 9.6
Condensar Waler Cut ("F) 1589 155.2 |153.5 154%. O i59. 8
Air Ambiant () F5.+ | 39.4 8.0 ¥9.3 e
FLOW
Waler Flow (Bbefminuta) [} o. |4 o, 0F O.0F | O.0F |
PRESSURE
Suction Pressure [PSHG) 3 T 20 19 19
Discharge Pressure (PSIG) LD 127 |23 |24 | Lo
COMPRESSOR POWER
Franuancy (He) S9.99 o .mr |5999 |&o.00 bt B0
Woillage (V) 203 Pz | dofs [24e9 2002
Ampe (A) 4.0 H.2] 408 #.15 4.0k
Walls (W) Bok A2 foR o 223
REFRIGERANT CHARGE
Total Chargs [Ibs) Prcomny Ligun .o
Cyladnee n-'lnms.nﬂ
38,60 2.4¢
39 .60 740
| = ==
F o0 (]
Catculations

April 26, 2011
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR
April 26, 2011

Test Loop Configuration 1 Summary

REFRIGERANT PERFORMANCE
COMPARISON Intertek

TEST DATA SHEET
(PERFORMED ON CAPILLARY TUBE TEST STAND)

TEST REFRIGERANT

HCR-188C

Refrigerant R-134a /IR441A Propane Butane Isobutane
TEMPERATURE

Compressor Discharge (F) 186.6 200.1 193.0 198.4 212.6

Liquid Entering Cap Tubes (F) 89.4 85.4 76.8 138.0 136.2

Vapor Leaving Cap Tubes (F) 24.0 13.0 -5.4 74.2 53.3

Compressor Suction (F) 71.0 80.4 62.1 121.3 115.2

Condenser Water In (F) 59.2 59.7 55.3 N/A 79.6

Condenser Water Out (F) 87.2 100.2 64.8 N/A 159.8

Air Ambient (F) 68.0 69.1 70.0 75.9 76.4
FLOW

Water Flow (Ibs/minute) 1.10 0.78 4.84 0.00 0.07
PRESSURE

Suction Pressure (PSIG) 19 19 19 19 19

Discharge Pressure (PSIG) 124 124 124 93 124
COMPRESSOR POWER

Frequency (Hz) 59.99 59.99 59.99 60.01 60.00

Voltage (V) 211.1 212.2 210.6 209.0 210.2

Amps (A) 4.16 4.14 421 3.60 4.16

Watts (W) 826 827 833 679 823
REFRIGERANT CHARGE

Total Charge (Ibs) 5.05 1.55 1.55 1.15 1.00
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR
April 26, 2011

Test Loop Configuration 2

It was determined that the first round of testing did not yield very informative results. Therefore it was decided to
change the parameters of the test and then repeat on each refrigerant. For the second round of testing, variable
water flow was eliminated. The water flow was completely turned off. To recover the necessary cooling, all
refrigerant was routed through the Coil in Shell Heat Exchanger. This had two effects however. It did not allow
some bypass gas to cool the suction gas to the compressor and it did not dissipate the excess mechanical heat
from the compressor. Therefore a small one speed blower was positioned to blow air across the exposed copper
tubing of the loop. This provided some cooling of the suction gas and dissipated enough of the mechanical heat
such that the system could stabilize at normal operating conditions. For these tests, the room ambient was
maintained at approximately 75F.

These changes allowed each test run to stabilize at that refrigerant’s unique operating conditions. This translated
into differing suction and discharge pressures, which thus translated into differing energy consumption by the
compressor. This was also a good verification of the different charge requirements for the different refrigerants.
This method was more representative of what could be expected if the substitute refrigerants were used instead
of R-134a in an R-134a system. The cooling temperatures observed after the capillary tubes, indicate steady
state temperatures, but do not indicate cooling capacity and should not be interpreted as such. Likewise, the
power consumption is a steady state value and should not be used to calculate daily power consumption.

