








location# | manf | group | description prog. output | screen #
1 Prim.ref entering TXV (Txv1) 75
2 Prim.ref entering plate HX (Tpinl) 76
3 Prim.ref leaving plate HX (Tpout1) 77
4 Sec.ref entering loop (Tlin) 78
5 Sec.ref entering plate HX (Tsinl) 79
6 Sec.ref leaving plate HX (Tsoutl) 80
7 Sec.ref in defrost loop (Tdef) 81
8 Sec.ref out of loop (Tlout) 82
9 (NULL) 83
10 Prim. ref entering shell & tube (Tpin2) 84
11 Prim. ref entering shell & tube 85
(Tpout2)
12 Sec. ref entering shell & tube (Tsin2) 86
13 Sec. ref leaving shell & tube (Tsout2) 87
14 Sec. ref entering pump (Tpumpin) 88
15 Sec. ref leaving pump (Tpumpout) 89
16 (NULL) 90

Table A4-7. AM416 Multiplexer No. 3 (Campbell Scientific) Second input terminal




INSTRUMENTATION

Listine: |
The test facility at the Commercial Refrigeration Laboratory was equipped with instruments for:

Temperature:
Temperature measurements have been done using thermocouples and thermocouple probes,

type T copper - constantane
Probes: Omega TT-T-24-SLE
Wire: Special Limits of Error wire
Accuracy: ANSI Limits of error :
Error: £ 0.1 ©C (0.1%) - after calibration
Note: (See calibration section for details)
Temperature conversion done in the data logger using RTD as the reference junction.

Pressure:

Pressure transducers used are:
Pressure out of chiller:

Setra

Model: C206

Serial #: 349494

Pressure Range: 0 - 250 psig

Output Range: 0.1-5.1V

Error: £1.48 kPa

Note: (See calibration section for details)
Pressure into chiller:

Senotec

Model: TJE 3883-06TJA

Serial #: 493829

Pressure Range: 0 - 500 psia

Output Range: 0-5V

Error: £ 0.1% FE.S.

Note: (Since transducer is new, calibration curve was obtained from manufacturer)
Diff Pressure across heat exchanger:

Setra

Model: C230

Serial #: 676584

Pressure Range: 0 - 5 PSID

Output Range: 4-20 mA

Error: £ 0.087 kPa Diff (0.013 PSID)

Note: (See calibration section for details)

Refri M :
Mass flow rate primary loop

Micro Motion

Sensor
Model: S006S100
Serial #: 132174

Transmitter
Model: RFT9712
Serial #: 16239



Calibrated and adjusted for 20 g/s at 20 mA
Error: 0.2% of reading

Mass flow rate secondary loop
Micro Motion
Sensor
Model: S006S100
Serial #: 132174
Transmitter
Model: RFT9712
Serial #: 16239
Calibrated and adjusted for 20 g/s at 20 mA
Error: 0.2% of reading

Watt transducer
Ohio Semitronics
120 V Power
Model: GW5-011X5
Serial #: 6022346
2000W, 0 - 300V input, 0 - 5 V DC output

i .
Campbell Scientific 21x
Model : 21x
Serial #: 4261
0- 5V DC output
Error: 0.1% F.S.
iplexer nits);
Model: AM416
Three units makes total of 98 channels.

CALIBRATION
libr

The thermocouples were calibrated simultaneously using a vacuum insulated container (see figure
A4-5) initially, at the beginning of the test with secondary fluids. Two temperature regimes were
investigated: 00 C and 230 C. The water temperature was allowed to stabilize for approximately
three hours before any test was conducted. As shown in the figure below, the thermocouples were
bound together such that each thermocouple would measure the temperature in the same area of the
container. Data was then acquired through the datalogger and PC for ten minutes with an interval
of ten seconds. The temperature was also measured using a NIST thermometer once at the
beginning of the test and once at the end. The data acquired through the PC was averaged.

