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REIGETION .1W COLD ST0RE 
IJNT DES IGI POR TURKEY 

(C.L.cITY 30 TONS CLE.R ICE) 

by 

SEVXET KIZILICLYà 

DESIGN 

Tis is a combination ice and cold storage plant to 

be designed with the following specifications: 
Daily capacity of loe plant is to be thirty tons of 

clear ice. Blocks are to be frozen in 11" x 22T1 x 

1iigi ice cans, ea&h 1aving capacity o± 315 lbs. of ice. 
S1ut down -- 4 months 

tall capacity -- 4 months 

1/2 capacity -- 4 months 

Ice storage room is to hold. 200 tons 0±' ice with sufficit 
working space. Tenerature is to be maintained at 260 p 

for 12 months a year. 
Pish storage room should be at temperature of 80 

to be maintained for 12 months per year. 
Fish freezing room. í fish freezer daily capacity 

of 500 lbs. is to be operated 12 months per year. Room 

temperatures are to be maintained at _50 

Compressor room is to be located near the ice tank 

and all compressors are to be driven by electric motors. 
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Two ice tanks of " steel will be used. Each tank 

will l'ave one accumulator and one brine pwnjJ. The tanks 

are to be insulated with 12" of granulated cork on the 

sides and 5" of corkboarcJ. on the bottom. 

Bui i ding s 

ll walls are to be 12" brick. 

Insulation 

Corkboard is to be used tl'rougout, including ice 

tank insulation. 
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INUL.T ION 



IiT3ULTIOI 

Insulation is to provide a suitable wall to prevent 
te penetration o± n unreasonable amount of heat. It is 
not possible to prevent the loss of refrigeration no 

matter ow perfect an insulation is used, and te commer- 

cial aspect of te problem must be considered.. 
Por evy case tiere is a maximum amount of insula- 

tion that can be practicably installed. then te fixed 
cirges on t1e additional investment exceed savings, it 
is unprofitable to add additional insulation. 

The selection of a suitable insulating material and. 

its correct application is one of te most important 
problems in the design of a refrigerating plant. 

The most common insulation is cork, and its largest 
use is for thermal insulation for low temperatures, both 

in the form of corkboard snd cork pipe covering. 
The most serious obstacle to the efficiency of low 

temperature insulation is penetration of water vapor. The 

thermal conductivity of any material increases with the 
increase in moisture content. 

cellent vapor stops in the form of asphalt satur- 
ated and coated. pers are now available. 
insulation of walls it is used. sphalt 
easier and more practical to use than an 

The vapor stop or vapor barrier is placed. 
of the insulation since the flow of vapor 

to the cold side. 

Therefore, in 
3oated papers are 
other vapor stops. 
on the warm side 
is from the warm 
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Thermal Conductivity Constant K for oorkboard and 

other materials is given in tbe accompanying table. 

Properties of Cork and Other Low-Temperature Insulation 

(K is expressed in B.t.u. per sq. ft. per deg. P. 
per hr. per in. at 65 deg. P., mean temperature) 

Material or Bensity Conductivity p. 
Porm lb.per cu.ft. K Heat Pire Hazard 

Corkboard.... 7-- to 8 0.28 0.44 $low bu.rning 
'tRook Cork". 14 3/4 to 17 0.30 to 0.32 0.27 " 
Fair Pelt... 8 to 21 0.31 to 0.33 0.32 " 
iool Pelt... 1? to 27 0.2'? to 0.29 -- " 
Fibre Board 14.5 to 17 0.33 to 0.36 0.32 " 

n 

Refleotive Pireproof, ex- 
Insulation Very light low -- cept when 

mounted on 
paper 

Glass & Mm- 
eral Wool.. 1.5 to 7 0.25 to 0.28 0.20 Pireproof 

Redwood Bark 
(Packed)... 2.5 to 6.5 0.23 to 0.30 -- Combustible 

C ellular 
Glass ..... 9.? to 11.4 0.48 0.16 Fireproof 

Sponge Rubber 4.5 to 5.? 0.21 to 0.25 0.20 Combustible 
"Unicel".... 5.5 to 7 0.27 to 0.29 -- Slow burning 

Compressibility of corkboard. insulation has an average 

compression of 7 to 10 percent under a sustained load of 

10 lbs. per sq. in. for approximately 200 hrs. When the 

load is removed, the greater part of the original thickness 

of the cork is restored. The rate of heat flow through 

Insulation increases in almost direct proportion 1x the 

decrease in thickness. 
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Economie Thickness of Insulation 

The thickness of insulation to be c1osen is that 

w1iic1 will give th e greatest return on the investment. 

The factors influencing a coice of the economic thick- 

ness include 

1. The cost of a ton of refrigeration delivered, 

per 24 ou.rs. 

