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The rapid advance made by refrigerating engineering in 

the past few years has given rise for the need of specific 

information concerning the efficient operation of the recent 

developments. 

This paper has been prepared for the purpose of present- 

- 
ing detailed as well as general in oO H

y
 

4 C [o
} 

hr
s 

0]
 

=
 

concerning the & i
 orm 

operation of the modern air cooling machine, and to present 

it in such a manner that it will be of interest and value to 

those who may be interested, even mildly, in any application 

of this refrigerating principle. 

It differs from the other writing concerning this subject, 

primarily in the fact that it is free from the general influ- 

ence of "sales points" that characterizes the majority of the 

material that has been prepared in writing, mostly by the manu- 

facturers. 



GENERAL SURVEY. 

Refrigerating engineering has become one of the most im- 

portant phases of industrial and economic activity, and its 

increasing importance has brought out the need for research in 

this field, not for the purpose of seeking new applications, 

but for the more efficient utilization of the methods and 

equipment at hand. 

Industrial enterprises, such as packing houses, cold stor- 

age shipping units, creameries and dairies, ice cream manufact- 

uring plants, and food preservation industries have made the 

application of refrigeration universal. 

Other uses of refrigeration are indicated by the install- 

ation of refrigerating machinery in all modern hotels, restaur- 

ants, apartment houses, hospitals, theatres, and public build- 

ings. Of late, refrigerating processes are being used quite 

extensively in the rayon industry. 

New uses for "cold" are being found every day, and the 

demand for information and data on refrigerating processes and 

equipment has become acute. 

A comparatively new system of refrigerating has been 

placed on the market, and this system of direct air cooling 

gives promise of excellent results when used not only in con- 

nection with a cold storage plant, but also in.the cooling 

and conditioning of air in factories and in public buildings. 

The available data regarding recent installation of re- 

frigerating systems of this nature is very limited, and there 

has been very little written on the subject. 



The work that is presented herein supplements that which 

has been done by a few of the manufactures, only the results 

found from these tests, and others that may follow, will be 

presented as general information entirely free from bias, prej- 

udice or sales propaganda. 

PURPOSE . 

The purpose in undertaking this work was to determine by 

experiment and observation the operating characteristics of a 

direct air cooling system and to present this information in 

such a manner that it will meet, in part, the demand for such 

material. 

The special ends or determinations to which these tests 

have been directed are: (1) An investigation of the relation 

of humidity to the heat transfer rate; (2) the effect of the 

coefficient of performance on the refrigerating efficiency; and 

(3) the resultant effects on the operation of the compressor of 

the system due to the variation of conditions under which the 

air cooling unit was operated. 

ANA! {ERAL THEOR 
JhliLoa LULL. 

he general principles or thec 

lar type of air cooling atvat stem operates ls. that the alr clrcu- 

lated will produce the desired refrigerating effect by means 

+ of its sensible heat. 

In this system, the air is cooled by passing over coils 

through which a refrigerating media is circulated, and is then 

blown into the room. The air, upon being circulated about the 

room, will rise a few degrees in temperature and thereby pro- 

duce the refrigeration or cooling effect. 



The whole system of operation, and the results produced, 

is dependent directly upon the amount of the refrigerating media 

circulated through the evaporating coils. 

The first consideration tc make then in the use of this 

type of machine should be with the method or system employed 

to control the amount of the refrigerant circulated. 

The most plausible means or methods for control, in the 

light &f present developments, are: (1) Hand control or regu- 

lation of a master valve; (2) Float control; and (3) Thermo- 

static control. 

The results of any tests made to determine efficiency or 

general operating characteristics will be contingent upon the 

method of refrigerant circulation control adopted. 

Method and Apparatus Used. 

All of these tests were made with the refrigerant circula- 

tion controlled by means of hand regulation. This method of con- 

trol was adopted because it is best suited to the installation. 

All other determinations were made according to the specifica- 

tions of the American Society of Refrigerating Engineers. 

