
I 

AN ABSTRACT OF TH THSI3 OF 

ftr the _ln 
(ame) (Degree) (1..iajor) 

Date Thesis 

Title 

.. .- 

Redacted for privacy 
Astract pproved:_ ------------------ -_ 

(Jaor Profesor) 
Jhe iarIoe of yiji chij aper wa to desirn a snail re- 

geation plant h1ch wou1 b esec1allr well sìted to the renuire- 

of laboratory or research cork. 

?o aceonpli8h this uroe tLree ¿jistinet coolin crle flave 

ueerl e:ibodied in iho one lan.-. 

a si.mj].e reet-exaasion system ua- o asul to cool a 

mall co1d-storae roor:. .LJ6 refrigerant, ammcni, ai1 10 comrezee., 

ondensed to a 1iouiiì. Uy circ-uìate 'ater, theai allo,:,;e 

evaporate in he coolin coils o the roo;. 

ìecondlly, the iesire cco1i e2ect ay lie obtained by cir- 

culacin: tbrou:h the room ol bruuie ahich has previoiisl:r Leen cooled 

b:- -:ie evajoration of amionia in he 000lim: coi1 of a brine tank. 

The third tiethod inoluies a combinaLion cL the first tvo. 

?-7C i:' thicts, plaoed sice by side, ill l so arranec that in one te 
(;j;L' --- be eoolec b ì.'assae over ¿n a:uoni evaporatin, coil, hi1e in 

the other the a±r e ooçled by bein forced throuj: a spr of cold 

brine from tie brine taìk. The air in turr is to Le ircu1atd thrcugh 
. - . t''t -- - 

:. - ' ' rjr 

UlLL L:L w j Ce. 'ees. 

iowever i):;- a cos- In o:eY:o seri )1 the 

ùin rnai: Le ¿s J.o-.- -40 Cerees .a:: e reaceC. 



TuE DESIGN OF A SM.LL REFRIGERATION PLANT 
FOR EXPERILNTAL USES 

ROBERT WAflE MASON 

A ThESIS 

submitted to the 

OREGON STATE AGRICULTURAL COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

ASTH OF SCIiICE 

June 1935 



t 

s 

s 

I;, 

APPROVED: 

Redacted for privacy 

Professor of (Mechnica1 Engineering) 

In Charge of Major 

Redacted for privacy 

Chairman of School Graduate Committee 

Redacted for privacy 

Chairiaan of Oo1lee aduate Coi.mcll, 



a 

TABIE OF CONTENTS 

Page 

Introduction --------------------------------- i 

Generai Design ------------------------------- 2 

The Cold Room -------------------------------- 5 

The Compressors ------------------------------ 8 

The Intercooler and Liquid Precooler --------- 10 

The Air Ducts -------------------------------- 12 

The Ainnionia Circulation System --------------- 14 

Instruments and their Location --------------- 17 

liliscellaneous Equipment ----------------------- 21 

Description of Equipment --------------------- 22 

Calculations --------------------------------- 24 

Bibliographies -------------------------------- 50 



IiTRODUCTION 



THE DESIG1' 0F A S11ALL REFRIGERATION PLANT 

FOR EXPERIIENTLL USES 

By 

RO3ERT WAYNE MASON 

INTRODUCTI O1i 

Refrigeration, like most practical engineering 

courses, can best oe understood if the theoretical studies 

are supplemented with laboratory work. However, it is 

quite apparent that all phases of the subject cannot be 

demonstrated by a plant which has been designed to meet 

the demands of only a single type of refrigeration. This 

paper presents the design of a refrigeration plant which 

is more versatile in that it is capable of carrying a 

cooling load in several different ways. 

Specifications for the plant were obtained from W. 

H. Iiartin, professor of heat engineering, who is also in 

- 
charge of the refrigeration courses offered by the depart- 

ment of mechanical engineering. It was specifïed that: 

(1) the plant was to be designed for a capacity of three 

tons of refrigeration; (2) the ordinary operating temper- 

atures were to be about seven degrees Fahrenheit; (3) by 

- the use of a booster compressor temperatures as low as 

e 

-40 degrees might be attained; and (4) ammonia ws to be 

used as a refrigerating medium. 
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GENERAL DES IGI' 

Since the plc.nt is intended almost entirely for ed- 

ucational purposes, its design includes apparatus with 

which several cooling cycles may be obtained. First, di- 

rect expansion of ammonia may be used to remove heat from 

the cold room. This procedure is the simplest type of 

refrigeration, and it involves only three major processes, 

namely, compression, condensation, and expansion of the 

refrigerant. Second, the cold room may be cooled by the 

circulation of cold brine which has previously been cooled 

- by evaporation of ammonia. By using the second cycle ad- 

ditional problems of heat transfer and plant efficiency 

may be studied. Third, circulation of cold air through 

the room may be used to produce the desired temperatures. 

The circulated air may ue cooled either by passage over 

an ammonia evaporating coil or by being forced through a 

spray of cold brine. The arrangement oy means of which 

- 
all these methods have been incorporated in one plant is 

depicted oy the schematic flow diagram in Figure 1. 