2. The annual investment cost of insulation applied, 

3. The annual investment cost of the refrigerating 

equipment not included in item one, and particularly the 

room piping, etc., 

4. The value of the space occupied by the insula- 

tion, per year, considering the case o± a wall, ceiling or 

floor. 

*These losses may be expressed in the following 

manner: 

Let X = the thickness of the insulation, in inc1es 

e - the coefficient of conduction of the 

insulation, per 1 in. thick, per 'r'our 

P - the yearly load factor 

B - the cost in dollars for the insulation 

applied, per 1 in. thick per sq. ft. of 

surface. 

a the cost in dollars per ton of refrigeration 

*Lacintire, F. J., Refrigeration Engineering, Rev. Ed., 
John wiley & Sons. 



G the cost in dollars per ton of refrigeration 
of the machinery, not included, in A 

I the interest rate as a percent on the in- 
sul at ion lily estment 

R the repair cost per year as a percent of the 
insulation first cost 

Y the life of the insulation, in years 
I, R, r similar values applied to machinery, 

InG 

ta the temperature of the outside air, degrees 

F a an average for the period of operations 

tm = the maximum temperature of the outside air 
in degrees P 

t = the temperature of the cold, storage room 

in degrees P 

t the temperature of the refrigeration in 
the piping in degrees P 

3 : the value per year of i eu. ft. of space 

in the cold storage room 

U = the coefficient of heat transfer of the 
wall per sq. ft. per hour for the materials 
of construction other than the insulation 
as given by the usual formula: 

1 l +T 
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1. The cost per year of the heat leakage through the 

insulation t8 - t 4 365 x F x . 

8opp 

2. The cost of the insulation p year, per square foot 

per 1 in. thick B x ___ - . 

3. The cost per year of the investment reauired to offset 

the heat leakage through the insulation 

tmt x24 xG1 -R' - 11 
I + X 288Ób5 
U O 

4. The cost of the space occupied by the insulation per 

year = 

12 

s a rule the cost of insulition, aoplied, can be 

expressed by the formula 

wh e r e 

B : 2L 9 B' 

0T 
j the cost of finish, plaster, nails, labor and. 

overhead per square foot, and. 

B' is the cost of the insulation delivered to the 

i s 

àlso if P is the cost in dollars per square foot of 

refrigerating piping installed in the cold. room as te 

equipment represented. by G, 



Then G l2000 
U' x (t_tv) 

where U' the coefficient of heat transfer for the 

piping pr hour 

Then if Z total cost per year, 

Z tat x 365Ä Q' + B' zn - R - 
i 12000 Li 1 

.. t»çt X J. X 12000 X XIi' - R' - 
12000 U' x(t-t UU 

Por a minimum, O so, by differentiating and putting 
dx 

this equal to zero and solving for X, the result becomes 

X 1.74 ¿(tat)P - O.327J? I' - R' - 100 (tmt)xO - C k(t-t) Y' 



Using t!'e following approximate values, 
a 

I'= 6fo 

R3 
R' 3 

Y 15 

Y': 8 

U' 1.5 B.t.u./hr. 
O - 0.35 B.t.u./hr. 
tav 95 deg. P 

(t_tv) - 12 deg. P 

10 
2.00 

S 0.40 per eu. ft. 
t 95 deg. P. 

2 4.00 the cost of piping per square foot installed 
plus all accessories 

B 0.72 - O.065X 

G : 288000 
24 x k x (t_tv) 

we get 7" thickness of insulation. 
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DL'ELiII&a.TIOi OP L0) 

In determining tie loads, te following factors are 

determined: 

a. Losses t1roug walls 

1. Side walls 
11 

2. Ceiling and floor 
12 

b. Losses due to air caziges 

o. Liiscellaneous losses 
1. Loss due to m&ì working men 

2. Loss due to light bulbs ligt 
d. Cooling Load. 

ICE STQRE ROOM 

a.l. Storage temperature 260 F 

Outside temperature 950 F 

Temperature difference 690 p 

From Table I, Refrigeration flata Book, j) 169, 

approdmate wall 1eat losses in commercial 

fixture 
For 69° F temperature difference and 7" cork insula-. 

tion. 



Size of the room - 361 x 241 X 251 

Total area of t. e side walls, 

= 2 x 25(36 + 24) 

- 3000 ft2 

Vall losses, 

b. 

wi = 3000 t2 x 71 E.t.u. 
i ft- 24 "rs. 

= 213000 B.t.u. 
24 hrs. 

2. Qeiling id floor. 

= 24' X 36' x 2 

= 1730 ft.2 

wl2 = 1730 ft.2 x 71 B.t.u. 

ft-24 hS. 

Z 127000 B.t.u. 
24 'rs. 

wl = 

213000 + 127000 

340000 B.t.u. 
24 hrs. 

Volume = 36' X 24' x 25' 

20600 Qu. ft. 

12 
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Then from Table 2* for V 20600 Cu. ft. average air 
&'anges per 24 hr. for storage rooms due to door 

opening and infiltration. 
fa 2.6 3.t.u. 