Results are shown in table A4-8 and A4-9.
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Figure A4-5. Thermocouple Calibration Set-up




Actual (°C)

Actual (°C)

0.11 22.0
0.23 21.79 |
0.23 21.83
024 | 21.82
0.27 21.83
0.28 21.84
0.28 21.83
0.30 21.88 |
0.32 21.89
-0.38 21.25
0.08 21.66
0.26 21.86
0.28 21.89
0.26 21.01
0.13 21.74
0.11 21.75 |
0.13 21.78 |
0.13 21.77
0.16 21.80
0.16 21.80
0.17 21.81
0.19 21.82
0.22 21.81 |
0.22 21.81
0.22 21.84
0.21 21.82

Actual (°C)

0.11 21.94
0.07 21.81
0.12 21.82
0.29 21.82

0.11 22.0
Tri-1 0.24 21.84
Tri-2 0.19 21.81
Tri-3 0.24 21.85
Tri-1 0.23 21.84
Tri-2 0.28 21.86
Trl-3 0.29 21.87
Tr2-1 0.27 21.87
Tr2-2 0.24 21.85
Tr2-3 0.26 21.84
Tr3-1 0.28 21.86
Tr3-2 0.26 21.88
Tr3-3 0.27 21.86
Tro-1 0.24 21.84
Tro-2 0.23 21.82
Tro-3 0.26 21.84
Tad-1 0.22 21.83
Tad-2 0.22 21.82
Tad-3 0.22 21.80
Tad-4 0.22 21.83
Tar-1 0.24 21.84
Tar-2 0.23 21.86
Tar-3 0.24 21.87
Tar-4 0.25 21.86
Tac-1 0.26 21.86
P-10 0.27 21.85

Actual (°C)

0.38 21.50
Tpin -0.03 21.25
Tpic -0.01 21.25
Tpout -0.03 21.14
Tlin -0.02 21.25
Tsin -0.03 21.27 l
Tsout -0.02 21.28
Tdef 0.00 1.27
Tlout 0.02 21.27

Table A4-9. Second Set of Results from Calibration



p Transd Calibration Procedure:

The pressure transducers were calibrated simultaneously using a pressure regulator calibration unit
(see figure 4). The output voltage of each pressure transducer was measured with a multimeter at
these various pressures: 0, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250 psig. The pressure
differential was calibrated using a U-tube manometer at various pressures.

Figure A4-6. Pressure Calibration Set-Up

The pressure was plotted versus the output voltage from each transducer. Regression analysis
provided best fit. The following figure (figure A4-7 and A4-8) shows the data points from the
calibration of a Setra Pressure Transducer that was used the testing. Note that the Senotec pressure
transducer is brand new, so the calibration curve from the manufacturer is used.
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Figure A4-7. Calibration Curve for Transducer used in Testing




Applied Differential Pressure vs Transducer Output
Calibration : (S.N. 676584)
Pressure Range: 0 - 5 PSID (0 - 34.5 kPa Diff)
Output Signal: 4 - 20 mA

1510

Delta Press (Pa) = 10.504*mVoits - 11063 {R=:0.99985} )

3

Differential Pressure (Pa)
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Figure A4-8. Calibration Curve for Pressure Differential used in Testing

Once the calibration curve was plotted, the uncertainty for the pressure transducer was calculated
so that percent uncertainty of the Total Load for "Refrigerating Time" and the Reduced Average
Load for the Overall Time Period could be determined. The uncertainty of the pressure transducer
reading are calculated based on ASHRAE Standard 2-1986 as:

uncertainty = L
vn

OJ='_!_1'E V(Pi"ﬁ)z

h—1%

where:
number of points used in calibrating transducers

value determined from t-distribution chart for (n-1) degrees of freedom (F) and
95% probability (P)

standard deviation

pressure data point

pressure obtained from calibration curve

The table below shows what the values for the uncertainty.

- s

SR Q



Press Press Output Press Cal (Press-
(gage) (kPa) Voltage Curv Curve)?2
0 0 1.143 1.517 2.302
25 172.369 1.637 170.194 4732
50 344738 2.156 347.406 — 7.119
75 517.107 2.647 515.058 4.198
100 689.476 3.166 692.271 7.810
125 861.845 3.66 860.947 0.806
150 1034.214 4.16 1031.672 6.462
175 1206.583 4.67 1205.812 0.595
200 1378.952 5.17 1376.537 5.835
225 1551.321 5.69 1554.091 7.670
250 1723.69 6.19 1724.816 1.267
n 11 o' 2.209 kPa
t 2.228 |Error +1.484 kPa

Table A4-10. Uncertainty Data of Setra Transducer
(Model: C206 | Serial #: 349494)
(Pressure Range: 0-250 psig | Output Range: 0.1 -5.1V)

Output Voltage| Press Diff [Press Cal Curv (Press-
(mVolts) (kPa) _ Curve)?2

1065 0 0.124 0.015

1218 1.743 1.731 0.000

1293 2.6145 2.519 0.009

1512 477932 4819 0.001

1815 8.0925 8.002 0.008

2190 12.014 11.941 0.005

2404 14.069 14.189 0.014

n 7|

t 2.447

o’ 0.094 kPa

Error + 0.087 kPa|

Table A4-11. Uncertainty Data of Setra Transducer

(Model: C230 / Serial #: 676584)

