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INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

(a)The freezer room having a dimension of 4.5m x 3m x 3.0 height and the wall thickness is
60mm with the inside design temperature -25°C .
Floor insulation has a total coefficient of transmission of 0.25 W/m?K while walls and roof
made of insulation panels of K = 0.25 W/m?K.
Outside temperature for 4 walls is 28°C, ground temperature is 27°C and roof 35°C.
Storage capacity is 450 kg with daily loading/unloading rate 45 kg at -18°C and a specific
heat of 1.8 kJ/kgK.
It handling by 2 motorized pallet truck of 2 kW each and daily net 3 hours are operating
inside the cold room.
There is 1 automatic door for entry and exit each, have a dimension 20 m Hx 1.5 m W
equipped with air curtains.
External conditions is 28°C, RH 70 % enthalpy 64 kJ/kg density 1.15 kg/m*® and internal
conditions -20°C, RH 95 % enthalpy -25 kJ/kg density 1.43 kg/m3.
Time for opening of the door for the passing of power lifts: 50 kg: 45 s
Lighting is 6 x 200W operating for a duration of 8 hours net per day
2 occupants for a net duration of 2 hours net per day and release heat 250 W/ person
Calculate the hourly refrigerating power for a maximum running time 18 hours per day.

(4 marks)
(b)In order to save energy, it is proposed that the incandescent lights be replaced by 3 high
efficiency fluorescent tubes , each consuming 40W. If the lights are on for an average of 8
hr a day, every day, determine the amount of electrical energy and money this facility will
save per year? Assume the refrigeration system has a COP of 3 and the cost of electricity is
$0.35/kWh. (2 marks)

Question 2

Draw the complete refrigerating diagram of principle on the basis of three (3) screw
compressor, commom oil separator, commom oil cooler, air cooled condenser, high
pressure bottle, expansion valve and low pressure bottle without pump (using gravity force)
supplying the evaporator.

(4 marks)
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Question 3

(i) Explain clearly about control of microorganisms in food highlighting the following:

i. What are the major causes of food spoilages?
ii. Differentiate between (a)enzymes (b)Yeast (c)Bacteria (d)Mold
iii. four environmental factors that affects growth of microorganism
iv. How can the microorganisms in foods be destroyed
(2Marks)

(i) Fresh strawberries with a water content of 80.9%(by mass) at 26°C are stored in 0.8kg
boxes made of polyethylene (Cp=2.3kJ/kg °C). Each box contain 25 kg strawberries , and
the strawberries are to be frozen to an average temperature of -16C at a rate of 80 boxes
per hour. The entalphy of the strawberries is given to be 367 kJ/kg at 0 °C and 54kJ/kg at -
16 °C. Taking the average specific heat of the strawberries above freezing temperature to be
Cp =3.94kJ/kg .°C, determine the rate of heat removal from the strawberries and their boxes,
in kJ/h.
(2Marks)

QUESTION 4
The chilling room of a meat plant is 18m x 18m x 6m in size and has a capacity of 350 beef
carcasses. The power consumed by the fans and the lights of the chilling room are 22 kw
and 2kW, respectively, and the room gains heat through its envelope at a rate of 11kW. The
average mass of beef carcasses is 300kg. The carcasses enter the chilling room at 35 C,
after they are washed to facilitate evaporative cooling, and are cooled to 16 C in 10hr. The
water is expected to evaporate at a rate of 0.080 kg/s. The air enters the evaporator section
of the refrigeration system at 0.5 °C and leaves at -2.2 °C. The air side of evaporator is
heavily finned, and the overall heat transfer coefficient of the evaporator based on the air
side is 22 W/m2.°C. Also, the average temperature difference between the air and the
refrigerant in the evaporator is 6.5 °C. Determine:

() The refrigeration load of the chilling room

(ii) The volume flow rate of air

(iii) The heat transfer surface area of the evaporator on the air side.

(4 marks)

FRB30603 COLD ROOM AND REFRIGERATED SHOWCASE 2
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QUESTION 5

{i} An R-134a commercial refrigerator has a design capacity of 4 tons and operates with a
saturated suction temperature of 40° F and a saturated condensing temperature of 120°F.The
copper suction line is 52 ft long and has 20 equivalent ft of fittings and valves. Select the proper
size for the suction line.

(i)An R-134a commercial refrigerator has a design capacity of four tons. It operates with a
saturated suction temperature of 40°F and a saturated condensing temperature of 120°F.The
copper discharge line is 30 ft long and has 10 equivalent ft of fittings and valves. Select the
proper diameter for the discharge line.

(iii)Sketch the location of hot gas de-frost line and explain its function.