Cu. ft. x 24 rs. 
Prom Table 3, RF = 6O and t00 = 950 

fleat removed, in cooling to storage conditions 
or cooling factor from Table 3. 

fc 3 B.t.u. 
Cu. ft. x 24 'rs. 

inf. Vxfaxfc 
20600 ft3 x (2.6 x 3) B.t.u. 

ft x 24 

161000 B.t.u. 
24 hrs. 

c.1. men 

ssuming tl2at three men working 8 rs per day, 

Feat load or men working B.t.u.* 
hr. men 

men 3 man x 750 B.t.u. 8 hrs. 

18000 ji.t.u. 
day 

* Refrigeration Data Book, p. 170. 
** Refrigeration Data Book, p. 171. 
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2. 

issuming 6 bulbs each 40 watts, 

light 6 bulbs x 40 watt x 42 B.t.u. x 24hr 
bulb hr-watt 

19700 B.t.u. 
24 hr 

Total w1 ' inf * men + 1ight 

w1 340000 

161000 

men 18000 

light 19700 

totai = 538700 

B. t.u. 
24 hr. 

T.' 

I' 

f 

B t u. 
24 hr. 

FISH FREEZING ROOM 

Freezing temperature _50 p 

Outside temperature 40° P 

Thickness = fit, 

Room = 15' X 12' x 10' 

Temperature difference = 450 p 

Wall heat losses 46 B.t.u. 
ft224 hr. 

Â wail = 2 x 10(15* 12) 

540 ft2 
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a. Wall losses: 

1. 540 ft2 x 46 B.t.u. 

ftx24 hrs. 

25000 B.t.u. 
24 rs. 

2. 360 ft2 x 46 B.t.u. 

ft. X 24 rs 

= 16500 B.t.u. 
24 rs. 

w1 = 

415c0 B.t.u. 
24 rs. 

b. Qjf 

Volume 15 x 12' X 10' 1800 ft. 

fa 9.3 B.t.u. 
24 îrs. 

fo 1.23 " 

= 1800 x.3 x 1.23] 
= 20600 B.t.u. 

e.l. men 

one man, 4 hrs. a day 

en 4 2?S. x 750 B.t.u. x i man 
24r rman 

Lmen = 3000 B.t.u. 
24 h r s. 
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2. 

assuming 2 40-watt bulbs, 

light = 2 bulbs x 40 '1att x 3.42 B.t.u. 
bulbs hr x watt 

6400 B.t.u. x 24 hrs. 
24 hrs 

a. Cooling Load. 

QF =a+qb+q 
qa Load. to cool to freezing point 

Load to freeze 

- To cool storage temperature 

wcpl Lt 

w -5001b 
d. ay 

cp 0.82* B.t.u. (before freeze) 1 lb 
Lt t_tf 

t = outside temperature 

- freezing temperature 
o 

q 500 lb x 0.82 B.t.u. x 32 F 24r lb 

13,100 B.t.u. 
24 'rs. 

*Refrigeration Data Book, Table 4, p. 171 



1? 

wL 

L Latent ieat of fusion 

500 lb x 105 B.t.u. 
24r lb 

52500 B.t.u. 
24 !r 

q3 wOpaat 

0p2 - Specific 1eat after freezing 

- tf_t$ 

t5 - Pinal temperature after freezing 

500 lb x 0.41 B.t.u. x 33 P 
lb 

= 6,750 B.t.u. 
24 'r 

- 13,100 B.t.u. 
24 !'r 

= 52,500 " 

q0 - 6,750 " 

= 72,350 B.t.u. 
24r 

.waii 41,500 B.t.u. 
24 l'r 

- 20,600 

men - 3,000 " 

1ig1it - 6,400 " 

freeze - 72,350 

total - 123,850 B.t.u. 
24 hr 
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Storage temperature 

Outside temperature 

Room size 
Cork thiokness 

FISH STORAGE ROOM 

o 8P 
950 

31' X 18 X 15' 

= 

a.l. Wall heat loss - 91 B.t.u. 
ftx24 hr 

Side walls 

A - 2 x 15 (31 + 18) 

= 1470 ft2 

Vi - 1470 ft2 x 91 B..u. 
ft' 24 hr 

= 133500 B.t.u. 
24 hr 

2. Ceiling arx floor 

A 2 x 31 x 18 ft2 
= 1115 ft 

2 
1115 ft x 91 B.t.u. 

ft x 24 hr 

108500 B.t.u. 
24 hr 

b. inf 
V 31' x 18' x 15' 

3 
z 8400 ft 

fa - B.t.u. 
24 hr 



f0 a 3.6 

inf = VXfaxfo 
a 8400 44 x 3.6] 

- 120000 B.t.u. 
24 hr 

c1. Qrnen = 2 man x 750 B.t.u. x 8 hr 
hr man 

12000 B.t.u. 
24 hr 

2. 11ght 

àssuming 4 40-watt bulbs, 

4 x 40 watt X 3.42 B.t.u. x 24 hr. 
h r-w at t 

13100 B.t.u. 
24 hr. 

a 242000 

jflf a 120000 

men 12000 

ngi't = 13300 

totai 387100 B.t.u. 
24 hr. 