It is obvious that by combining any or all of the 

aforementioned methods an even greater variety of cooling 

cycles may be obtained. The problems which may be 

. studied through the use of these varius combinations 

are nuierous. Greater versatility of the plant could be 
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had by the installation of a system using two refriger- 

ating medius, as has been done in the smionia-caroon 

dioxide plant at Lehigh University, but the cost in- 

volved would be much higher with but little gained as 

far as principles of operation are concerned. 

A great deal of time and eftort have been expended 

in searching for the best available data which might be 

used in design calculations. Insofar as was possible 

the latest publication of the American Society of Re- 

frigerating Engineers, "The Refrigeration Data Book and 

Catalogue" for l934-19$6, has been used as a reference. 

In the calculations included in the latter part of this 

paper references have been indicated by number wherever 

they were used. 

In this discussion any apparently unexplained 

values, sizes, or dimensions have been arrived at by 

methods illustrated under the heading of "Calculations. 
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TE COLD ROOM 

Before any calculations were made it was decided 

that the cold-storage room would oe made ten feet square 

inside with a twelve-foot ceiling. Investigations of 

the rate of heat transmission from armnonia evaporating 

coils to air proved that the amount of piping necessary 

- for three tons of refrigeration would occupy so much 

space that none of the room would be available for use. 

The original size of the cold room was retained, never- 

theless, Lecause of its desirable compactness, and the 

- 
problem was circumvented iy working it backrards. J. A. 

Moyer and R.IJ. Fittz (7) recommend 800 feet of 1*-Inch 

direct expansion pipe ior a room of 1200 cubic foot 

capacity, but to obtain the greatest possible amount of 

refrigeration it was decided to install 1200 feet of 

both direct-expansion and brine pipe. The room may be 

expected o have a capacity of 1.19 tons using direct 

expansion and 1.84 tons usin brine circulation. The 

larger figure ïn the latter instance is due to the 

* somewhat higher rate of heat transmission which takes 

place from brine piping to air. 

According to Moyer and Fittz the pipe should be 

placed on six-inch centers. To conserve space the rows 

of brine and ammonia pipe are to oc alternated verti- 



o 

cally, the vertical rows thus being three inches apart. 

Figure 2 shows the Leneral arrangement in the cold room. 

The bunker construction was taken from specifications 

given in the ttFrigidaire Sales Engineering Manualtt pub-. 

lished by the Frigidaire Corporation of Dayton, Ohio. 

W.H. Liotz (6) presents values for the most eco- 

nomical thicknesses of insulation for various temper- 

atures. At the temperatures which will oe used. in this 

plant, eight inches of corkboard insulation will prevent 

wasteful heat leakage without an unjustifiably high in- 

itial cost. Since the room will be built inside a build- 

. 

ing, no additional supporting structure will be necessary 

. 
with this type of construction. 
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TBE COMPRESSORS 

Although the cold-storage room was found incapable 

of accoimnodating a cooling load of three tons, compres- 

sors of the specified capacity were decided upon for 

two reasons: (1) refrigeration for purposes other than 

cooling the cold room will be available; and (2) coin- 

merciai refrigeration apparatus of lesser capacities are 

rather small and do not lend themselves well to labora- 

tory work. 

The high presure compressor will be called upon 

to maintain the temperature of the cold room at seven 

degrees, which means according to Motz (6) that the 

suction temperature of the machine must be -15 degrees 

when brine cooling is used. Under such conditions, a 

vertical recIprocating compressor is usually used, and 

it was found that a machine having a displacement of 

20 cubic feet per minute would be necessary. If an 

electric induction motor is used to drive the compres- 

sor, the coniercial motor size which will meet the de- 

nands to be made of it is five horsepower. 

Of course it would be possiole to obtain a large 

compressor capable of carrying the entire cooling load 

even at the lowest desired temperatures, Dut such a 

system has several disadvantages. For instance, when 
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ThE INTERCOOLER AND LIQ,UID PRECOOL 

An intercooler, placed between the tio compressors 

to desuperheat the vapor after its initial conpression, 

may be faoricated from a short piece of eight-inch steel 

pipe. Figure 3 shows a construction which should be 

very satisfactory; the best-possible rate of heat trans- 

mission will be obtained oy bubbling the superheated 

vapor directly through the cooling lijuid. 

The purpose of de-superheating the vapor is to re- 

duce the power requirements of the reciprocating corn- 

. 
pressor per unit of capacity and also to redLìce the 

vapor volume machine was designed, 

thereby maintaining the maximum rate of ammonia flow. 

If a pipe coil is placed in the intercooler above 

the liquid line as shown, the apparatus may also be 

used as a liquid precooler. Thus liquid aiiimonia may be 

cooled to nearly the expansion temperature of the cold 

room, and plant capacity with and without liquid pre- 

cooling may be studied. 

- 

3y installing an automatic float valve to maintain 

the liquid at a constant level in the intercooler the 

necessity for manual control may be avoided. 
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T AIR DUCTS 

Two air ducts are to be installed; their arrange- 

ment is illustrated by Figure 4. The ducts will be con- 

structed of 16-gage galvanized sheet steel, and will be 

insulated with eight inches of corkboard. or its eciuiva- 

- lent. Air which passes through one duct will be cooled 

by brine sprayed from seven *-inch nozzles under a 

pressure of ten pounds per square inch; the nozzles 

will be turned to spray counter-current to the direction 

of air flow. The warm brine will flow uy ¿ravity to a 

tray and thence to the brine tank directly below. 