As all determinations were made according to standard speci- 

fications this portion of the paper will be given over to a 

brief description and methods of operating the system, rather 

than to take up the theoretical considerations involved. 

Compressor. 

The tendency in designing ammonia compressors is toward 

higher operating speeds; and within recent years, it has been 

possible to obtain compressors with capacities from 25 to KO 

tons of refrigeration per day, operating at speeds from LOO +o 



1 

500 revolutions per minute. The +] 
fa)

 vdvantages of higher speeds 

are obvious. Electric power is being used more and more for 

refrigerating plants, and it is desirable to avoid speed re- 

duction from the motor to the compressor in order to obtain an 

efficient drive. Other advantages are (1) saving in space re- 

quired; and (2) weight, which means lower first cost. 

The compressor tested operates at 220 revolutions per min- 

ute; the driving motor operating at &280 revolutions per minute. 

On the upward stroke, the cold vapor of the refrigerant, 

which comes from the cooling coils through the suction pipe, is 

drawn into the cylinder mn
 

pace below the piston. During the re- 

turn (downward) stroke, the vapor passes through the suction 

valve into the space on the top side of the piston. At the end 

of the downward stroke, the suction valve closes, and the vapor 

of the refrigerant is then compressed during the next upward 

stroke. When the pressure of the vapor becomes great enough, 

the discharge valves open, and the vapor is forced out of the 

cylinder. 

The cylinders are cooled by the circulation of water in a 

water jacket about the cylinders. J 

Volumetric Efficiency and Clearance. 

The rates of the volume of the vapor of the refrigerant, 

which is actually handled to the volume of the piston displace- 

ment, is called the volumetric efficiency. 

There are a number of reasons why the volumetric efficiency 

of a compressor is less than 100%: (1) The amount of vapor of a 

refrigerant that will fill the volume of the piston displacement 

at the temperature and pressure in the cooling coils of the evap- 

orator is always greater than the amount actually taken in. 



(2) The vapor of a refrigerant is heated by throttling when it 

enters the cylinder of the compressor, and ite heating by throt- 

tling produces a higher temperature than that corresponding to 

the pressure; in other words, if the vapor is dry and saturated 

in the suction pipe, it will be superheated in the cylinder of 

the compressor; (3) another condition tending to reduce the act- 

ual volume of the vapor of the refrigerant that enters the cyl- 

inder is the lowering of the density of the vapor of the refrig- 

erant in the cylinder because its pressure is less than the 

pressure in the cooling coils of the evaporator; (M4) still an- 

other reason for the reduced volume of the refrigerant entering 

the compressor cylinder is that there is a larger space inside 

the cylinder than is actually swept through by the piston. This 

excess volume is called the clearance. On this particular ma- 

chine the clearance is very small, yet it produces an appreciable 

effect. 

There are always some leak 

oressor, so that the actual volume delivered will be somewhat 

legs than the theoretical displacement of the cylinder. The 

la Sl po y 5 ~ lhe 2 Af 5 le wry 4 Ao £ . 

losses are due to incomplete filli of the cylinder of the com- 

pressor at each stroke and leakage through the valves and around 

the piston. 

In these tests no attempt has been made to determine the 

exact effects of the amount of clearance in the operation of 

the machine, nor to make a complete analysis of the factors af- 

fecting the volumetric efficiency. Such investigation is be- 

yond the scope of this report. The reasons given above are only 

for the ourpose of showing why the volumetric efficiency is al- 

ways less than 100% and in reality aporoximates the values de- 

termined from these tests. 
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The diagram illustrates an ideal compressor card with clear- 

ance. The gas or vapor of the refrigerant which remains in the 

clearance space ig —-- 

Ve = C Vp 

Vp = piston displacement of the cylinder: 

C = percentage of clearance. 