ICE Li.KING 

Heat removed per pound of ice: 

To cool the wate' from 70°F to 32° F 

To freeze the water at 320 p 

To cool the ice from 32° P to 14° F 

38 B. t.u. 
lb 

144 B.t.u. 
lb. 

9 B.t.u. 
______ lb. 

191 B.t.u. 
lb. 

dd 15 percent for non-computable losses 29 b.t.u. 
lb. 

220 

Ratio 220 1.6 

tota1 30 tons 1.6 ton of refrigeration 
ton of ice 

48 tons 

48 tons x 288000 B.t.u. 
ton - 24 hr. 

= 13.824.000 .t.u. 
24 hr. 
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THE CO ESSORS 

SELTIO'A OP CO1RESSORS 

The capacity calculated for eac1 room is as 

fo ilows: 

Rooms Capacity in Tons Temperature 

Ice storage 1.525 15° 

P1s1 freezing 0.43 -15° P 

Pis1 storage 1.35 -15° P 

Ice making 48.00 50 

Vie can use one compressor for all loads, but when 

the ice makirg is stopped, the capacity will be too large 

for the evaporators of te rooms. Second alternative will 

be to use two compressors, one for ice making operating 

at its condenser and evaporator temperature, and another 

compressor for the rooms working between lowest evaporator 

temp erature and condenser temperature. 

One method, is to operate each evaporator at its 
desired pressure, and throttle the leaving vapor to a 

pressure corresponding to that of the evaporator in which 

the lowest is to be maintained. 

Then the vapor from the ice storage room is 
throttled to a compressor suction pressure of 20.88 lbs. 

per sq. in., corresponding to _150 , as referred to in 
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t'e figure Page 23, the cycle for operation witi a 20.88 

lb. per sq. in. suction main is slwwn in flow diagram 

rage 23 on '- OEhart. The state points of vapor from 

te evaporators at pressures greater than 20.88 lb. er 

sq. in. is in te supereat region after it as been 

expanded to te lower suction pressure. The state point 

of vapor in suction line at entrance to the compressor 

will then correspond to an equilibrium state point 

resulting from mixing of proper weights of vapor at state 

points b' and b". Thus it is necessary to determine the 

weight 3f refrigerant being circulated through each part 

of the system. The respective enthalpies at points b' and 

b" are 606.7 and 616 (assuming subcoolin to ?0 P and. 

vapor leaves the evorator at saturated state). 

Refrigerating effect in evaporation operating at 

20.88 lbs. per sq. in. - 606.? - 120.5 

- 486.2 B.t.u. 
lb. 

ieigbt of refrigerant through this evaporator z 

(1.35 .. 0.43) Tons x 200 B.t.u. 
ton mIn. 

486.2 B.t.u. 
lb. 

0.735 lb. 
min. 

Refrigerating effect in the evaporator operating at 

150 P or 43.14 lb. per sq. in. 
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1.525 tons x 200 B.t.u. 
min.x ton 

495.8 B.t.u. 
lb 

0.617 lb 

Then the state point of the mixed vapor at the compressor 

entrance is the weighted average of individual state 
points and, is determined from the known pressure and the 
weighted average enthalpy. 

lib 0.735 lb x 606.7 
min. 

0.735 lb 

610 B.t.u. 
lb 

t.u. 9. 0.617 lb x 616.3 Btu 
b 

+ o. 
n. 

The compression line (assumed to be isentropic) is 
drawn through point b and. intersects the condenser pressure 
at 742 B.t.u. per lb. 

Work of compression: 

(742 - 610) B.t.u. x (0.735 . 0.617) lb 
l'b min 

.4 i.t.U. 
min. F.P. 

4.05 F.P. 

The second alternative is op erating with all 
evaporators at 20.88 lb. per sq. in. This will necessitate 
smaller heat transfer su.rface in the evaporators to pre- 
vent over cooling of the higher temperature cold rooms. 



Using t1e same figures calculated before for 20.88 
lb. per sa. in., 

refrigerating effect - 486.2 

weight of refrigerant a 3.305 Tons x 200 B.t.u. 
ton min. 

486.2 B.t.u. 
lb. 

= 1.36 lb. 
min. 

Poilowing an isentropic compression line from t e 

state point corresponding to saturated vapor at 20.88 lb. 
per sq. in. to the intersection with condenser pressure 
169 lb. per sq. in., we find enthalpy leaving com- 

pressor 740 B.t.u. per lb. 
Work of cìpression: 

= 740 B.t.u. - 606 B.t.u. 
lb. lb. 