The second air duct will employ anonia expansion 

- to cool the air, and will have seven orine spray nozzles 

placed along its upper side. With this arrangement the 

anmionia coil may be operated with its surface wet or 

dry; the heat transfer rate of wet pipes to air differs 

quite markedly from that of dry surfaces, and is a 

subject on which very limited data are availaule, 
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TIE AML1ONIA CIiCULATION SISTEM 

The animonia may be allowed to flow through one or 

more of four pathways, the cold room coils, the air duct, 

the brine tank, and the combination intercooler-precooler. 

The principle of the flooded system will be used in all 

cases except the latter which has already been described. 

Automatic control valves should be provided to maintain 

the liquid level at the proper height. 

The expansion coil in the cold room will be simply 

made up of 1200 feet of l--inch welded-joint steel pipe 

- placed on six-inch centers. 

In the brine tank and air duct so-called 'tV-typet' 

expans±on coils are to be used. Figure 5 illustrates 

the construction of this type of coil. The coil may be 

seen to have the advantage of a large amount of effective 

surface combined with compactness of construction. Coils 

of this type are available commercially, and may be ob- 

tamed in almost any convenient size. In the air duct 

the coil must have 410 square feet of cooling surface, 

while in the brine tank there must be an effective cool- 

ing surface of 35.8 square feet. Reference to the cal- 

culations will show that this large difference in the 

* 
necessary cooling surface is due to the fact that heat 

transmission from metal surfaces to air has a lower rate 



5ide View End View 

Figure 5 



than that to licjuids. 

Rates of heat transmission are determined prin- 

cipally by the resistance of thin stationary films which 

apparently cling to any solid surface which is surrounded 

by a liquid or a gas. Gas films have been found by ex- 

periment to have a much higher resistance to heat flow 

than have liquid filins. 
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INSTRIThIENTS Aï.) Ir LOJATION 

To avoid complicating the flow diagram, Fig. 1, 

any more than was necessary, only a few instruments were 

shown on it. In testin:,, the plant many instruments are 

essential to collecting ali the required data and measure- 

ments. In all instances instruments should be placed as 

closely as possible to the machine for which they are in- 

tended; only by doing so may the actual operatin con- 

ditions be accurately measured, 

Pressure or vacuum gages are to be placed in the 

suction and discharge lines of both the high-and low- 

pressure compressor. To determine the actual power 

output of the brine pump pressure gages will be installed 

on both sides of that machine. 

Iany thermometers are of course indispensable to 

t:e operator of a refrigeration plant. IIercury-filled 

glass thermometers will be most suitable; they should 

. 
be placed in the cooling room, at each end of the air- 

cooling chambers and of the brine tank, and in the 

liquid receiver below the ammonia condenser. To deter- 

mine whether or not the ammonia vapor is superheated, 

and if so to what extent, the temperature must oc taken 

- in the suction and discharge lines of the compressors. 

Thermometers will also be used to measure the temper- 

ature of the coolin' water entering and leaving the 



. 

condenser, anJ of the liquid ammonia entering and 

leaving the precooler. 

A determination of the total amount of refriger- 

ation which the ammonia under any specified conditions 

of temperature and pressure is capable of producing may 

- be accomplished only by an exact measurement of the 

rate of flow of the refrigerant. Ammonia flow meters 

are available on the market, Lut their accuracy is 

questionable. Consequently, a weighing apparatus for 

the ammonia has oeen devised, and its construction is 

shown by Figure 6. Ammonia will be used. from one tank 

while the other is filling, The tank capacities will 
- 

be sufficient to permit of a half hour's operation 

between fillings when the plant is running at capacity. 

A pitot tube will be used in the air ducts as the 

most accurate means of determining the velocity of air 

flow. By using the average velocity at a point where 

the cross-sectional area of the duct is known the volume 

rate of the air may be calculated. 

. Machine efficiencies will be of interest, and to 

find them the power input must be imown. Measurement 

of the Dower consu.mption of alternatinj current motors 

may be conveniently accomplished by the use of the con- 

ventional two-wattmeter system. To simplify operation 
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the three motors may be connected through a three-way 

switch to a single set of wattmeters. 
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DESCRIPTION OF 4iPARATUS 

poaratus Description 

Air Ducts-- 
Brine spray ducts 20" square by 14 ft. long 
Ammonia-cooled duct 24" x 31" by 14 ft. long 

Air Fan-- Capacity--1,113 cu.ft. per min. 
Static head--- in.of water 

Ammonia-Weighing Tanks-- Capacity--? gal. 
Constructed of steel pipe, B" 
diameter and 3 ft. long 

Brine Pump-- Capacity--30 gal. per min. 
Pressure head--lO lb. per sq.in. 
Size--i-inch outlet diameter 

brine Spray System- - 
In each air duct Seven 1nch nozzles, attached 

to 3/4-inch steel pipes 

Brine Tank-- 6" wide by 14" high 
Length to fit ammonia coil 

Compressors-- 
High-pressure Displaceinent--20 cu.ft. per min. 

Suction pressure--20 lb. per sq. 
in., abs. 

Discharge pressure--135 lb. per 
sq. in., aus. 

Low-pressure Displacexnent--74.5 cu.ft. per min. 
Suction pressure--7 lb. per sq. 

in., abs. 
Discharge pressure--20 lb. per 

sq.in., abs. 