The apparent volumetric efficiency is the ratio of V3 : Vp 

Vi = Vp Ve - V fo
) 

N Vd = Vc 

=
 j
i
 

<
 

e)
 

{FL d 

o
d
 

v}
 

~
 

NA) = Vp +m Vp -mVYD <= 

t
d
 

[a
= 

e
r
 

b
t
 

= Vp [1 + m-niP2) Y 
(F{) n 

wise: 5-5). me-m (— 

The volumetric efficiency may be determined from the com- 

1) 
pressor indicator card by measuring the lengthe of the lines Vy 

)
 

and Vp and determining the ratio between. At best such a methad [4
2]
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is only an approximation, but it is sufficiently accurate for 
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the results des and was the method employed. 

jo
n enser is multi-pass unit. It is 8 inches in dia- Q
 

n C Q
O
 

meter by 18 feet long and contains seven two-inch No. 10 gage 

seamless steel tubes. The condenser is complete with gas, lig- 

uid and drain valves. The cooling water can be raised to any 

temperature desired by means of an auxiliary steam connection. 



Receivers. 

The liquid ammonia receiver is made up of two vertical 

units, each 12 inches in diameter by 6 feet long, complete 

with inlet, outlet, and drain valves, and gage glass connec- 

tions. By the alternate use of the receivers the amount of 

ammonia being circulated at any time can be determined. 

Heater. 

Because of the size of the room it was necessary for test 

purposes to have some means of absorbing any excessive amount 

of "cold" produced. To accomplish this, electric resistor 

heaters were installed. The electric energy absorbed by these 

heaters was measured by means of suitable instruments, and the 

energy was taken as being equivalent to the amount of “cold 

absorbed or neutralized. 

Cooling Unit. 

One of the chief difficulties encountered during the test 

was the accurate measurement of the ammonia circulated. This 

difficulty could be overcome to a larger extent by the install- 

ation of graduated gage glasses. 

Bubbling of the liquid ammonia in the gage glass contrib- 

uted to the difficulties encountered, but it was discovered 

that this troublesome feature could be overcome by increasing 

the discharge pressure so that the saturation temperature of 

the refrigerant would always be above the room temperature. 

The greatest source of error entering into the results 

determined from the tests would probably be in the measure- 

meat of the ammonia circulated. Some error would be intro- 

duced due to the fact that on successive tests the same therm- 
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RESULTS 

Temperature of Cold Room, Degrees Fahr. 

Relative Humidity in Cold Room, Percent 

Temperature Difference, Outside and Inside Room 

Weight of Ammonia Circulated, Pounds per Hour 

Cooling Water Supplied to Condenser, G. P. NM. 

Cooling Water Supplied to Jacket, G. P. ¥. 

Refrigerating Effect, B. T. U. per Pound 

m Tr 

Compressor Effect, B. T. U.' per Pound 

Available Cooling Effect, B. T. U. per Hour 

Tone of Refrigeration Produced 

Theoretical Horsepower of Compressor 

Total Radiation, B. T. 7. per Br. per Degree Temp. Diff. 

Heat Transfer Rate, Radiation per Sq. Ft. Cooling Surface 

Superheat of Gas at Suction of Compressor, Degrees Fahr. 

Superheat of Gas at Discharge, Degrees Fahr. 

Coefficient of Performance 

Heat Input to Cold Room, B. T. U. per Hr. 

Radiation Into Room, B. T. U. per Hr. per Deg. Temp. Pift- 

Electrical Horsepower of Compressor 

Electrical Horsepower per Ton of Refrigeration 

Indicated Horsepower of Compressor 

Indicated Horsepower per Ton of Refrigeration 

Refrigerating Cycle Efficiency, Percent 

Mechanical Efficiency of Compressor, Percent 

Volumetric Efficiency of Compressor, Percent 
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CONCLUSIONS 

The conclusions reached from this study are presented 

here in the form of interpretations of the derived curves 

and graphs. 

Figure 1 shows that the >]
 e¢ is a straight line relation- 

ship between compressor efficiency and compressor effect. 

The equation for the relationship being -- 

Ec = 0.766 Ce — 8.3 

Ec = Compressor efficiency. 