This sequence of tests was performed as before, first running the test with R-134a and then followed by the other
refrigerants. Data was collected in the same manner, and refrigerant charge weights were obtained by the same
recovery method. The test with Propane was not able to be completed because it caused the compressor to
operate at such a high temperature that it shut off on thermal overload. As in the first configuration tests, the test
could not be conducted on Ethane as the saturation pressures were much too high and would have exceeded the
pressure limits of the loop. The data for all tests follows.
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR

REFRIGERANT PERFOREMANCE COMPARISON
TEST DATA SHEET Intertel
(PERFORMED OMN CAPILLARY TUBE TEST STAND)

Cliant: AS, Tiust § Richad Manuya

Project Mumbar: GH00a44707

Sampha: HCR-188C companed fo B-134a, Propane, Bulans, |soBulane Tasl i &

Dater iR, 2eal Tezl Engineer:

Tast Refrigerant: (2 13ka Branden Bulion £5- . R

TEST STAMD RUN TIME el e il g e Cpadiion Rmwing
Total Time frours) [7eq  [333 J38c [3ac |[394 |

TEMPERATURE
Comipresgar Dischargs (7F) 239, | 248.1 252.3 [256.2 234, 3
Liquid Entening Cap Tubes (°F) 128 (1239 |1Ze.4¢ [1Z28.9 [13.9
‘apor Lesving Cap Tubas (F) 33.5 266 27.8 Ho. 3 2 &
Comprassor Suctkan {°F) -5 liz g 18- i 3. o oF.0 |

Condanser Wabar In (*F)
Condanser Watar Out [*F)

Alr Amibient (°F) .7 E{ %] 765 [F6.3 4.5
ELOWY
Waler Flaw {Ibs/minuta) Feal D:af’ [Ff [F‘ i.ﬁ" l | = |
PRESSLRE -
Suckion Prossune (PSIE) 0 =) 3 2% 20
Discharge Pressura (PSIG) 203 218 215 247 200
COMPRESSOR POVWER
Frequency (Hz) G000 oo 5999 =998 5999
Woltage {V) Z2o8.0 |203.4 |2oB9 |20B.2 2o .4
Amps (4] Gob  |62% |64g L.19 5
Wabla (W] 1210 1264 136 1376 &6
C SE
Lo .
Tiotal Gharge (65 m Lo EX™
% 90 Z.40
21.60 1%
- =1
2.3
Calculaians

April 26, 2011
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A. S. Trust & Holdings Inc

REFRIGERANT PERFORMANCE COMPARISON

TEST DATA SHEET

(PERFORMED ON CARILLARY TUBE TEST STAND)

Chiand; AE, Trast ! Richard Maruya
Project Mumber: G00344703
Sampla: HCR-1830 compared 1o R-134a, Propane, Butane, IscBulans

Diate: Aeen 19 26l
e o=

Test Refrigerant

TEST STAHD EUH TIME
Tatal Time (haurs)

JEMPERATURE
Compresgor Discharge (*F)
Liguld Emlerirg Cap Tubes (*F)
Wapar Leasing Cap Tubas [*F)
Compressor Suction [°F)
Condansar Waler In [°F)
Condanser Walar Qul {*F)
Air Arnbient {°F)
ELOMW
Water Flow (Ihedmanule)
PREZSURE
Suclion Pressure |PSHGE)
Discharge Pressure (PSIG)
COMPRESS0R POWER

Frequency (Hz)
Vallzge [V)
Arnps (A
Wislls (W)

REFRIGERANT CHARGE
Total Charge (bs)

Test Engnear:

Iintertek

Brandon Bulkon 7 yﬁ-? o

Findings Report 100344703COL-001FR
April 26, 2011

Test#: _?_

Al parkad J:.lcmmllmhu

le2.0 |g2.c |E3s | | [g4.3 |

2430 |244.7 |242.3 245§

jol.é& |Inz.a |led.o jas. 4 |

19.4 19.9 PR3 22.2

9&.3 9€.8 |loi-2 lod.o |

733 [339 [934 746 |

[ Je Jer | | [ ]

=) = K. 17

L% T4 152, 155

.02 (ool (5399 6002

24 |zieg  |2ns 2105

4.59 .63 4 3 o B0y !
q2.1 9% 953 969 | ‘

E-iwﬁzy L taa
Oyespes, M TROGE
| o Z.40

18 .40 _2_415:.

3. 50 o.65
—_—

o. o

o .95

Caledalions 22,65 - 2085 20.9%:5.9 |CHanRME
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A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR

April 26, 2011

REFRIGERAMNT PERFORMANCE COMPARISOMN
TEST DATA SHEET Intertelc
(PERFORMED ON CAPILLARY TUBE TEST ST‘\HD}

Climnk: AS, Tiusl § Richard Mandya
Projact Mumber: G100324700%
Sampha: HCR-1B8C compared o B-134a, Propane, Bukang, |saBulane Tasl @ E
Date: Arpn. Zo  Fodl Tezl Engineer: )
e - - _
Test Refigerant.  Poesssg Brandon Bullon £ _{;f}ﬁif
TEST STAKMD HUMN TIME A P easiagy A Cowiraa Rawg
Tedal Tirme (hoars) [&,4 lﬁ'ﬂ.? l“‘ﬂ?.‘l‘ | | |
TEMPERATUHRE
Compressor (iecharge (*F) 2152 |320.4 k4 ]
Liquid Entering Cap Tubes (°F) Jfi-3 [ 149.0 uiué
Wapor Leaving Cap Tubes (°F) AL.0 38| & |;_
Compressor Suction (°F} 1231 li42.9 E - |
Condensar Water In [*F) 3 § g
Condensar Wabar Out {“F} % -
Air Amblent [*F) F3.3 333 5 3 3
ELOW
Wilater Flow {Ibedminule) [g‘ . |ﬁ | | | | |
BRESSURE .
Suction Pressure (PSIG) de =g 1
Discharge Prossure (PSIG) 2ol 291 |
COMPRESSOR POWER
Frequency (Hz) Lol [ eqell
Vaollage (W} 206,73 LLn.B
Adrpa [A) 9.57 1 55
Walks (W) TRl 2185
dal, GE
Faeo Liguil [-38
Tatal Gha Ibes
" o) Cyuube MI"MEA] | A
3235 2 .4
A4 00 Z-49
|25 .85
Catlculalions
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REFRIGERANT PERFORMANCE COMPARISON
TEST DATA SHEET Intertek
(FERFORMED ON CAPILLARY TUBE TEST STAND)

Clinnt: AS. Trust f Richard Maruya
Project Mumriber: G10034470% _
Sampla: HCR-1B8C compared bo R-1348, Propane, Bulane, [soDulane Tasl & ﬂ
Diter Aegn, 21 201) Test Engineer:
Tesl Refrigerant E_LL'E&IE Brandon Bulton gL y‘ﬁ_‘k"
TEST STAND T [ o Rasdrg
Tatal Time (houre) les.e [90.4 |a1.2 |gis —tt= |
TEMPERATURE
Compressor Discharge (*F) 139 .6 |id42.2 |is4.2 | (44.%
Liquid Enering Cap Tubes (*F) B4 |[BI.& 9. § do. 3
Vapor Leaving Gap Tubes (*F) | 865 1.9 549.2 549, 3
Compressor Suclion (*F) B 4 By .4 B4.9 [$5.5

Condenser Waler In (“F)
Condenaer Waler Qut {°F)

Ar Ambhant (*F) Flb F4.0 3.9 4.9
FLOW ;
Wialer Flaw (|bs/minuie) Far rﬁﬂ I_;‘;If | = |-5' | |
PRESSURE
Suction Pressure [PSIG) et il [[s] LG -
Discharge Pressuie {P2KS) a2 35 35 36
() E:
Frequency [Hr) 5999 19999 |é&o.o0 |59.99
oliage (V) 1o g 206 2e9F |204.7
Amps (4] Z.4% z.5% Z .50 247
Wiatls (W) 403 427 4213 Hig -
REFRIGERAMNT CHARGE _
Eecovery T
Total Gharge {Ibs) 2y a rereoser) o 6
39.89 2 Ho
40.75 2 40
Ta.96 e
Caleiilabans

Page 14 of 18

Intertek Testing Services NA, Inc. SD 12.1.2 (8/10/10) Informative



A. S. Trust & Holdings Inc Findings Report 100344703COL-001FR
April 26, 2011

REFRIGERANT PERFORMANCE COMPARISON
TEST DATA SHEET Intertek
{(PERFORMED ON CAPILLARY TUBE TEST STAND)

Clienl A5 Trusl ! Richard Marsa
Project Mumber:  G100344703
Sample: HCR- 1080 compared b B-1340, Prapame, Bulang, |soBulane Tesl & o
Dabe: APeir 2% 10 Teasl Enginear:
Tast Refigarant  Tesporase Brandon Bution  £5— “ e
T ME Mgk wed g v b A oy Bl
Tolal Time (hous) uze o3 lus.a | | ze
TEMPERATURE
Comprassor Discharge (°F) 1233 |ig%8 ||85.8 1889
Liquid Fniering Cap Tubes (°F) q4.4  [9F.4 99.0 99-8
‘apar Laaving Gap Tubas [°F) 249.3 b 1.9 0.2
Campressar Suction (°F) B5. 10 87.8 B89, ¥ Go o

Condanser Wabar In (*F)
Condanser Wabar Qut (*F)