Condenser-- Effective surface--52.l sq. ft. 
Cooling water--74.5 lb. per min. 



t 

Cooling Coils-- 
Brine room coils 
Amnonia room coils 
Brine tank evap. coil 
Air duct evap. coil 

Intercooler and Liquid 
Precooler-- 

Mo t or s - - 
High-press. compressor 
Low-press . compressor 
ßrie pump 
Air fan 

Pipe diameters-- 
. Brine main line 

h.P. ammonia suction 
H. P. aimionia discharge 
L.?. ammonia suction 
L.P. ammonia discharge 
Liquid aîmrìonia line 

Pipe Covering (6)-- 
2" pipe 
11/4fl pioe 
3/4" pipe 
l/4t1 pipe 

t 

1200 ft. of 4.in. steel pipe 
1200 ft. of lt-in. steel pipe 
35.8 scj. ft. effective surface 
410 sq. ft. effective surface 

Constructed of steel pipe, B' 
diameter and 4 ft. long 

Length of inside ammonia coil, 
13 ft. of -nch copper 
tubing 

5 horsepower 
b horsepower 
i horsepower 
. 

horsepower 

2 inches 
u 

o,4 u 

2 
l-t u 
S 

4 

3.2O" f cork covering (or its 
equivalent) 

2.701t It Il 

,t ti 

l.G4tt ti ti 
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CALCUlATIONS 

1- Available or Knovm Data 

Desired capacity 

Temperature of cooling water 

Ordinary temperature of cold storage room 

Lowest desirable temperature 

2- Refrigerating Effect of Ammonia 

3 tons 

60° F. 

o 
rl ,. 

_400 1,. 

24 

o 
Let temperature rise of cooling water 10 

Standard practice shows ammonia temperature from conden- 

ser to be 2° above the highest cooling water temper- 

ature. Then, 

o o O 
Condensed ammonia temperature 60 i. 10 + 2 

o 

: 72 

Temperture differential between room and animonia (using 

brine cooling(6) 22 

o 
Suction temperature : 7 22 

o 
- - 15 

Using the 3ureau of Standards 1Io11ier diagram for ammonia, 
o 

heat of dry vapor at - 15 : 607 3.t.u. per l. 



D 

o 
Total heat of saturated liquid at 72 125 B.t.u.per l. 

Refrigerating effect 607 - 123 484 B.t.u. per 
lo. 

3-. Amount of Ammonia Required 

, 
Heat to be removed (3 tons x 200 r.t.u./min.per T.) 

z 600 iE3.t.u. per minute. 

600 B.t.u./miu. 1.24 lb. per min. Aimnonia required ____________ 
484 .t.u./l'o. 

4- Displacement of High-Pressure Compressor 

o 
Specific volume of dry vapor at -15 13 cu. ft. per lb. 

u. ft. 

Theoretical displacement 13 lb. x 1.24 min. 

= 16.2 Cu. ft. per min. 

Charge efficiency(2) = 81 per cent 
cu.f t. 

16.2 rain. 

Actual displacement : o.i = 20.0 cu.ft. per nrn. 

4a-Power ReQuired for High-Pressure Compressor 

Total heat at intake : 607 B.t.u. per lo. 

Total heat after Compression 724 i3.t.u. per lb. 

r.t.u. lb. 

hp. : _____ 
Hp.-min. 

: h. 



Mechanical Effy. of compressor(2) 90. 

3.3 hp. 
Motor hp. : 0.90 

3.82 hp. 

The next available motor size 5 - hp. 

5- Amount of Condenser Surface Required 

Discharge pressure 135 lb. per sq. in. 

Total heat of saturated vapor after compression 724 
B.t.u.per lb. 

o 
Total heat of 1iuid at 72 123 i3.t.u. per lb. 

to be removed (724 - 123) x 1.24 lb. per min. 

745 i3.t.u. per minute. 

745 B.t.u./min. 
Amount of cooling water required io degrees 

: 74.5 lo. per min. 

For a vertical shell-and-tube condenser, 

Coefficient of heat transfer(4) : 143 b.t.u.per hr. per 
. sci. ft. per deg. 

Temperature differential diagram -- 

area I indicates the 

7o de-superheating process, 

while condensation is 

shown by Area II. 



Part I- 

heat removed = 724 i.t.u,/1b. - 628 i3.t.u./1U. 

96 .t..u./1o. 

Total heat removed 96 X 1.24 lb./min. 

119 B.t.u./in±n. 

119 .t.u./min. 
Temp. rise of water 

74 
o 

1.60 

o 
Temp. at o 60 + 1.bO 

61.60 

Using logaritbmic mean temp. diff., and 9 as temp. 

differences, 

- e2 

e - n-log 1 e- 
1300_ 1O. 

- 1o' 
'e 10.5 

o 
- c0 
- .I.I.._ J. 

H 
Surface - K 9 - m 

min. 
119 B.t.u./rnin. x 60 b-r. 

.t.u. o 
1431t.2- r.-de. 

= 
0.84 sq. ft. 



Part II- 

Heat removed : 75 ß.t.u./min.- 119 .t.u./min. 

= 626 .3.t.u. per naii. 
o o 

10.5 - 2 

= log 10.5 
e 2 

5.13 degrees. 