Ce = (Compressor effect. 

The indication is that the compressor operates more ef- 

ficiently at the heavier loads. Therefore, in making a selec- 

2 - 
V tion of a compressor for any installation, one should be se- [¢

 

3
 

lected so that it will operate at rated capacity. Ii <
 

roy 
From Figure 2 it appears that the refrigerating cycle ef- 

ficiency varies inversely with the coefficient of performance. 

Thus it would seem that the best operation to be obtained would 

be with the ratio of the work done by the cooler to that done 

by the compressor low. This is contrary to the general opinion 

of refrigerating engineers.* This is probably due to the fact 

that the compressor operates most efficiently under heavy load. 

It is evident that a point representing some coefficient of 

performance will be reached that will give the highest possible 

*#Handbook of Refrigerating Engineering" by W. R. Wool- 

rich, page 261. 
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35 

efficiency. Further study that would help to determine this 

point would be of value to operating refrigeration engineers. 

Figure 3 shows that the tons of refrigeration also in- 

creases with the humidity in the room. Of course, the tonnage 

would be expected to increase with the load, but it is of in- 

terest that it increases with the humidity. This is due to 

the fact that the rate of heat absorption increases with the 

humidity. 

Figure 5 shows that best efficiency is to be obtained 

with the suction side superheated. This is also contrary to 

the opinion held by the manufacturers. (See Appendix) 

The point of best efficiency moves up the superheat scale 

as the load increases. Thus, it is necessary to vary the suc- 

tion superheat with the load in order to obtain best perform- 

ance. 

Figure 6 indicates that the rate of heat absorption var- 

ies with the humidity of the surrounding air and also with the 

air velocity. This indicates that for rapid cooling a high 

fan speed should be used. 

The temperature at which the cold room can be held varies 

with the humidity, air velocity and rate at which heat is be- 

ing injected into the room, as shown by Figure 7. 

From Figure & it appears that for low and medium loads 

the theoretical horse-power required varies directly with the 

humidity, while the actual horse-power varies inversely with 
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b1 

the humidity. For very heavy loads the theoretical horsepower 

also varies inversely with the humidity. The probable reason 

for this is that for very heavy loads the compressor operates 

more efficiently. 

Figure 10 shows the time required to bring the cold room 

to a constant temperature under specific conditions. These 

curves were plotted directly from observations made and show 

the actual performance of the machine. 

The curve indicated by Figure 11 has very little practical 

value due to the fact that neither variable is dependent upon 

the other. Further study, using thermostatic control of the 

ammonia circulated, would probably reveal a relation between 

refrigerating effect and cold room temperature. g g 

Figure 12 shows the relation of measured heat injected in- 

to the room to the heat extracted. 

For the room to remain at a const temperature it is ev- 

ident that heat extracted must be equal to the heat input. 

Therefore, the difference of these two, as indicated by the 

curves, represents the amount of heat leaking into the room from 

outside sources. 
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CONCLUDING STATEMENTS 

It can be seen from the results given that this has been 

a general study of all of the chief characteristics of the air 

cooling system. Many difficulties have been overcome, but there 

are many more yet to be eliminated. Each of the characteristics 

indicated above can well be made the subject for an entire the- 

sis study. Since, as stated in the introduction, very little 

has been written on this subject, this paper may be used as a 

basis or foundation for further study. The results of this 

study indicate the general trends of the characteristics, but 

are not sufficient to establish them. Therefore, with this 

paper as a basis, and further research along the lines indicas- 

ed herein, this study may become of great value. 

It is suggested that a study be made of the operation with 

all conditions held constant except the coefficient of perform- 

ance. This would indicate some things about which nothing hae 

been written. A study of the effects of superheating in the 

discharge would bring out some important relationships. In 

this study little attention was paid the jacket water, but it 

ig found to be important to make a study of it. Studies should 

be made using different kinds, or temperatures of cooling water 

in the condenser and jacket. Studies should also be made using 

different pressure ranges. In fact, after a study of thie kind 

has been made, many things appear which should be studied. 