Air damiblent (°F) 32.3 39 34.3 FE.&
FLOWY
Waler Flow {los/minute) l& |- | | | ler |
PRESSURE
Suckian Pressue |PEIG) =) 5 & s
Discharpe Pressure (PS1G) 58 & (%] it
COMPRESSOR POWER
Frequency (Hz) =9 99 |5959 =5.9% =999
Waltage {V) 212,808 D0 g L s
Ampe (4] 293 2.93 .00 Z.05
watts (V) 53 S4s 55| Sk
REFRIGERANT CHARGE
Tatal Charge {lbs) ﬁmﬁ ﬁf;&:a .75 |
FE.98 240
2940 2.45
a.30 a. 45
Calculalions
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Test Loop Configuration 2 Summary

REFRIGERANT PERFORMANCE

COMPARISON

TEST DATA SHEET
(PERFORMED ON CAPILLARY TUBE TEST STAND)

TEST REFRIGERANT

HCR-188C

Refrigerant R-134a /IR441A Propane Butane Isobutane
TEMPERATURE

Compressor Discharge (F) 234.2 245.1 * 144.8 188.9

Liquid Entering Cap Tubes (F) 113.9 105.4 * 90.3 99.8

Vapor Leaving Cap Tubes (F) 36.8 22.2 * 59.3 30.2

Compressor Suction (F) 107.1 102.0 * 85.5 90.0

Condenser Water In (F) N/A N/A N/A N/A N/A

Condenser Water Out (F) N/A N/A N/A N/A N/A

Air Ambient (F) 745 74.6 * 74.9 75.0
FLOW

Water Flow (Ibs/minute) N/A N/A N/A N/A N/A
PRESSURE

Suction Pressure (PSIG) 30 17 * 10 6

Discharge Pressure (PSIG) 200 155 * 36 64
COMPRESSOR POWER

Frequency (Hz) 59.99 60.02 * 59.99 59.99

Voltage (V) 209.4 210.5 * 209.2 212.5

Amps (A) 5.79 4.80 * 2.47 3.05

Watts (W) 1166 969 * 416 561
REFRIGERANT CHARGE

Total Charge (Ibs) 2.80 0.95 * 0.90 0.75

*Compressor shut off on thermal overload; last obtained values graphed; but test could not be completed.
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Power Consumption
R-134a HCR-188C Propane* Butane Isobutane
IR441A
Refrigerant
Refrigerant Charge
R-134a HCR-188C Propane* Butane Isobutane
/IR441A
Refrigerant
Cooling Temp
L
3]
5
©
@
[oX
IS
(3]
|_
R-134a HCR-188C Propane* Butane Isobutane
IR441A
Refrigerant
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Conclusion

Results of this evaluation indicate that of the five refrigerants tested as drop in replacements for R-134a, HCR-
188C/R441A has the best properties to simulate R-134a and has the best performance with respect to charge
amount and energy consumption when judged against system cooling capacity. Moreover, it was determined that
the HCR-188C/R441A components, when used by themselves, do not make good replacement refrigerant
candidates for R-134a. The reasoning for this conclusion is as follows:

Propane — An R-134a system, to which Propane is substituted, will not have sufficient refrigerant condensing
capacity and therefore the discharge pressure will elevate, causing the energy consumption to rise dramatically
and/or will cause the compressor to overheat and either shut off on thermal protection or burn up.

Butane — An R-134a system, to which Butane is substituted, will not experience sufficient cooling as the
saturation pressure of Butane is much too low to cause much refrigerant phase change when passing through an
R-134a system expansion device.

Isobutane — An R-134a system, to which Isobutane is substituted, would work better than Butane, but because of
its similarly low saturation pressures, would likely not have nearly the same cooling capacity as R-134a or HCR-
188C/R441A. This would likely be verified by calorimeter comparison testing.

Ethane — An R-134a system, to which Ethane is substituted, would not run because the excessively high
saturation pressures of Ethane would either cause the equipment’s high pressure switch to actuate and disable
the unit, or the high pressure would cause the pressure relief device to vent out the Ethane charge.

HCR-188C/R441A, when substituted into a R-134a system, by the same logic relating to saturation pressures
described above, appears that it would have a slightly lower cooling capacity than R-134a, but would require a
refrigerant charge of only about 30% of the mass of R-134a, and the compressor would use slightly less energy
than when used to operate with R-134a.

This findings report completes our evaluation.

If there are any questions regarding the results contained in this report, or any of the other services offered by
Intertek, please do not hesitate to contact the undersigned.

Please note, this Findings Report does not represent authorization for the use of any Intertek certification marks.

Completed by:  Brandon Button Reviewed by:  That Vo
Title: Senior Associate
Engineer) Title: Engineer

f/ /
Signature: %u%* Signature -~ { /
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