134 B.t.u. 
lb. 

134 B.t.u. x 1.36 lb. 
lb. min. 

42.42 B.t.u. 
min ton 

4.1F 

This s1ows that the compressor work is nearly same 

for both cases. 

Therefore we sa11 use second alternative to get 
cooler evaporator temperature. 



C0RES30R DESIGN 

Capacity = 3.305 

Condenser temperature - 860 F 

Evaporator lf -15e p 

Refrigerating effect - 486.2 B.t.u. 
lb. 

Compression work 134 B.t.u. 
lb. 

Refrigerant reouired. 36 lb./min. 
8pecc volume - 12.97 cu. ft. 

lb. 
Volume = 1.36 lb. x 12.9? Cu. ft. 

min. lb. 
17.5 eu. ft. 

min. 

30200 CU. lfl 

min. 

Volumetric efficiency for different operating Con- 

ditions are given in acintire, Refrigeration Engineering: 

Ratio P2 - 
2.0 0.85 

3.0 0.80 

4.0 0.75 

5.0 0.70 

6.0 0.64 

7.0 0.58 



r. 

There 2 t1ie ratio of t'e liquifaction to evapora- 
I'i 

tion pressures.. 

169 
20.88 

Volumetric efficiency .52 

Actual volume of compressor 

30,200 eu. in. per min. 
.52 

= 58000 ou. in. 

Te maximum speeds and displacements of twin 

cylinder V.$.A. monia Compressors are given in te 
following table*: 

Bore & Max. Cu. Pt. Cu. In . iston Speed Displacement 
Stroke, RPW per Rev, per Rev. Pt. per Min. Cu.In.per Min. 
In. 

4x4 53.0 0.0581 100.4 340 51,200 

4x4 495 0.0828 143.1 371 70,900 

5x5 480 0.1135 196.3 400 94,300 

5x5 465 0.1512 261.3 426 121,500 

Closest size 4- X 4 in. 
Volume 70,900 eu. in. 

min. 

*Ten in part from Equipment Standard.s formulated by te Refrigerating MacMnery Association, 1938. 
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lthoug1 t1is is larger than the required size, it vìill be 

useful during overload period. Required refrigeration can 

be obtained by adjusting t'e speed. 

Mec7'anical efficiency, 58 

- 134 3.t.u. x 1.36 lb. 
lb. min. 

42.42 B.t.u. x .58 
min. 

3.305 Ton 

- 2.lP 

COLZPRESSOR POR ICE LXING 

Total capacity 48 Ton 

Use 2-24 Ton compressors. 

Condenser temperature - 860 P 

aporator temperature 50 p 

Refrigerating effect 494 B.t.u. 
lb. 

Compression work = 99.4 B.t.u. 
lb. 

mount of refrigerant required 

24 Tons x 200 B.t.u. 
ii« ti 

494.1 B.t.u. 
lb. 

- 9.7 lb. 
mi n. 

Bisplacement - 9.7 lb. x 8.15 ou. ft. 
min. lb. 

= 79 cu. ft. 
min. 
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136000 cu. in. 
min. 

Volumetric efficiency 7O 

.)isplacement = 136000 
.7 

- 194000 Cu. in. 
min. 

Size - Bore and stroke 6j-" x 

1iecanica1 efficiency ?O 

- 9.? lb. x 99.4 B.t.u. 
min. lb. 

42.42 ..t.u. x .?0 
min. 

= 31.3 rï 

ITP 31.3 }T1 

24 Tons 

= 1.3FP 
Tons 
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TPE EVAPOR.TORS 

The evaporators selected for different rooms are: 
Pi&' freezing room - Unit cooler 
Pis1- storage room - Unit cooler 
Ice storage room - Expansion coils 
Ice tank - Verti-Flow coils 

All the specifications of unit-coolers are given by the 
manufaeturer*. For the ice storage tank, Verti-flow coils 
are used. This is a special typo evaporating coil with 

two rows of vertical pipes extending between headers at 
the top and. bottom. This type of cooling surface has been 

successfully applied. to ice-making service. Better 
efficiency can be obtained, by simply increasing the circu- 
lation of the brine. 

By increasing the velocity in the tank as it flows 

past the vertical pïpes, it is possible to raise the heat 
transfer of this type coil to such point where the amount 

of evaporating surface required is considerably less than 
with any other kind of coil. 

The construction of the Verti-flow coil is shown in 
the picture, and its position is illustrated in the 
drawing. The bulk heads for directing the flow of brine 

*Jacobs & Gile, Inc., Catalog & Manual 



r 
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over te coils are placed and, are enclosed to form a 

turni el. 
iThe vertical centrifugal oumps are used. to get 

better circulation in t}e tunnel enclosing tue Verti-flovi 

coils. 