Further study, using float control and thermostatic con- 

trol, would be interesting, and is desired by the manufactur- 

ers of this equipment. 

Thus, it can be seen that only a start has been made in 

the study of air cooling systems. 
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CAGE PRESSURE. LBS. PER SQ.IN. 
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Section 2 
BASIC RATINGS YORK AIR COOLING UNITS - 2 Sheet 9 

2/1/30 

Basic B.T.U. Rating #1522 at 1750 R.F.M. 6,860 B.T.U. Per Hour " yy yy n . i Ly " #1622 at 1160 " " " . 5,450 
" {i EN) " #1534 at 1730 nv L135 2 O50 IEE 1) " ” 
" Any " #1 554-at -Lleo nw nn - 10 650 inn " " 
" LE " #1543 at-1len vw nun Co1n ’020 En " " 
n -e ay " #1543 at go "nn - 14 1350 wonw " " 
1" nono ”" #1587 at 1160" mi. 28,050 * nn " " 
WES " #1 553 at" 970° YW nin -—2T : 150 win " " 

The above basic ratings are sensible heat transfer based on 5° mean effective temperature difference 
and a FLOODED AMMONIA SYSTEM. 

Where Brine is the refrigerant, a correction must be made for Rate of Brine Flow. See Plot I (Curve 

FROST: 

No. C-104). 

Above capacities are based on a clean, or but lightly frosted coil. 4 heavy frost will re- duce the capacity of the unit, depending upon the thickness and conductivity of the frost. 

To obtain the Sensible Heat capacity of a unit under room conditions, find the Condition Factor from the following table which corresponds to the desired roon tenperature and mean refrigerant ‘tempera- ture in the coil; and then multiply the Basic Rating of the unit by this Factor. 

-In selecting refrigerant temperatures for table below- 

(a) When ammonia system is employed, use entering ammonia temperature. 

(b) When brine is used, estimate brine temperature rise in coil, and 
thus determine and use average brine temperature, 

CONDITION FACTORS 

a, AVERAGE TEMPERATURE OF REFRIGERANT (Brine or Ammonia) IN COIL 

Temp. [1550 [+51° [+ 49° [+47° [+ 46° [r43°+ 41°]+32° [+ 37° + 35° [+33° [+510 |r 29° I+ 27° J: 25° 423° [+ 21° [419° [+17° [+15° [+13° 
70° | 2,96(8.30|5.64|5.99|4.54]4.68]5.02]5.57[5.72]6.05 [6.40 |6.74|7.08|7.42|7.76]6.10 6.44 8.789.12(9.46 | 9.80 65° 12.06]2.40[2.74[3.08|3.45(3,77]4.12|4.47 [4.51] 5.16 [5.51 [5.685]6.19]|6.55]6.87]7.2117.55]7.59(8.23 18.57 18.91 60° 11.17]1.52]1.86(2.22]2.55(2,925.26]3.60]5.95]4,28 [4.65 |4.98]5.52]5.67 [6.02]6.47]6.70]7.04 [7.401775 18.10 [550 .9111.26[1.60]1.95]2,30|2,65|3.00[5.35 [3.70 [4.05|4.40]|4.74 5.09] 5.44]5.80]6.14]6.46[6.82 [7.17 500 1.04|1.40]1.75/2.10[2.45[2.81 [3,15]3.48]5.63]4.16]4.52]4.86]5.22]5.56]5.91 [6.56 480 1.10[1.45]1.80]2.15]2.50 |2.84|3,18|3.55]|3.68]4.21|4.55]4.91]5.25]5.60 | 5.95 460 1.16]1.51[1.83[2.20 |2.52|2.90]3.21]3.55| 3.90] 4.24] 4.60]4.93]5.28 | 5.6 440 1.,11[1.45[1.61 [2.15][2,50]2.83]3.20]3.52]3.89]|4.23]4.58 4.91 | 5.25 420 1.10[1.45 [1.80[2.11]2.46]2.80]3.15]3.50]3.82]4.19]4.55 [4.0 200 [.065]1.42|1.78]2,13|2,48| 2.80] 3.16] 5.503.824 |4.20 | £2.52 380 1.08]1.41[1.75]2.10]2.45]2.79]|3.12|5.46]3.61 | 4.25] | 360 1.08] 1.40[1,75| 2.10] 2.45] 2.79 3.11 3.46 | 3. 340 1,05|1.40[1.73|2.10]| 2.41] 2.78|3.11 | 3.4 