(Pressure Range: 0-5 psid | Output Range: 4 - 20 mA)
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Data Reduction
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TEST PROCEDURE AND ACCEPTANCE CRITERIA

Error! No table of contents entries found.The refrigerated case is operated in the
prescribed conditions as stated by the ASHRAE Standard. This conditions are:

Ambient Conditions:

e Test-room dry-bulb temperature shallbe 75 F + 3 F (23.9 C + 1.7C)

e Test-room wet-bulb temperature shallbe 64 F + 3F (17.8 C+ 1.7 C)

o Test-room air currents shall not exceed 50 fpm (0.25 m/s)

. '(Iéeos(t)-ll'oo? lighting shall be fluorescent with an illumination of not less than 75 footcandles

ux

e Power supply shall be maintained at the rated voltage, + 2 percent, and rated frequency, + 1
percent

Instruments Accuracy:

» All temperature measurements shall be within + 0.9 F + (0.5 C)

e Al pressure instruments shall be within 0.25 psi (1.5 kPa) for refrigerator vapor pressure and
5 psi (34 kPa) for liquid refrigerator inlet pressure

» Time measurements shall be made with an accuracy of + 0.5 percent

The display space is filled with test packages and dummy products as prescribed by the
Standard and shown in Figure 8. After repeatable conditions occur, the recorded data for a 24
hour period is treated as one test level (defined by Standard). Repeatability of test conditions are
determined by + 0.2 °C difference in package temperatures at the beginning and end of the 24 hour
period. Package temperatures generally take longer to reach steady state compared to other
parameters. _

In conformity with the Standard several measurements are taken One set value for the inlet
case temperature will determine a test level. The data for each required test level are plotted and
performance curves are developed over the desired range specified by the Standard.



Calculation of Data:

Overall Performance:

Integrated Average Temperature (IAT)
12 8 12
22 @)+ YT,

IAT = a=1 i=1 n=1
108
n number of test packages
i number of time intervals

Tn,9 temperatures of given test package at the moment when the warmest average test
package has reached it's peak temperature

Coldest Test Package Average (CTPA)

Y (r)+ T,
CTPA = min(n){ £ 5

Warmest Test Package Average (WTPA)
8

Z(T::‘k‘“‘“) + Tn,9
WTPA = max(n){ £ 5

Average Refrigerant Load for "Evaporator" (Baseline) (Qevap)
Qevap = mavg.prim[hv (Pv’Tv) - hl (Pl’ Tl )]

hy enthaply (kJ/kg) of leaving refrigerant vapor at Py and Ty

h] enthaply (kJ/kg) of entering refrigerant liquid at P] and T}

(Below values are average of bracketed parameters during last 3/4ths of each running cycle
in 24 hour period)

M, m Tefrigerant mass flow rate of primary loop(kg/s)

Py suction pressure (kPa) of refrigerant leaving evaporator (Prout)

Ty suction temperature (°C) of refrigerant leaving evaporator (Tro-avg)

| pressure (kPa) of refrigerant entering TXV to evaporator (Prin)

T] temperature (°C) of refrigerant entering TXV to evaporator (Trhx-2)

Average Refrigerant Load for "Refrigerating Time" (Qrt)



fl GV ¢ 4 C JV(T)ﬂ——
* [ F pxchr J

(Below values are average of bracketed parameters during last 3/4ths of each running cycle
in 24 hour period)

refrigerant mass flow rate of secondary loop(kg/s)

Cp,sr specific heat (kJ/kg K) of fluid through heat exchanger

Tin temperature (°C) of secondary fluid into display case (Trin)
Tout temperature (°C) of secondary fluid out of display case (Trout)

APxchr pressure drop (kPa) across heat exchanger (Dphx)
Pxchr density (kg/m3) of fluid across heat exchanger

m

avg,sec

. Average Refrigerant Load for "Evaporator" (Baseline) (Qevap)
chap _mavg pmn[ ( Tv)_hl(PI’TI)]

hy enthaply (kJ/kg) of leaving refrigerant vapor at Py and Ty

hy enthaply (kJ/kg) of entering refrigerant liquid at P] and T}

(Below values are average of bracketed parameters during last 3/4ths of each running cycle
in 24 hour period)

M., rw Tefrigerant mass flow rate of primary loop(kg/s)

Py suction pressure (kPa) of refrigerant leaving evaporator (Prout)