EVORLTOR POR FIST PREZIi ROOM 

Room temperature 

13 temperature 

Refrigeration load 

Preezing time 

= -50P 

= .-l5°P 

l3,85O B.t.u. 
24 hr 

12 hrs. 

Por the freezer room, it is highly recoinmerd ed by 

W. F. Martin, rofessor of Mecmnical gineering, to use 

low temperature unit coolere 

following specifications: 
The cooler used has the 

It is a Preez--Pex te forced draft cooling unit, 
Model Pl9P, capacity 9300 3.t.u. for 5°F temperature 

hr 
difference or equivalent. 

Freezing room load 123,850 B.t.u. 
24 hr 

= 5150 i3.t.u. 
hr 

Considering the load. variation and extension of 

plant, a higher capacity coeler was selected to use, for 
the time being, which will d.eorease the cooling time 
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about one-half. 

EVORTOR BESIGN FOR FISH STORAGE ROOM 

Room temperature 

1T3 temperature 

L o ad 

-15° F 

= 387100 B.t.u. 
24 hr. 

Temperature difference 230 

In this room, select the same kind of forced draft 

unit cooler as used in the fish freezing room. 

Capacity of P19FRS Model cooler for 23° F tempera- 

ture difference has the cooling capacity of 37.200 B.t.u. 
hr 

Load in the room, 16.100 B.t.u.. .gain, this will 
hr. 

reduce te cooling time one-half. 

EVÀPOR.TOR EIGN FOR IC LKIIG 

Capacity 48 Tons 

Brine temperature a 140 

Water temperature supplying cans 70° F 

Q. VÍCAT 

Eeat removed per hr. 

¿t - tbrjne ta 

ta temperature drop of 



t_eS 

l4°-4°P 
= 100 

O specific neat of brine 

0.704* B.t.u. 
lb 

= 

48 Tonx 12000 B.t.u. 
Ton hr 

0.704 B.t.u. x 4°P 
Th-_ 

205000 lb 
w- 

3420 lb 
min 

GPM = 385 

EVAPORATOR DESIGN ?OR ICE STORAGE 300M 

Assumix direct expansion coils and free convection 

is used, the design procedure is as follows: 

Room temperature 260 p 

temperatur e = -15 P 

Refrigeration load - 34000 B.t.u. 
241ir 

Tm 26° P - (-l5)°P (which is very close for free 

convection) 

- 410 

* Marks Mechanical gineering Hand Book, P. 2166 
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U 20 B.t.u. 
ft2 

Q, Refrigeration load. 

A 340,000 B.t.u. 
24 i'r 

2 B.t.u. x 41° P x 24 rs 

170 ft2 
Introducing the ratio of surface is to length 2.3 

L 2.3 X 170 ft 
L = 391 ft 

Say L - 400 ft 
Maximum allowable length of pipe corresponding to 

pipe size for direct expansion coils are: 

Pipe Size Maximum .1lowab1e Length 

3/4" D 900' 

1" D 1100' 

1k" D 1300' 

2" D 1900' 

To control the capacity, use 2 200 ft coils supported. 

8 in. below the ceiling, and. located. evenly in the room. 

.ssume length of the coil to be 20 ft. Then each 

evaporator has 10 - 20 ft. coil distance between the pipe 
centers 4 in. 

*ds, M. 0., Feat Transmission, Tables VIII, XI, pp. 247, 
251. 



EVA.POR.TORS POR ICE TANK 

Q - UT 

Q = Refrigeration required. for ice making 

- 48 Tons 

U = Conductivity of evaporator coils 
loo B.t.u. 

ft2 

Tm tl 
1n4t1 

t2 

9°P-5° P 
1n9 

5 

6.75e 

Q 

UTm 

48 Tons x 12000 B.t.u. 
r ton 

100 B.t.u. x 6.75°P 
li.r - ft' 

810 ft2 
Taking l-"stand.rd steel pipe and also introduc- 

Ing ratio of surface area to length 2.3, 

L - 810 ft2 x 2.3 ft 

L - 1860 
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Por eaoh ice tank, we need. 

Ia 1860 
2 

930 ft - 11" ) pipe 



PREZIi TILlE 
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FR22IN TI1LE 

Time of Preezing Ice: 

T I1J24 
2000 

T - Time of freezing, 1rs. 
W - Veight of ice can, lbs. 
w - dimension in incies 

tb - brine temperature, 

516.6 x i2 
315 (32-14) 

1 = 11 cans 

T 11cansx3151b.x241rs. 
can 

2000 lb. 
tons 

= 41.5 hrs. 
Total cans required per day 

- 30 Ton x 2000 lb. 
ton x 41.5 hrs. 

315 lb. 24 1rs. 
can 

- 330 cans 
day 



C Olfl)ENSER 



O ONDEN$ ER 

Oon.ensing pre ssur e 

Total tons of 
refrigeration 

Entering tererature 
of water 

Leaving temperature 
of water 

= 169 lb. per sq. in. 