626 b.t.u,/rnin x 60 min/hr. 
Surface - -- 

- iD.t.u. 
o 143 

hr.-ft.2-oeg. X 5.13 

: 51.3 sj. ft. 

Total condenser surface 
: 51.3 + 0.84 = 52.1 sq.ft. 

t3- ¡imount of Direct-Expans±on Piping Required 

Because of the smallness of the room, the entire 

capacity of the machine cannot be used for cold-storage; 

excess capacity will be available for brine- and. air- 

cooling or any other purposes desired. 

Using 1*" steel pipe, 

1000 cu.ft. 
Amount of pipe for 1200 cu.ft. room(7) cu.ft. 

1- ft. 

: 800 ft. 

- 

As the capacity of the room is desired as great as 

possible, let the amount of pipe : 1200 ft. 



The direct-expansion piping is to be arranged on 

centers in six rows containing 200 ft. of pipe each. 

7- Refrigerating Capacity In Cold-Storage Room. 

Temp. difference between air and anmionia(6) 150 

Heat transfer coefficient(3) 2.0 b.t.u.per hr. per 
sq.ft. per degree. 

(a)Heat leakage into room.-- 

iecause of the low temperature desired, corkboard 

having a thiclmess of 8 inches will be used.(6) 

Conductivity of cork(6) : 0.08 B.t.u./Iir.-oeg.-in. 

If H is the heat loss, 

H K A(t1-t2) where K conductivity. 

A. surface area in sq.ft. 

(t1-t-,) : temperature difference. 

The temperature outside the cold-storage room will 

be aoout 70 degrees, since the room will he inside a 

building. 

Through walls and ceiling 

I 0.308 
I - 8" 

ß4 x 10' x 121)+(10'xl()T)] x (70-7) - H- 

: 1,410 B.t.u. per hr. 



Through floor 

Ground temperature is usually about 50 degrees. 

0.308 0 0 
H « 

x (io' x io') x (50 - 7 ) 

: 165 3. t. U. per br. 

Total heat leakage 1,410 + 165 

. = 1,575 3.t.u. per hr. 

(b)Tjseful refrigeration in room, E. 

Length of pipe per sq. ft. 

- 
of external surface(5) : 2.30 ft. 

1200 ft. o 
- 

Ht _ 1.377 = 2.0 x 
2.5 ft./softX (15 

H' i5,6'70 - 1,575 

: 14,095 B.t.u. per hr. 

14,095 i3.t.v/hr. 
Useful refrigeration i.t.u. : 1.19 

60 j X 200 
mln.-T 

tons. 

8- amount of brine Piping Required 

The same length and arrangement of orine piping as 

that of the direct-expansion piping will be used. Using 

lett steel pipe 

Length of brine piping _ 1200 feet 



9- Cold-Storage ioorn Capacity with i3rine Cooling, H" 

For brine piping, 

Heat transfer coefficient(6) 3.0 13.t.u/hr.-deg-sq.ft. 
1200 ft. O 

±1" + 1,575 3.0 x / x 15 2.O /scj.ft. 
ii" 23,500 - 1,575 

21,925 D.t.u. per hr. 

21,925 Useful Refrigeration 1.84 tons. 
min. .t.u. 

60 
jT x 200 min.-T. 

- ]Size of i3rine-Cooler Evaporating Coils. 

Heat transfer coefficients-- 
Film coeff. for boilig arinnonia 240 B.t.u/hr.-si.ft.-- 

2 deg. 
urine film coefficient-- 

If h : filin coefficient, 
0.B/ 0.2 

h : 0.70 [l.8(t + loo) V d 

- where t : brine temp. in deg. F. 

V = urine velocity, ft. per sec. 

d pipe diameter, inches. 

As the brine cooler is to oe a trunk, or race- 

- way, type, the brine will not be flowing in pipes, 

. 
but d will be used as the probable outside diameter 



s, 

of the coo1in coil pipes. Data on urine film co- 

efflc±ents in a trunk type cooler were not available. 

Velocity of orine In cooler(2): 150 ft./min. 

: 2.5 ft./sec, 
o 0.8v 0.2 

h 0.70 {l.a(_8 + l00)(2.5) / (1.0) 

, 
h 116 x 2.08/1 

= 241 ±3.t.u./sq.ft.-hr.-deg. 

Heat transfer coerficient of' steel(5) 

h : 25.0 i5.t../hr.-scj.1t.-ft.-c1eg. 

s 

According to rererence (5), the pipe thickness 0.310,' 

and for this thickness, 

h 25.0 x 'u : 9,680 B.t.u./s.ft.-b.deg. 

Overall heat transfer coefficient, K-- 

i 
K 

, 
i + 

I 

h1 h2 h3 

i 
- 

1_4. i ti 
2±0 9,680 241 

: 120 i3.t.u./hT.-ei.ft.-de8. 

- Mean temperature difierence-- 

o 
' Allowing a 3 rise in orine temperature (2), and 



o (1) 
having an animonia temperature of -15 F. 

- 5 
10-7 

J-o 

_150 
loge 

'7 

= 8.38° 

Tota], heat to be removed, H-- 

H 3 tons of refrigeration 

= 36,000 B.t.u. per hr. 