Ty suction temperature (°C) of refrigerant leaving evaporator (Tro-avg)

Pi pressure (kPa) of refrigerant entering TXV to evaporator (Prin)

T temperature (°C) of refrigerant entering TXV to evaporator (Trhx-2)

Shell and Tube Heat Exchanger
. Average Refrigerant Load for Shell & Tube Heat Exchanger (Secondary) (QshelD
chap = avg,prim[hv(Pv’Tv) - hl(Pl’Tl)]

hy enthaply (kJ/kg) of leaving refrigerant vapor at Py and Ty

h] enthaply (kJ/kg) of entering refrigerant liquid at P] and T}

(Below values are average of bracketed parameters during last 3/4ths of each running cycle
in 24 hour period)

Mg, im Tefrigerant mass flow rate of primary loop(kg/s)

Py suction pressure (kPa) of refrigerant leaving chiller (Ppout)
Ty suction temperature (°C) of refrigerant leaving chiller (Tpout)
P1 pressure (kPa) of refrigerant entering TXV to chiller (Ppin)
T] temperature (°C) of refrigerant entering TXV to chiller (Txv)



UA Values

. Average UA value for Evaporator (of Heat Exchanger)
Q =UA*LMTD
(Tac2—Trout)—(Tac3—Trin)

LMTD =
ln( (Tac2- Trout))
(Tac3—Trin)
Q Load of Evaporator (Qevap) or Heat Exchanger (Qrt) (see above for
. calculations)

LMID  Log Mean Temperature Difference for CounterFlow Heat Exchanger
(Note for Baseline Test Superheat is neglected - Trout = Trin)

Tac2 Inlet Air Temperature

Tac3 Outlet Air Temperature

Trin Inlet Refrigerant Temperature

Trout Outlet Refrigerant Temperature

Presentation of Data:

Test levels
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WTPA - Warmest Test Package Average Temperature
IAT - Integrated Average Temperature All Test Packages
CTPA - Coldest Test Package Average Temperature
Tin - Secondary Refrigerant Inlet Temperature

Tout - Secondary Refrigerant Outlet Temperature

RAL - Reduced Average Load for the Overall Period
mdot - Secondary Refrigerant Mass flow Rate

Figure A5-1. Presentation of Test Results



The results will be presented as shown in figure 10. The presentation is designed to reflect
the purpose of the test: to demonstrate equivalent performance of the display operating with
primary (baseline test) vs. secondary refrigerants. The upper three curves show the response of
the package temperatures to this change (WTPA, IAT, CTPA). The fourth curve represents the
temperature of secondary fluid existing display case. The last curve represents the reduced average
load for the overall period (Qoa). Qoa is influenced by the defrost time. Unlike for the baseline
test, the test level will be determined by the temperature of secondary fluid entering the display case

(Trin).
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Figure A5-2. UA values for various test runs (Baseline and Secondary Fluids)



Appendix 6

Heat Exchanger Dimensions
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Figure A6-1. Overhead view of Heat Exchanger
(Note: first half of heat exchanger fin density is twice of second half)
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Figure A6-2. Dimensions of Heat Exchanger
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Figure A6-3. Dimensions of Heat Exchanger
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Variable Parameter Value
inlets number of refrigerant inlets 3

Nt number of tube TOws transverse to air flow direction 3

NI number of tube rows 1n air flow direction 8

L_t length of tubes in heat exchanger (80 inches per pass) 2.032 {m}

L f length of finned portion of heat exchanger 2 (m)

Pl tube spacing 1n air flow direction, 1.25 inches 0.03175 {m}

Pt tube spacing transverse to air flow direction, 1.62 inches 0.03810 {m}
S_1 fin spacing for first half of heat exchanger, 1/Fp_1 0.00631 {m)
Fp_1 fin pitch for first half of heat exchanger, 322 fins/30 inches 158.46 {#fins/m}
S_2 fin spacing for second half of heat exchanger, 1/Fp_2 0.01262 {m}
Fp_2 fin pitch for second half of heat exchanger, 161 fins/80 inches | 79.23 (#fins/m}
t fin thickness 0.0002 {m}
D.in inner diameter of refrigerant pipe 0.01092 {m}
D.out outer diameter of refrigerant pipe, 0.65 inch 0.01270 {m}
S_p one-half wave length of fins 0.00794 {m}
S_d peak-to-valley wave depth of fins 0.0008 {m}

Dc fin collar diameter 0.1310 {m}

Table A6-1. List of Dimensions of Heat Exchanger