= 51.305 Tons 

o - 65 

750 

Weight of ammonia in the compressor for 

ice making = 20.2 lb/mm 

Q Wa_hä) 
1a = heat content of IF3 entering cond,enser 

714 B.t.u. 
liD. 

heat content of 11eaving oond.enser 

120.5 B.t.u. 
lb. 

W - weight of azmonia circulating 
Q. = 1eat lost by NH3 

* 20.2 lb (714 - 120.5) B.t.u. 
min lb. 

12000 .i3.t.u. 
L11n. 

Weight of IT circulating in storage rooms 

small compressor 1.355 lb./min. 



= 870 B.t.u. 
min 

Total heat absorbed by condenser: 

= Q + Q R 12870 B.t.u. 
J. 2 

Total amount of water required: 

Q R 
Q 

W4Tm 

C 1 B.t.u. 
p 1b. 

Tm = 14°F-100 F 

T R 100 P 

- 12870 B.t.u. 
min 

1 B.t.u. x 10 F 
16"F 

915 lb. 
min. 

GL1 110 

3eleot tifle condenser Vertioal-ell and tube type, 

making use of Figure 4, Refrigeration Data BooI, p. 259. 

For a discharge pressure 169 - 14.7 = 154.3 psi 
and inlet condenser water temperatl2re of 750, it requires 

8 sq. ft. per ton. 

Take capacity 54 ton, to allow losses: 
2 Total surface required = 54 ton x 8 ft 

ton 
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42 ft2 

To tMs total surface some correction factors* 

should. be introduced.. 

Total surface, 

S 432xfsmxfsc 

fsm Surface multiplier 

fsc = Surface correction factor 

verage suction pressure o± two compressors, 

20.88 lb. - 34.2? lb. 
sq. in. sci, in. 

2 

27.5 lb. 
SÇL ifl. 

fsm .975 

In d.etermiiiing te surface correction factor, fsc, 

assume N - 2" tubes with a length of 12 ft, 

- ') 'YtI 
¼1sJJs 

Bit the total surface, 

S - 452 X .975 x fsc ft2 

z 420 fsc ft2 

*frigeration Data Book, p. 259. 
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can also be expressed: 

S N1x ) 

S N x 12 ft x 2.375 in. 
12 in. -. 

7.46 N 

N = GiLi 

G2L 
T1 

= 110 GPM 
GPM 

j substituting above relations or areas 

420 f so f t = 110 G1M x 7.46 QPL 
GPLI Tub e 

fee x GM - 1.95 

.ssurne 

3 PM gives fec .738 

3 x .738 1.95 GELi 

2.2 = 1.95 GL 

Ti-is value is close enoug!'. 

432 ft2 x .975 x 7.38 

310 ft 
Number of tubes required. 

= 310 104 
3 

i.ssuming a sie11 diuzneter 24", 

Nber of' tubes - 51 = 207g, 

Therefor, we can use 2 - 24 tube si-elle. 
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IR TREATME1T FOR 10E 

The diagram shows the low pressure system of air 
treatment for raw water ice. In this system there is a 

continuous recirculation of air one time after another. 

The air first goes through the water in the cans, then 

goes through IThe spaces in the framework between the can 

aurface and covering block, then to the air headers, and. 

finally to the blower suction. 

With this method, very low pressure air can be 

used., and. the percentage of undergrade ice reduced very 

much. It is recommended by a. F. Boer in the paper ".ir 
Treatment for Raw Ice" to siply to each can about .5 

cubic feet of air p minute and lifting pressure by the 

blower 28 in. water 

ir Gompressor 

stated before, supply of air to each can-- 0.5 
cubic feet per minute, and pressure -- 28 in. of water. 

We have 330 cans. 

Q 0.5 ou. ft. x 330 cans 
mm-can 

Q. = 165 ou. ft. 
min. 

The power required to circulate air can be found 

from the following method: 

Work weight of air x total lift = Q Ph ft.lb. 
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Q, = Volume of air cu. ft. 
da_ Density of air 

a te pumping iead 

hada : h in. of water d. of water 
12 

ha water X 
12 OE 

- 5.2 Q, 

33000 e 

28" total head inches of water 

e efficiency of fan 

d.w density of water 

HP 5.2 Q, 

33000 e 

5.2 x 165 x 28 
33000 x.60 

HP 0.120 

PUL 

Condenser un 

Por pumping the condenser water, we install two 

centrifugal single stage puIps each of 55 PLJ.. 

Th en spec i fi a at io ns o f the pump ar 

efficiency 

specific speed n = 2000 
3/4 

PM flsqXh 
V(ÌI 

.a. Church, Centrifugal ump, . 64, fig. 4.12 
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.suming a !ead of 30 ft, 
RPM = (zo)1 2000 

= 12.? x 2000 
7145 

= 3400 RPL 

1P 8.33 Qh 
33000 x eff. 