AVERAGE TEMPERATURE OF REFRIGERANT (Brine or Ammonia) IN COIL 
+ 250+ 28° [+ 21° +19°1+ 17° [+ 15%+ 18% 11°] + 9%] + 7° [+ 5°]+ 50] +19] —1°] 3°] —89] —70] —g°] —1T] —130 

320 | 1.10/1.45|1.80|2.14[2.49[2.81]3.15]3.49 
300 1,111.48]1.80[2.16]2.50] 2.82] 3.17] 3.51 

280 1,11(1.45/1.80|2.11] 2.46] 2.60] 5.14 
60 1.11]1.45/1.80] 2,14] 2.46[2.861| 3,15 
40 T.09|1.42[1.79] 2.12] 2.46] 2.80 
20 T.10[ 1.45] 1.80] 2.12] 2.46 | 2.80 
00 1.10[ 1.43] 1.78 2.119 2.45 

180 1,10|1.46| 1.80 | 2.15] 2.49 
[160 23 T.I0[ 1.24 | 1.80] 2.15] 2.47 

140 1.09 | 1.40[1.73] 2.13] 2.47 
[20 1.08] 1.40[1.70] 2.15] 2.46 
100 1.074] 1.44] 1.774] 2.12 30 [208] 1.40] 1.75] 2.09 
6° : 1.08]1.42] 1.76] 2.10 40 [L07] 1.40] 1.74] 2.08 20 1.07] 1.40] 1.74] 2.08 00 1.08] 1.41[1.75| 2.09 
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YORK HEATING & VENTILATING CORP. CONDITIONING UNIT BULLETIN # 

SUBJECT: DATE 1005 
INDUSTRIAL COOLING UNITS 2/1/30 

1500 SERIES 

GENERAL 

1500 Series Cooling Units may be used with direct expansion am- 
monia, brine, or other recirculated refrigerants. 

The total heat load to be absorbed by a Cooling Unit is made up 
of two parts, - the sensible heat and the latent heat loads. 
The sensible heat load is the heat to be absorbed to produce a 
change in Dry Bulb temperature. The latent heat load is the 
heat to be absorbed in condensing moisture from such air as is 
cooled below its Dew Point in passing thru the unit. 

The absorption of latent heat by the coil takes place simultan- 
eously with, and almost independently of, the absorption of the 
sensible heat. The coil can thus condense moisture at a consid- 
erable rate before its sensible heat capacity (i.e., its capacity 
to lower the Dry Bulb temperature of the air} is impaired to any 
considerable degree. Not until the latent heat load becomes 
nore than 35% of the sensible heat load do we need recognize the 
reduction it causes in the sensible heat capacity of the unit. 

The ratings of the units give their sensible heat capacities in 
B.t.u., per hour, which vary with the entering air tgnperature 
(Dry Bulb) and refrigerant temperature. Units are selected on 
the basis of the sensible heat (not total heat) requirement, 
which is the sum of the estimates of the following heat gains. 

(a) Direct gain thru the building construction. 4 

(b) The sensible heat of infiltration (heat to 
be absorbed in order to lower the incoming 
air from outside Dry Bulb to inside Dry Bulb). 

(e) Any heat liberated in the room from lights, 
power, people, or product (live load}. 