(2 marks)

END OF QUESTION

FRB30603 COLD ROOM AND REFRIGERATED SHOWCASE 3
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APPENDIX 2
( +20°C % eloen o [
N wi| | - —
—>» <t 45mm 1.6 kW —- 52 kw -25°C +0°C -
Power Q at 50 Hz Cooling Air Air Tube Connections Sound Fans
DT1, RAD4AA area flow throw volume 7 (operating values at 50 Hz)
Type tDL'IJW :G;E I;I'_I'11 :1?;?( Inlet Outlet  Lyyp*=r Blades  Current type Per fan
kw kw m2 m3/h m dm3 @ mm @ mm dB(A) Pcs.x@mm Vz10% rpm w A
Tpp e dyfoy
SPA 011D & 1.65 2.44 6.9 820 4 1.4 10 12 63 1x250 230V -1 1347 85 0.59
SPA 021D & 1.80 2.65 9.1 760 4 1.9 10 12 63 1x250 230V -1 1347 85 0.59
SPA 031D = 2.65 3.93 10.3 1380 6 2.1 10 18 70 1x300 230V-1 1340 80 0.36
SPA 041D A 3.00 4.44 13.6 1300 5 2.8 12* 22 70 1x300 230V -1 1340 80 0.36
SPA 051D & 6.05 8.98 20.5 3020 8 4.2 12* 28 77 1x400 230V -1 1420 188 0.83
SPA 061D & 6.83 10.1 30.6 2720 7 6.3 12* 28 77 1x400 230V -1 1420 188 0.83
SPA 071D = 1.3 16.8 36.3 5800 17 7.6 15* 25 83 1x500 400V-3 1362 560 1.01
SPA 081D 2 13.1 19.3 54.2 5270 16 1.1 15*% 35 83 1x500 400V -3 1362 560 1.01
SPA 022D EE 3.62 5.34 18.2 1520 6 3.6 12* 22 66 2x250 230V-1 1347 85 0.59
SPA 032D o 5.33 7.90 20.6 2760 8 4.1 12* 28 73 2x300 230V -1 1340 80 0.36
SPA 042D 6.02 892 273 2600 7 5.5 12* 28 73 2x300 230V-1 1340 80 0.36
SPA 052D 11.9 17.7 40.9 6040 12 8.2 15*% 35 80 2x400 230V -1 1420 188 0.83
SPA 062D 13.4 19.7 60.9 5440 11 121 15* 25 80 2x400 230V-1 1420 188 0.83
SPA 072D 21.7 31.9 72.7 11600 22 143 15* 42 86 2x500 400V-3 1362 560 1.01
SPA 082D 25.7 37.9 108.3 10540 21 215 22* 42 86 2x500 400V -3 1362 560 1.01
SPA 023D 5.51 8.16 27.3 2280 8 5.3 12*% 28 68 3x250 230V -1 1347 85 0.59
SPA 043D 8.96 13.3 40.9 3900 10 8.0 15* 35 75 3x300 230V-1 1340 80 0.36
SPA 053D 18.2 27.0 61.4 9060 15 12.0 22* 42 82 3x400 230V -1 1420 188 0.83
SPA 063D 20.6 30.4 91.5 8160 13 18.0 225 42 82 3x400 230V -1 1420 188 0.83
SPA 073D 33.4 495 108.2 17400 26 213 22* 54 88 3x500 400V-3 1362 560 1.01
SPA 083D 38.3 56.3 162.7 15810 24 322 22* 54 88 3x500 400V -3 1362 560 1.01
SPA 024D 7.26 10.7 36.3 3040 9 7.1 12* 28 69 4x 250 230V -1 1347 85 0.59
SPA 044D 11.7 17.2 54.5 5200 12 10.6 15* 35 76 4x300 230V-1 1340 80 0.36
SPA 064D 26.9 39.6 122.0 10880 16 23.7 22* 42 83 4x400 230V -1 1420 188 0.83
SPA 074D 435 64.1 145.5 23200 28 28.6 22* 54 89 4x 500 400V-3 1362 560 1.01
SPA 084D 51.6 76.1 216.9 21080 26 41.0 28* 54 89 4 x 500 400V -3 1362 560 1.01
SPA 065D 34.1 50.4 152.4 13600 18 28.9 22%% 54 84 5x 400 230V -1 1420 188 0.83
Multiple injection via * flow distributor, ** KUBA-CAL® distributor
=** Modification of sound power level, see page 47
. See page 47 for information about Qy, diagram
Qy Diagram (R22, R134A, R404A, R507)
t,, [°C] Air inlet temperature Q, [kw] Capacity
-15 -10 -5 0 °C 5 10 15 20 05 07 1.0 kw 2.0 30 405060 80100 kw 20.0 30.0 40.0 50.0 700 100.0
7|||R\1;4\a|\ (R o '_I‘ L B o [I"\1=I‘4\K |||‘||\|m|ﬂj”||||‘I.\5|5||| \||||\|||||‘||||||\|m|||\||||||\|||| \|\|||||||||\||‘|\|‘|\||||\I\
o DH1=13K 1 /1] I,/b'!l A/ IR/ /Ay
| >-12°C x1.00 ] // / J/iNAy/Tawi /
“rmc xos w1k 10 A ATANRY 18/ Y/
T2 x50 DHI-11K N J/ i /i [y
e o [ g LI IV Y
oA 1.0 I /AR SAARY /1/AY// V0 W1l
— Dt1=0K add y/awi /7AWy wavi
Dt1-8K_ Jd__ Yy 1/ [ A N
] | 7/ / V74 /
e POTD /| S y /A4 AV IV
Dti-6K N y/Araw /4 /J/ /, /
- AN W /04
Dt1=4K 4 Y,
| | | | | || Jéj s 7 N
|||\|\|\ \|||||| n.\ | ‘Illlll\ 1 |I|‘|I\|\||l|\||‘|||||||”\||l*\lll ||| |I”h|l\|\| L | [N (N \|\||I|||I||\I|‘|\|‘|\||I|\I\
market plus SPAE..D / SPA..D 021 D31| 022 051 |051 052|062 72|
- Frost Limit =p—p— Example o 041 0233524 mgrwm 053 06[3)32 o73log3| oea
064 065 074
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( o g © 2 22 0