Coil surface, A-- 

H : K A(T) 

A 36,000 B.t.u./br. 
- 120 x 8.38' 35.8 sg.ft. 

11-Amount of Brine to e circulated 

Specific heat of 29.3°/e CaC12 brine(6) 0.635 B.t.U./lb. 

Weight of 1 gal. of brine at 68°F.(6) a 10.56 lb. 

Temperature rise of brine solution(2) 3. 

H : 1A T 

Or, 
li WST 

B.t .u. 
3 T. X 200 niin.-T 

0.635 ß.t.u. 
lb.-deg. 

315 lb. per mi.n. 



No. of gal. or 
315 lb./rnin. 29.9 or 30 gal. per rnin. brine 10.56 lb./gal. _______ 

12-Size of brine Tank 
cu.in. 

231 gal. 
Volume of brine = 30 gal./inin. X 1728 cu.ir. 

cu.f t. 
4.01 Cu. ft. per min. 

cu.Ít. 
Free cross-sectional aTea of tank. 4.01 nun. x 

144 sq.ft. 
150 In-in. 

3.86 SLj. in. 

Assundn 4 rows of 1-inch pipes (1k" outside diameter), 

with a height of 12 inches, in the evaporating coil, 

the area occupied by the coil will be 

A 4 x 12!? x 

60 s-i. in. 

Total cross-sectional area of brine tank 60 t- 3.86 

k3rine tank dimensions = 

13-Brine Circulation System. 

(1) Brine piping-- 

63.9 S(.iX1. 

6" wide by 14" hig 



t 

Economical brine velocity (2) 3 ft. per sec. 

Area of main brine pipe 
4.01 cu.ft./min, 2 

cross-section : rt. sec. in. 
3 c. x 60 x 144 ft.2 

3.21 sq. in. 

2 

Inside diameter of brine main 
3.21 in. 

- 3.1416 

= 2.02 in. 

Use brine main diameter as 2 inches 

(2) .3rine Pump and Motor.-- 

Reliable data on CaC12 brine viscosity at low 

temperatures are not available, ut interpolation 

from tables ßiven in reference (3) indicates a value 

of 8.86. To be on the safe side a viscosity of 10 

will be used. In the following calculations symbols 

used will be 

f : friction factor. 

1 : length of pipe in feet. 

V : average linear velocity in feet 
per sec. 

4.4 viscosity in centipoises. 

p = pressure drop in lb. per sq. in. 

s : specific gravity of the orine. 

D inside diameter of the pipe in 
inches. 



Dv s 
The friction factor, f, is proportional to 

For the brine main, 

Dvs = 2.0 ;: 2.5 ft./sec. x 1.31 
,4k 10 

0.654 

Dvs 
From reference (3), for 0.654, 

f 0.012 

There will be two alobe valves in the circuit, for 

each of which 

Euiva1ent length (3) = 45 pipe diameters. 

It will be assumed that the brine main will 

have a length of 30 ft., or 60 ft. both ways. Then, 

-- in. 
2.2b pia. 

Total pipe length : 60' i'(2 valves x 45 dia.x12 

: 76.9 ft. 

To find the pressure drop (3) 

2 
flsv 

p : 0.323 D 
2 

0.012 x 76.9 x 1.31 x (2.5) 
= 0.323 X 

2.0 

2 
1.22 lb. per sq. in. 

For the brine cooling pipes in co1d-storae room, 
I 



-J 

The brine fron the 2--inch main will be distri- 

buted. among 20 1*-inch pipes. In these pipes the 

velocity will be 

ft. 1T/4 x (2.25)2 
v:2.5 e X 

20 x /4 X (1.25) 

= 0.406 ft. per sec. 

ft. 
Dvs = 1.25" x 0.406 x 1.31 

io 

e 

From reference (3), 

: 0.032 

In the cooling room there will oe 40 tees, 

equivalent length 60 dia.(ö), and 120-90° elbows, 

equivalent length : 30 dia.(3) 

Length of brine piping (from item 7) 1200 ft. 

I Gross length : 1200 ft. 
+ 60 dia.x l.25')+(120 x 

12 
I 

(40 tees. x 
ft. 

- 
l2 

t 
: 3.28 lb. per sq. in. 

u 1825 ft. 

0.032 X 1825' x 1.31 x(O.406)2 

. 

¿p:O.323x 
i 2 5 



Tot&1 brine pressure drop : 1.22 + .28 

4.50 lu. per sq. In. 

To find power required for brine punip-- 

Since a pressure of 10 lb. per sq. in. is re- 

quired on the brine spray nozzles (see item 17) the 

motor size will oc determined by this larger size. 

Pump efficiency (5) 

lb. sq4n. cu.ft. 
10 sq.in. x 144sq.ft. x 4.01 

Power nu_n. 

f t.-16 33,000 
Hp-min X 0.70. 

0.25 hp. 

Allowing sorne extra power in case of an over load, 

Motor power = 
i horsepower 

'Io find, size of brine pump-- 

Discharge velocity 10 ft. per min. 

4.01 cu.ft./min.x 144 
Discharge area 

10 ft./sec. x 60 sec./rnin. 

= 0.964 sq. in. 

[4 x 0.964 
Pump outlet diameter : 'V 3.1416 

: 1.23 inches 

It will oe suitable to let pp size 1 inch 



I 

s 

Puiip capacity 30 gal. per min. 