Q =GL?M 

HP -8.33x55x30 
33000 X .70 

Brine Pumps 

Vertical centrifugal pun 

Capacity = 378 G P M 

F = 30 ft. (in t1e case I need. more 
circulation) 

Say two brine pumps each lias capacity 190 GPM, 

Efficiency = 72 

Bpeciflc speed. = 2000 

n3 = RPM X 

F314 
n3 specific speed. 

F - liead. in ft. 
F - 3Oft. 

RPM = fl5XF" 

RPM = 2000 



MZ 1850 

TP= WH 
33000 x e±f. 

W - oapaeity in lb. 
min. 

- ft. 

eff.- .90 
lb. 

F2 - 190 GIiI x 89 T. x 30 

33000 ft.lb. x .9 
rnin.. 2 

- 15.5 F2 
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a. For ice compressors. 

1. suction pipe. 

volume - 136000 cu.in. x 2 comp. 
min. comp. 

= 273000 cu. ifl. 

min. 

Let ITi3 vapor Velocity - 2500 ft. 
min. 

Q = 

V - 1B3 velocity 
cross sectional area 

quantity flowing 

A 273000 Cu. in. 
min 

1728 cu. in. - x 2500 ft. --- eu. ft. min. 

.0634 sq. ft. 
= 9.15 sq.. in. 

2ipe diameter 9.15 in.2 
0.7 854 

3.4 in. 
Use steel pipe of diameter 3f". 

2. From compressor to condenser valve: 

I volume 9.7 lb. x 2 comp.x 2.5 cu.ft. 3 min. comp. lb. 

48.4 cu.ft. 
min. 
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ripe area = 48.4 cu.ft. x 144 sq. in. 
min. sq. It. 
2500 ft. 

min. 

2.77 sq. in. 

Pipe diameter = 1.88" 

Use steel pipe diameter 2" 

3. 'rom condenser to expansion valve. In tMs line 
ammonia is in liquid forms 

Density 0.026 ft.3 
lb. 

19.4 lb. x 0.026 ft.3 
min. lb. 

.505 ft.3 
min. 

Velocity of liquid 200 ft./min. 
Pipe area 0.505 ft.3 

min. x 144 sq. in. 
200 ft. sq. ft. 

min. 

: .363 sq. in. 

Pipe diameter = .66" 

Use steel pipe of diameter 3/4". 

b. 1. Suction pipe for tihe storage rooms: 

fl73 volume 1.36 lb. x 12.9? eu. ft. 
min. lb. 

17.6 eu. ft. 
min. 



Pipe area 17.6 ou.ft. x 144 sq. in. 
min. sq. ft. 
2500 ft. 

min. 

1.01 sq. in. 

Lipe diameter = .01 sq. in. 
'0.7854 

= 1.14" 

Use steel pipe of diameter 1*" 

2. Prom compressor to condenser: 

Volume = 1.36 lb. x 2.5 ou. ft. 
min. lb. 

3.4 Cu. ft. 
min. 

Pipe area = 3.4 cu.ft. x 144 sq. in. 
min. sq. ft. 
2500 ft. 

min. 

.195 sq. in. 

Pipe diameter a o SQ. i 

0.7854 

0.5" 

Use steel pipe of diameter ". 

3. Prom condenser to exjmnsion valve: 

iensity a 0.026 ft.3 
lb. 

a 1.36 x 0.026 ft.3 
min. 

= .0354 ft.3 
min. 
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Velocity 200 ft. 
min. 

ripe area = 0.0354 ft.3 X 144 sq. in. 
min. sq. ft. 

200 ft. 
min. 

.0255 sq. in. 

iipe diameter = 

Use steel pipe of diameter " 



FUfløE ADDITION 

ICE STORAGE 

t4 3G 25 

Ic. dAs 

o,rIc's 

LEGEND 

A AMMOIA COMPRESSOR 
SYMBOLS B AMMONIA CONE*NSER 

________________________________________________ C AIR COMPRESSOR 

BRICK INSULATION FRANE O AIR TANK 

E CONOENSOR PUMP 

F SWITCHBOARD 

G ACCUMULATOR b AGITATOR PUMP 

- 
, L>_ sotç . r 

; A 
- rMwI by suction - . 

J j 

CANS CANS E 
, . 

: 

I 

i. i_ 
B A 

] - z MAOIIY ROOW 

j __________________ SIr IppIy pIpe . C D 

CANS OARS 
I_:_I 

TOOLS 

I 

T . 

:: REPAIR SHOR 
-r-.-' 

FiSH FREEZING FISH STORAGE 

I2rbr IO 15.31.15 IJQJ 

ENTRY 

LOADING DOCK 

SKETCH of ICE PRODUCTION and STORAGE PLANT 
SI.AL 

I O I 2 34 3 IO 
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