- -
= : - ”
—>» |—7mm 1.3 kWmm 44 kw -25°C -
Power Q at 50 Hz Cooling Air Air Tube Connections Sound Fans (&
DT1, RAD4A area flow throw  volume s (operating values at 50 Hz)

Type JI[)L'I]1 ZD;E })L'IJW-PTBIC( Inlet Outlet  Lyyp++ Blades Current type Per fan
kw kw m2 m3/h m dm3 mm @ mm dB(A) Pos.x@®@mm Vx10% rpm w A
Ppp¥iedyfo¥
SPB 011D @ 1.28 1.01 4.6 880 4 1.4 10 12 63 1x250 230V-1 1347 85 059
SPB 021D & 1.51 1.20 6.0 850 4 1.9 10 12 63 1x250 230V-1 1347 85 0.59
SPB 031D & 2.03 1.61 6.9 1450 7 2.1 10 18 70 1x300 230V-1 1340 80 0.36
SPB 041D & 2.45 1.94 9.1 1420 6 2.8 10* 22 70 1x300 230V-1 1340 80 0.36
SPB 051D ) 4.78 3.78 13.7 3320 9 4.2 123 28 77 1x400 230V-1 1420 188 0.83
SPB 061D & 5.93 4.70 204 3080 8 6.3 12* 28 77 1x400 230V-1 1420 188 0.83
SPB 071D @ 8.75 6.92 243 6250 18 7.6 1= 35 83 1x500 400V-3 1362 560 1.01
SPB 081D & 11.1 8.76 36.3 5880 17 11.1 15* 35 83 1x 500 400V-3 1362 560 1.01
SPB 022D 3.03 2.41 12.2 1700 6 3.6 10* 22 66 2x 250 230V-1 1347 85 0.59
SPB 032D 4.05 3.21 13.7 2900 9 4.1 10* 28 73 2x 300 230V-1 1340 80 0.36
SPB 042D 4.89 3.88 18.2 2840 8 5.5 12* 28 73 2x300 230V-1 1340 80 0.36
SPB 052D 9.49 7.52 273 6640 13 8.2 15* 35 80 2x400 230V-1 1420 188 0.83
SPB 062D 11.7 9.31 40.7 6160 12 12.1 155 35 80 2x400 230V-1 1420 188 0.83
SPB 072D 171 13.5 48.6 12500 23 14.3 15% 42 86 2x 500 400Vv-3 1362 560 1.01
SPB 082D 21.9 17.4 725 11760 22 21.5 22% 42 86 2x 500 400Vv-3 1362 560 1.01
SPB 023D 4.59 3.63 18.2 2550 8 5.3 12+ 28 68 3x250 230V-1 1347 85 0.59
SPB 043D 7.31 5.80 273 4260 1 8.0 155 35 75 3x300 230V-1 1340 80 036
SPB 053D 14.4 114 41.0 9960 16 12.0 22* 42 82 3x400 230V-1 1420 188 0.83
SPB 063D 17.8 14.1 61.1 9240 14 18.0 22% 42 82 3x400 230V-1 1420 188 0.83
SPB 073D 26.0 20.6 73.0 18750 27 21.3 22* 54 88 3x500 400V-3 1362 560 1.01
SPB 083D 32.6 25.9 108.8 17640 25 32.2 22% 54 88 3 x 500 400V-3 1362 560 1.01
SPB 024D 6.08 4.82 24.3 3400 9 7.1 12* 28 69 4x 250 230V-1 1347 85 0.59
SPB 044D 9.63 7.65 36.5 5680 13 10.6 155 35 76 4x300 230V-1 1340 80 0.36
SPB 064D 23.5 18.7 81.6 12320 17 23.7 22% 42 83 4x 400 230V-1 1420 188 0.83
SPB 074D 34.2 271 97.1 25000 30 28.6 22% 54 89 4x 500 400Vv-3 1362 560 1.01
SPB 084D 43.8 34.7 144.8 23520 28 41.0 28% 54 89 4x 500 400V-3 1362 560 1.01
SPB 065D 29.7 2315 101.9 15400 19 28.9 223 54 84 5x400 230V-1 1420 188 0.83
Multiple injection via * KUBA-CAL® distributor
** Modification of sound power level, see page 47
See page 47 for information about Qy; diagram
Qy Diagram (R22, R134A, R404A, R507)
t,, [°C] Air inlet temperature Q, [kW] Capacity
-25 -20 -15 -10 -3 0 °C 5 10 05 07 10 kw 20 3.0 405060 80100 kW 200 30.0 40.0 500 70.0 100.0
L0 o I B L B AT L A A AR Y 1 L L A LR o S R R WA RR L1 L O
S R R R R e N A KA AN
- t Qo “Dt1=13K
_>-12C x1.00 — / / | WIA)/ A/
>7C x0.96 Dt1= 12k [ ] A/
_Tirc x0s0 ~ _Dt1=11K Ay )L T )
P R v I I T T
R AT ma—— g iV iV T AT
S L Dt1=9K AAvIVaari /e yirivannm
(32 _Dt1=8K_| |1 / /. A&/ a/ayinE i
= =] AVIVAV (/AV &/ 0/ AR
] e |,/ SPBOTID / . AL/
I E— Dt1=6K VAWV iV / i/ S
——— B YAV IR 0]
i AN 4 /474 LhoE
Dt1=4K /
1 A7 / -
Ll Ll L1l T L1 n. L1 |I|\I||MH|\|\|||I|"|| ||,|_|\ ||I!w|l |\|||I||le L \\lu N IR I AR T T N
market plus SPBE..D / SPB..D 011021 031 041 022 [)32' 042 071[081f |072] 082
- Frost Limit —»—p— Example 051 061 DSSLDEZI’SB 063 o64| |o83 |oga