14- Air Required for Cooling. 

Air enters the room at room temperature, i.e., 

7 degrees, and for better temperature control the 

maximum temperature rise of the air will be 3 degrees. 

In obtaining heat contents, the humidity of the 

air will be taken as 50 per cent. The necessary data 

will be taken from 'Properties of Mixtures of Air and 
o 

Saturated Water Vapor Below 32 F.", a table by Claude 

A. u1kely. 

o 
Total heat of air and vapor at 10 13.139 i3.t.u.uerlb. 

Total heat of air and vapor at 7°. 12.312 B.t.u.per 1. 

Heat to be removed (Item 3) : 600 Bt.u. per minute. 

B . t . u. 
600 min. 

wt. of air required (13.139-12.132)3.t.u./lb. 

: 600 lb. per min. 

o 

Specific volume of air-vapor mixture at 10 11.85 cu. 

ft. perlb. 

lu. cu.ft. 

Volume of air required : 600 x 11.85 lb. 

ll3 cu.ft. per min. 



I 

-i C, 

15- Size of Air Ducts. 

Air Velocity through ducts = 400 ft. per min. 

Cu. ft. 
1,iio 

Free duct area - _______________ 
- 400 f t./rnin. 

2.78 sq. ft. 401 S.j. in. 

For simple brine spray duct, 

Dimensions. 20f' x 20" 

For cooling coil duct, 

Assuming 15 rovs of l-nch pipe (1k" outside diameter), 

with a cooling coil heiht of 18 inches, the area 

occupied by the evaporating coil will be 

A 15 X 1.25" x 18" 

338 sq. in. 

Total duct area 401 + 33B 

: 739 sq. in. 

Let duct dimensions : 24" high x 31" wide 

Duct length (Item 17) - 14 ft. 

i 5 a-Insulation 

According to reference (6), the economic thick- 

of the insulation for the temperature ranges 
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¡t 1 

which will be used in this plant is 8 inches. 

Corkboard insulation is probably the best for 

te cold room, the air ducts, and the brine tank. 

Pipe insulation should be cork of the thicirness 

listed under "Description of iquipment", as taken 

from reference (6). 

16- Surface Required in Air-Cooling Coils. 

Film coefficient of air2 6.0 .3.t.u. per hr. per sq. 
ft. per dei. 

2 
Filin coefficient of NH3 = 240 B.t.u.per hr. per sq. 

ft. per deg. 

Heat transfer coefficient 

of steel(Item 9) = 9,680 i3.t.u. per hr. per sq.ft. 
per deg. 

Overall heat transfer coefficient-- 

K - 
__i__ 4 
h1 

14 
6.0 

i 

_I__ 
h2 h 

1 

i + i 

240 9,680 

5.85 i3.t.u. per hr. per sq. ft. per deg. 

As in the cold storage room let the ammonia tempera- 
o 

ture be 15 below that of the air. Then the surface 



of the coils is, 

H 

KAT 
D.t.u. min 600 min x60 

= 
o 

5.85 x 15 

17- Power Required lar Air Fan 

410 s. ft. 

According to reference (1), for a fan delivering 

1185 cu.ft. per nain, the power required against a 

static pressure head of -i-inch of water is 0.21 hp. 

Iotor efficiency (6) = 70% 
0.21 hp. 

Motor power QQ 
: 0.30 hp. 

Use motor power j horsepower 

18- Brine Spray Sa-stem. 

amount of brine (Item 10) : 30 gal. per min. 

There is little data on heat transfer of brine 

sprays, so the air duct length will be determined by 

the number of nozzles required to carry the necessary 

amount of brine. 



From reference (6), the capacity of -" nozzles 

irnde a pressure of lo lb. per sq. in. is 4.02 gal. 

per min. 

Then use 7 i-inch nozzles. 

because of the pressure required on these nozzles 

the brine pump must be made twice as large, and the 

pump motor must likewise be increased in power. 

Nozzle spacing (6) 2 ft. 

- Duct length 7 nozzles x 2 ft. 14 feet. 

Place the nozzles on standpipes which extend up- 

ward half the height of the duct, so arranged as to 

spray in the direction opposite to that in which the 

air current is flowing. 

Size of pipe connection to " nozzles (6) inches 

19- Low-Pressure Compressor 

The low-pressure compressor, a rotary type, will 

deliver animonia vapor to the high-pressure unit at 

the usual suction pressure of the latter, or 20 lb. 

per sei. in., acsolute. The low suction pressure will 

- be that corresponding to -52°F.(l), since the desired 



I o 
in!nixnuin temperature is to be -40 F. 

' 

o 
Specific volume of NH3 at -52 36 cu.ft. per lo. 

Theoretical compressor 
cu.ft. lb. 

displacement = 36 lb. X 1.24 

= 44.7 eu. ft. per min. 

Charge efficiency (No available data) 60 % 

44.7 
Actual displacement = 74.5 cu.ft. per min. 

20- Power Required for Low-Pressure Comressor. 

Total heat at intake 592 .-3.t.u. per lb. 

Total heat after compression 648 B.t.u. per lb. 

B.t.u. lb. 
(648-592) lb. x 1.24 

Adiabatic hp. 
i3 .t.u. 42.4 
min.-hp. 