023 024 043 073 065 074
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APPENDIX 3
R134a
Leistungswerte Performance data Données de puissance
bezogen auf 20°C Sauggastemperatur based on 20°C suction gas temperature se référant une température de gaz aspiré de
mit Flussigkeits-Unterkihlung, 50 Hz with liquid subcooling, 50 Hz 20°C avec sous-refroidissement, 50 Hz
Typ lTJé"ngsb" Kalteleistung Leistungsaufnahme
T o ) ; Cooling capacity QO [Wati] Power consumption Pe@) [kW]
ype " MILTER Puissance frigorifique Puissance absorbée
emp.
Type Temp.
Daglblante + Verdampfungstemperatur °C Evaporation temperature °C Température d'evaporation °C
. 10 5 0 -5 -10 -15 -20 -26 -30
27 Q 11730 9950 8350 6910 5640 4520 3550 2710 2010
P 2.68 2,46 2,24 2.03 1.82 1.61 1.41 1.20 1.00
Y Q 11040 9360 7840 6480 5210 4210 3290 2500 1820
LHB4/2CC-3.2Y 32 P 2.85 261 2,38 2,15 1.92 1.70 1.47 1.24 1.02
43 Q 9550 8090 6760 5560 4500 3560 2740 2040 1450
E 3.20 292 2.66 2.39 212 1.85 1.58 1.31 1.03
27 Q 12270 10360 8650 7130 5800 4630 3620 2760 2030
P 2.55 2.35 2.16 1.97 1.78 1.58 1.39 1.19 1.00
N Q 11560 9750 8120 6690 5420 4310 3360 2540 1850
LHa4/2CC-4.2Y 32 B 2.12 2.51 2.30 2.09 1.88 1.66 1.45 1.23 1.02
43 Q 10050 8450 7020 5740 4620 3650 2800 2080 1470
P 3.08 2.83 2,59 2,33 2,08 1.82 1.56 1.29 1.03
20 Q 12480 10570 8840 7290 5920 4710 3660 2760 2000
[ 2,75 2:55 2,35 215 1,94 1.72 1.50 1.28 1,04
_ Q 11750 9950 8310 6840 5530 4380 3380 2520 1800
LHB4/4FC-3.2Y 32 P 2,91 2,68 2,47 2,25 2.03 1.80 1.56 1,31 1,05
43 Q 10190 8610 7170 5870 4720 3700 2810 2050 1400
B 3.25 2.97 2,71 2,46 2.20 1.93 1.65 1.35 1.04
27 Q 13090 11020 9160 7520 6080 4820 3730 2810 2040
P 21 2,51 2,31 211 1,90 1.69 1.48 1.27 1,05
. Q 12330 10370 8610 7050 5670 4480 3450 2570 1830
LH84/4FC-5.2Y e [ 2,89 2,68 2,46 2,24 2,01 1.78 1.54 1,30 1,05
43 Q 10740 9010 7450 6070 4850 3780 2860 2080 1410
P 3.28 3.02 2,76 2.49 2,22 1.94 1.64 1.34 1.04
27 Q 15130 12930 10900 9070 7420 5970 4710 3630 2120
B 3,97 3.67 3.37 3.08 219 2.50 2.21 1.92 1.64
Q 14190 12120 10210 8480 6920 5550 4350 3320 2450
LHB4/4EC-4.2Y 3z P 4.21 3.87 3.55 3.22 2.89 2.57 2,25 1.93 1.61
43 Q 12170 10390 8730 7210 5840 4630 3560 2640 1870
E 4.72 4.31 3.90 3.49 3.08 2.68 2.28 1.88 1.48
27 Q 16200 13730 11490 9500 7740 6200 4860 3710 2150
P 3.68 3.44 3.20 2.96 2.70 2.44 2.16 1.88 1.59
Q 15220 12890 10780 8890 7220 5760 4490 3400 2490
LH84/4EC-6.2Y 2 B 3,95 3.68 3,40 311 2.82 2,52 2.21 1.89 1,56
13 Q 13110 11080 9230 7580 6110 4810 3690 2730 1910
P 4,53 4,16 3.79 3,41 3,03 2,64 2,24 1.85 1.44
27 Q 18710 15940 13410 11130 9100 7300 5730 4370 3210
[ 4,60 4,22 3.85 3,48 3.13 2,78 2.43 2,08 1,72
Y Q 17600 14990 12590 10430 8500 6800 5300 4010 2910
LH84/4DC-5.2Y 32 P 4,87 4,46 4,07 3,68 3,29 2,91 2.53 214 1,75
43 Q 15230 12940 10840 8940 7240 5740 4410 3270 2300
B 542 497 452 4,07 3.61 3.16 2.69 2,22 1.74
27 Q 19590 16590 13890 11470 9340 7470 5840 4450 3270
P 4,39 4,05 37 3,38 3,05 2,72 2.39 2,06 1,74
~ Q 18470 15620 13050 10760 8730 6950 5410 4080 2960
LH104/44DC-7.2Y g2 P 4,67 4,30 3,94 3,58 3,22 2.85 2.49 212 1,75
43 Q 16060 13550 11280 9250 7460 5880 4510 3330 2330
P 5.25 4.83 4,40 3.97 3.54 3.10 2,65 2,20 1.73
27 Q 21350 18340 15530 12970 10660 8610 6810 5240 3900
B 5,86 530 4,76 4,24 S5 3.28 2.83 22 1,97
Q 20100 17220 14580 12150 9970 8020 6310 4820 3540
LHB84/4CC-6.2Y 32 P 6.17 5.58 501 4.46 3.94 3.43 2.94 246 1.99
43 Q 17320 14850 12540 10420 8500 6780 5270 3940 2810
B 6.81 6.15 551 4.90 4.29 3.70 S 2.56 2.00
27 Q 23400 19840 16640 13770 11240 9010 7070 5410 4000
P 5.35 491 4.47 4.04 3.61 3.18 2.76 2.35 1.96
Q 22000 18660 15630 12920 10510 8390 6550 4970 3630
LH114/4CC-9.2Y 32 [ 571 522 4,75 4,27 3,80 3.34 2,88 2,43 1,99
43 Q 19040 16120 13470 11080 8970 7100 5470 4070 2880
P 5,43 5,86 5,30 4,74 4,19 3.64 3.09 2,54 2,01
@ Leistungsaufnahme des Verdichters. @ Power consumption of compressor. (D Puissance absorbee du compresseur. Pour
Werte fur Verflussiger-Lufter siehe Values for condenser fans see les valeurs des condenseur-ventilateurs voir
"Technische Daten" (Seite 18 und 19) "Technical data” (page 18 and 19) "Caracteristigues techniques’ (page 18 et 19)
Zusatzkuhlung durch Verflissiger- Additional cocling by means of Refroidissement additionel par ventilateur
Lufter oder eingeschrankte Saug- condenser fan or limited suction du condenseur ou température de gaz
gastemperatur. gas temperature. . . aspire limitee. ) .
Bei Regelung der Lufter-Drehzahl With fan speed caontrol mind sufficient Avec regulation de la vitesse du ventilateur
auf ausreichende Beldftung des ventilation of the compressor! tenir compte a ventilation suffisante du
Verdichters achten! compresseur!