: 1.64 hp. 

echanical effy. of compressor (2) 35 %. 
s 

1.64 hp. 

. 
Lotor lip. 

35 

: 4.69 hp.-- Use motor hp. = 5 hp. 

. _j:- 
Size of Intercooler and Liquid Pre-Cooler. 



The intercooler will remove the superheat from 

the vapor after compression by the booster and before 

entering the main unit. It is a constant pressure 

process. 

An intercooler may be fabricated from a large 

piece of pipe as shown in figure 4, the best-possible 

heat transfer oeing obtained by bubbling the super- 

heated vapor through the cooling liquid. 

Heat content of vapor after initial coni- 

- 
pression 648 B.t.u. per lb. 

Heat content of dry vapor at 20 lb., 

- 

abs. 603 i3.t.u. per lb. 

Heat to be removed (643-608) 40 .t.u. per lb. 

In the liquid pre-cooling process-- 

1-leat content of liquid at 72° 123 3.t.u. per lb. 

o 
Heat content of liquid at -15 27 ß.t.u. per lb. 

s 
Heat to be removed = (123-27) 96 B.t.u. per lb. 

When the intercooler is being used for 00th de- 

superheating and liquid pre-cooling, let x the 

weight of ammonia evaporated in the intercooler. It 

is evident that the amount of ammonia coming froni the 

booster will be (1.24-x) lu. per min. Since the 
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refrigerating effect of the liquid is 484 B.t.u. per 

lb., it may be written that, 

(1.24 - x) 40 + (1.24 - x) 96 (x)(484) 

X anm1onii evaporated in 

intercooler 0.272 lb. per min. 

To find amount oÍ' pipe necessary for liquid pre-cooling- 

Ammonia pre-cooled = 1.24 - 0.272 

= 0.97 lb. per min. 

. Heat to be removed 96 B.t.U./lox Q97 lb./min. 

: 93 13.t.u. per min. 

Lean tempera 

870 

fli 

: 22.6 

bure difference, 9m 

o 
-2 

87 
2 

degrees. 

. 

Using a heat traisfer coefficient of 143, the same as 

- that in the condenser, the pipe surface, 

H 
A: K 9m 

I 

93 ß.t.u./min x 60 r:in./hr. 

-. - 143 x 22.6° 

: 1.73 Sc1. ft. 



Diameter or pipe (Item 21) Inch. 

Length of pipe having 

1 sq. ft. of surface (5) = 7.08 ft. 

Total length of pipe coil in intercooler, 

L 1.73 sq.ft. x 7.08 ft/s.i.ft. : 

22-Pipe Sizes 

(a)Suction line of high-pressure compressor, 

NH3 volume : 16.2 Cu. ft. per min. 

Pipe area 

Let vapor velocity = 2500 ft. per min. 

cu.ft. 
16.2 in. 

144 
sq. ít. 

2500 

= 0.935 sq. in. 

Pipe diameter 0.7854 

12.3 ft. 

1.1 inches.--TJse steel pipe of 
diam. 1 inches. 

s 

(b)Discharge line of high-pressure compressor. 
:ib. cu.ft. 

N±13 volume 1.24 x 2.8 min. it). 

: 7 cu.ft. per min. 
cu.f t. 

3.47 min. sq. in. 
Pipe area : x 144 sq. ft. 

2500 ft. 

: 0.20 sq. in. 



Pipe aiarn. 0.505 in.--Use steel pipe, diain.: inches 

(c)Suction line of low-pressure compressor. 

NH3 volume : 44.7 Cu. ft. per min. 

cu.f t. 
44.7 min. 

- sa. in. 
Pipe area 

2500 .L 
min. 

: 2.58 sq. in. 

X J44 - - 
sq. ft. 

Pipe diameter 1.81 in.--Use steel pipe--diarn.; 2 inches 

(d)Dischare line of low-pressure compressor. 

lb. 
NH3 volume : 1.24 min. x 16 cu. ft. per lb. 

: 19.8 Cu. ft. per min. 

cu.ft. 
19.8 . 

sq. in. 
Pipe area : 

min. X 144 ft. 
2500 

min. 

- 1.14 sq. in. 

Pipe diameter 1.21 inches.-- 

Use steel pipe-- diam. l inohe3 

(e)mmonia liquid line. 

Velocity of liquid (6) : 3 ft. per sec. 

Specific volume of liquid(6) : 0.024 cu.ft. per lb. 

Total vo1uie : 0.024 cu.ft./lb. x 1.24 lb./min. 

: 0.0298 eu. ft. per min. 



0.0298 cu.ft./rnin. x 144 sq.in./sq.ft. 
Pipe area - 

- 3 £t./sec. X 60 sec./min. 

0.0238 sq. in. 

Pipe diameter 0.173 inches-- 

Use steel pipe--diam. 
- 
inches 

23-Size of unmonia-Neighin Tanks. 

Two weighing tanks will be arranged to have 

airnonia flowing from one while the other is filling. 

For convenience in operating the capacity of each 

tank will be made great enough to allow for one-half 

hour of operation between fillings. 

Weight of amonia 30 min. x 1.24 

: 37.2 lb. 

Specific volume of licjuld(1) ; 0.024 cu.ft. per lb. 

Tank capacity : 0.024 X 37.2 

: 0.9 cu.ft. or 7 gallons. 
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