FRB30603 COLD ROOM AND REFRIGERATED SHOWCASE 7
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Technische Daten Technical data Caracteristiques techniques
Verflissigungssatz Verdichter Lufter Sammler
Typ Compressor Fan ® Receiver
Compresseur Ventilateur Reservoir
Motar- max. Strom- Leistungs-  |Luftdurch- |Standard | Maximale Kalte- Option Gewicht
Anschluss | Betr.-Strom | aufnahme aufnahme satz Typ mittel-Fallung groBerer | (Stand.)
O] Verflussiger ® Sammler
Condensing unit  |Mator max. Current Power Air flow Standard | Maximum refrigerant | Option Weight
type connection | operating consumption| consumption |condenser |type charge @ larger (Stand.)
current receiver
Groupe de Raccorde- | Courant de [Consom. Puissance Debit d'air | Type Charge maximum Option Poids
condensation ment de service max.|de courant | absorbee condenseur|standard | de fluide frigorigéne | réservoir | (Stand.)
type moteur ® plus grand
@ R134a |R404A| R22
R507A
A A Walt m3/h kg kg kg kg
LH32/2KC-05.2(Y) 4,6/2,7 0,54 120 1750 FS36 3.3 29 &) FS56 70
LH32/2JC-07.2(Y) 6,0/3,5 0,54 120 1750 FS36 3.3 29 3.3 FS56 70
LH33/2HC-1.2(Y) 6,1/3,5 0,55 120 1710 FS36 3.3 Z3 33 FS56 7
LH33/2HC-2.2(Y) 7.4/4.3 0,55 120 1710 FS36 3.3 29 3.3 FS56 73
LH33/2GC-2.2(Y) 8,1/4,7 0,55 120 1710 FS36 23 29 383 FS56 73
LH44/2GC-2.2(Y) 8.1/4,7 0,56 125 1840 FS56 6.2 54 6.1 FS76 81
LH44/2FC-2.2(Y) Ny 8,5/4,9 0,56 125 1840 FS56 6,2 54 6.1 FS76 80
LH44/2FC-3.2(Y) 88 10,0/5,8 0,56 125 1840 FS56 6,2 54 6,1 FS76 81
LH44/2EC-2.2(Y) oz 9,9/5.7 0,56 125 1840 FS56 6,2 54 6.1 FS76 98
> >
LH64/2EC-3.2(Y) == 12,0/6,9 1,41 301 3884 FS76 86 75 8,5 FS126 129
[=Fe}
LH53/2DC-2.2(Y) Q @ 11.9/6.9 0.86 194 2528 FS56 6,2 5.4 6.1 FS76 114
LH64/2DC-3.2(Y) 22 13.5/7.8 1.41 301 3884 FS76 86 7.5 8,5 FS126 129
oM =
LH64/2CC-3.2(Y) a3 14.,8/8,5 1.41 301 3884 FS76 86| 175 8.5 FS126 128
==
LH84/2CC-4.2(Y) 28 16.4/9,4 3,08 485 4577 FS126 | 143 | 125 | 142 FS202 134
o
LH64/4FC-3.2(Y) o: - 15,9/9,2 1.41 301 3884 FS76 86| 75 8.5 FS126 140
[ (e
LHB84/4FC-5.2(Y) o 18,7/10,8 3,08 485 4577 FS126 | 143 | 125 | 142 Fsz202 151
LH64/4EC-4.2(Y) 18,5/10,7 1,41 301 3884 FS76 86| 715 8,5 FS126 142
LHB84/4EC-6.2(Y) 22,913,2 3,08 485 4577 FS126 | 143 | 125 | 142 FS202 151
LH84/4DC-5.2(Y) 23,4113,5 3,08 485 4577 FS126 | 14,3 | 125 | 14,2 FS202 153
LH104/4DC-7.2(Y) 27,5/15,9 2x%1.47 2% 316 7248 F152H | 166 | 14,4 | 16.3 F302H 200
LHB84/4CC-6.2(Y) 27,5115,9 3,08 485 4577 FS126 | 143 | 12,5 | 14,2 FS202 157
LH114/4CC-9.2(Y) 34,5/20,0 2% 1,41 2% 301 7804 F152H | 166 | 14,4 | 16,3 F302H 217

FRB30603 COLD ROOM AND REFRIGERATED SHOWCASE 8



CONFIDENTIAL

SEPTEMBER 2014

APPENDIX 4

OFG

0zs

0as

08¥

09F

Ot

02k

Rl AT
QGDE _" LI \d..._..

FRB30603 COLD ROOM AND REFRIGERATED SHOWCASE



SEPTEMBER 2014

CONFIDENTIAL

Thermophysical Properties of Refrigerants 20.17
Refrigerant 134a (1,1,1,2-Tetrafluoroethane) Properties of Saturated Liquid and Saturated Vapor
i P Enthalpy, Entropy, Specific Heat Velacity of Viscasity, Thermal Cond.,

Temp.- 1;‘““: DI:;;? ‘z;‘{:‘; kkg WikeK) ¢ kIkeK) e, Soundmis WPa-s mW/(m-K) ;:;f:: Temp.*
°C MPa Liguid Vapor Liquid Vapor Liguid Vapor Liguid Vapor Vapor Liguid Vapor Liguid Vapor Liguid Vapor mN/m °C
—103.307 0.00039 1591.1 354960 71.46 33494 04126 19639 1.184 0585 1.164 1120 1268 21750 646 1452 3.08 2807 -103.30
—100.00 0.00056 15824 251930 7536 336.85 04354 19456 1.184 0593 1162 1103 1279 18930 6.60 1432 334 27.50 -100.00
—90.00 000152 15558 9.7698 8723 34276 05020 18972 1.18% 0617 115 1052 131.0 13390 7.03 1373 415 2579 —90.00
—80.00 0.00367 1529.0 42682 99.16 34883 05654 1.8580 1.198 0.642 1.151 1002 1340 10180 746 1315 495 2410 -80.00
—70.00 000798 15019 20590 111.20 35502 06262 1.8264 1.210 0667 1.148 952 1368 8092 7.89 1260 575 2244 -70.00
—60.00 0.01591 14743 1.0790 12336 361.31 06846 18010 1.223 0.692 1146 903 1394 6631 830 1207 6.56  20.80 —60.00
—50.00 002945 14463 060620 13567 367.65 07410 17806 1238 0720 1146 855 1417 3551 872 1156 736 19.18 -50.00
—40.00 005121 14177 036108 14814 37400 07956 17643 1255 0749 1148 807 1436 4722 912 1106 817 17.60 —40.00
—30.00 008438 13884 022504 160.79 38032 08486 17515 1273 0.781 1.152 760 1452 4064 952 1058 8.99 16.04 —30.00
—28.00 009270 13824 020680 16334 38157 08591 17492 1277 0788 1153 751 1454 3949 960 1048 9.15 15.73 -28.00
—26.07b 0.10133 13767 019018 16581 38278 08690 17472 1281 0794 1154 742 1437 3842 968 1039 931 1544 -26.07
-26.00 010167 13765 018938 16590 382.82 08694 17471 1281 0.794 1.154 742 1457 3838 9068 1039 932 1543 -26.00
—24.00 011130 13704 017407 16847 38407 08798 17451 1285 0801 1155 732 1459 3731 977 1029 048 15.12 -24.00
—22.00 012165 13644 016006 171.05 38532 08900 17432 1289 0809 1156 723 1461 3629 9.8 1020 9.65 14.82 -22.00
—20.00 013273 13583 014739 17364 38655 09002 17413 1293 0816 1.158 714 1463 3530 992 1011 9.82 14.51 —20.00
-18.00 014460 13521 013592 17623 38779 09104 17396 1297 0823 1159 705 1464 3435 1001 1001 998 1421 -18.00
-16.00 015728 13459 012551 17883 389.02 09205 17379 1302 0831 1161 695  146.6 3343 10.09 992 1015 1391 -16.00
-14.00 017082 13397 011605 18144 39024 09306 17363 1306 0838 1163 686 1467 3254 1017 983 1032 13.61 -14.00
-12.00 0.18524 13334 010744 18407 39146 09407 17348 1311 0846 1165 677 1468 3169 1025 974 1049 1332 -12.00
—10.00 020060 13271 009939 186.70 392.66 09506 17334 1316 0834 1167 668 1469 3086 1033 965 10.66  13.02 -10.00
—8.00 021693 13208 009242 18934 39387 09606 17320 1320 0863 1169 658 1469 3006 1041 956 1083 12.72 -8.00
—6.00 023428 13143 0083587 19199 39506 09705 17307 1325 0871 1171 649 1470 2029 1049 947 11.00 1243 —6.00
—4.00 025268 13079 007987 19465 39625 09804 17294 1330 0880 1174 640 1470 2854 1057 938 11.17 1214 —4.00
—2.00 027217 13014 007436 197.32 39743 09902 1.7282 1336 0888 1176 631 147.0 2781 10.65 929 11.34 11.85 -2.00
0.00 029280 12948 006931 20000 39860 1.0000 17271 1341 0897 1179 622 1469 2711 1073 920 1151 1156 0.00
200 031462 12881 006466 20269 399.77 1.0098 17260 1347 0906 1182 612 1469 2643 1081 911 11.69 1127 200
4.00 033766 12814 006039 20540 40092 1.0195 17230 1352 0916 1185 603 1468 257.6 10.90 90.2 11.86 10.99 4.00
6.00 036198 12747 005644 20811 402.06 1.0292 17240 1358 0925 1189 594 1467 2512 1098 894 1204 1070 6.00
8.00 0.38761 12679 005280 210.84 40320 1.0388 1.7230 1364 0935 1192 585 1463 2449 11.06 885 1222 1042 8.00
10,00 0.41461 1261.0 004944 21358 40432 1.0485 1.7221 1370 0945 1.196 576 1464 2388 11.15 87.6 1240 10.14 10.00
1200 0.44301 12540 004633 21633 40543  1.0581 1.7212 1377 095 1200 3566 1462 2329 1123 86.7 12.58 9.86 12.00
1400 047288 12469 004345 219.09 406.53  1.0677 1.7204 1383 0967 1204 557 1460 2271 1132 859 1277 9.58 14.00
1600 050425 12398 004078 22187 40761 10772 17196 1390 0978 1209 548 1437 2215 1140 850 1293 930 16.00
1800 053718 12326 003830 22466 40869 1.0867 1.7188 1397 0989 1214 539 1455 216.0 11.49 841 13.14 9.03 18.00
20,00 057171 12253 003600 22747 409.75 1.0962 1.7180 1405 1.001 1219 530 1451 210.7 11.58 833 1333 8.76 20.00
2200 0.60789 1218.0 003385 23029 410.79 1.1057 17173 1413 1013 1224 520 1448 2055 11.67 824 13.53 848 22.00
2400 0.64578 12105 00318 23312 411.82 11152 17166 1421 1.025 1230 511 1443 2004 1176 g8l6 1372 8.21 24.00
26.00 0.68543 12029 003000 23597 41284 11246 17159 1429 1038 1236 502 1441 1954 11.85 80.7 1392 7.95 26.00
28.00 0.72688 11952 002826 23884 413.84 11341 17132 1437 1052 1243 493 1436 1905 1195 798 1413 7.68 28.00
30,00 0.77020 11875 002664 241.72 41482 11435 17145 1446 1065 12490 483 1432 185.8 12.04 79.0 1433 7.42 30.00
3200 081543 11796 002513 24462 41578 11529 17138 1456 1.080 1257 474 1427 181.1 12.14 781 1454 7.15 32.00
3400 0.86263 1171.6 002371 24754 416.72 1.1623 17131 1466 1.095 1265 465 1421 176.6 12.24 773 1476 6.89 34.00
36.00 091185 11634 002238 25048 417.65 1.1717 17124 1476 1111 1273 455 1416 1721 1234 764 1498 6.64 36.00
3800 096315 11551 002113 25343 41853  1.1811 17118 1487 1127 1282 446 1410 167.7 12.44 756 1521 6.38 38.00
40.00 1.0166 11467 001997 25641 41943 11905 17111 1498 1.145 1292 436 1403 1634 12.55 747 1544 6.13 40.00
4200 1.0722 11382 001887 23941 42028 11999 17103 1510 1163 1303 427 1397 1592 1265 739 1568 5.88 42.00
4400 1.1301 11295 001784 26243 421.11 12092 17096 1523 1.182 1314 418 1389 155.1 1276 73.0 1593 5.63 44.00
46.00 1.1903 1120.6 001687 26547 42192 12186 1.7089 1537 1202 1326 408 1382 151.0 12.88 721 1618 5.38 46.00
4800 12529 11115 001595 26853 42269 12280 17081 1551 1223 1339 399 1374 1470 13.00 713 1645 513 48.00
50,00 13179 11023 001509 271.62 42344 12375 17072 1566 1246 1334 389 1366 1431 1312 704 16.72 4.89 50.00
5200 13854 10929 001428 27474 42415 12469 17064 1582 1270 1369 379 1357 1392 1324 696 17.01 465 52.00
54.00 1.4555 10832 001351 277.89 42483 12563 1.7055 1.600 1.296 1386 370 1347 1354 1337 68.7 1731 441 54.00
56.00 15282 10734 001278 28106 42547 12658 17045 1618 1324 1405 360 1338 1316 1351 678 17.63 418 56.00
58.00 16036 10632 001209 28427 42607 12753 17035 1638 1334 1425 350 1327 1279 1365 67.0 1796 395 5800
60.00 1.6818 10529 001144 28750 426.63 1.2848 1.7024 1660 1387 1448 340 1317 1242 1379 66.1 1831 3.72 60.00
6200 1.7628 10422 001083 290.78 427.14 12944 17013 1684 1422 1473 331 1303 1206 13.95 652 18.68 349 62.00
6400 18467 10312 001024 29409 42761 13040 17000 1710 1461 1501 321 1294 1170 1411 643 19.07 327 64.00
66.00 19337 10200 000969 29744 42802 13137 16987 1738 1504 1532 311 1281 1135 1428 634 19.50 3.05 66.00
68.00 2.0237 10083 000916 30084 42836 13234 16972 1769 1552 1567 301 1268 1099 14.46 626 1993 2.83 68.00
70.00 2.1168 9962 000865 30428 428.65 13332 16936 1.804 1.605 1.607 290 1255 106.4 14.65 61.7 2045 2.61 70.00
7200 22132 9838 000817 307.78 42886 13430 16939 1843 1665 16353 280 1240 1029 1485 60.8 2098 240 72.00
7400 23130 9708 000771 31133 429.00 13530 16920 1887 1734 1705 269 1226 99.5 15.07 599 2156 220 74.00
76.00 24161 9573 000727 31494 42904 13631 16899 1938 1812 1766 259 1210 96.0 1530 590 2221 1.99 76.00
7800 25228 9431 000685 31863 42898 13733 16876 1996 1904 1838 248 1194 925 15.56 581 2292 1.80 78.00
80.00 2.6332 9282 000645 32239 42881 13836 1.6850 2065 2012 1924 237 1177 89.0 15.84 572 2372 1.60 80.00
8500 29258 8872 000530 33222 42776 14104 16771 2306 2397 2232 207 1131 802 16.67 549 2622 1.14 85.00
90.00 3.2442 8378 000461 34293 42542 14390 1.6662 2756 3.121 2.820 176 1079 70.9 17.81 52.8 2991 0.71 90.00
93.00 3.5912 7727 000374 35525 42067 14715 1.6492 3938 35020 4369 141 1019 60.4 19.61 517 3640 0.33 95.00
100.00 39724 6512 000268 37330 40768 15188 16109 1759 2535 2081 101 94.0 451 2421 599 6058 0.04 100.00
101.06° 4.0593 5119 000195 389.64 389.64 15621 1.5621 @ @ @ 0 0.0 — — o0 @ 0.00 101.06
*Temperatures on ITS-90 scale *Triple point ®Normal boiling point “Criftical pomt
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