The latent heat load is ignored for the purpose of selecting the 
unit (except as explained in paragraph 3 and in the footnote of 
Table I), but nust be accounted for in the total heat load, 
which determines the capacity of the refrigerating equipnent. 
The amount of moisture absorbed, and therefore the latent heat 
load, is dependent upon the Dew Point of the air and the refrig- 
erant temperaturc. This moisture enters the room in three ways: 

Infiltration of air which is at a nigher Dew 
Point than that of the room. 

Inward leakage of moisture, independent of 
infiltration, due to a higher vapor pressure outside. 

Moisture liberated by the product being cooled 
or stored, or brought in by any other neans. 

Rather than attempt to arrive at the latent heat load by labor- 
ious and uncertain estimates of these moisture gains on each 
job, we have prepared a table of factors for various applications 



1005 

2/1/30 

by which the sensible heat requirenent nay be nultiplied to give 
the total load directly. These factors {see Table 1) are of 
necessity imperical, but gach takes: sufficiently correct account 
of the humidities, refrigerant’ teniperatures, and roon. tecmpera- 
tures encountered in practice on. the applications. io Which it. 
applies. . : 

NOTE:- Even though the nearest standard unit nay be over 
ii eapacity for the estimated requirements, the 

kd refrigeration equipnent need not have greater 
: capacity than that determined from the estimated 

sensible heat requirenent nultiplied by .the total 
heat load factor from Table I. ) 

DIRECT ‘EXPANSION AMMONTA 

In order to get the full rated; capacity from’ the unit, the coll 
must be fully flooded. -If-the unit.is not operating With the 
coil flocded, the capacity ney vary anywhere from 100% of rating 
to 6% of rating; Je penging. upon the percentage of flooded surface 
and the load on the unit, Piping Diagram S,D.257.0 shows the 
reconmended hook-up for automatically naintaining a flooded coil 
“with any number of units supplied from one. refrigeration plant. 

‘* Piping Diagram S.D. 257.1 shows a hook-up which will automatic=- 
. ally naintain a flooded coil where one unit is the only load 
“upon the Feirigeresion guipmeny, 

BRINE. . 

Where brine is the refpigerant, ‘the rate of brineécirculation 
influences the capacity of the. unit in ‘two ways: 

First =~ An increase in the quantity of brine gives a lower 
: *;;» temperature rise, and consequently a lower average 

temperature of. refrigerant, which results in a 
greater mean effective temperature difference and 

hence an increase in capacity. 

An increase in the brine quantity” {and therefore 
its velocity) increases the rate of transfer from 
the brine to the tube.wall, and. therefore increases 
‘the output of; the. unit. The effect of brine rate 

is recognized and expressed in Plot IT. {This ‘plot 

is based on brine having a specific heat of .92 
and a density:of 1.07. With brines of other 
densities and A heats, the error involved 
will be less than 5%.) 

‘Since the rate of ering flow has such i a. vital bearing on the 
capacity of a unit, the brine rise should be relatively snall, 
preferably 3 or 4 degrees. A brine ‘rige’of<6 ‘degrees should 
not be exceeded unless the room temperature, is as much as 25 
degrees 8boye average brine temperature, Diagram S.D. 257.2 
shows the recommended nethod for piping & Brine installation. 



YORK HEATING & VENTILATING CORP. CONDITIONING UNIT BuLLeTNBeed 2 

SUBJECT: 3 : : DATE 5/1/30 Indus trial Cooling Units 
1500 Series 

TOTAL HEAT FACTOR 

No matter what the refrigerant used, the total capacity of a 
unit when operating under a given set of refrigerant and air 
temperature conditions is vitally influenced by the humidity 
of the entering air. The following table gives, for various { 
classes of rooms, probable rcom temperatures, refrigerant tem- 
peratures, and relative humidities, the factors by which the 
sensible heat load must be multiplied in order to get the 
total load. It is obviously impractical to make up a table 
covering all possible room temperatures, refrigerant tempera- 
tures, and humidities. It 1s therefore necessary that the men 
using this table exercise Judgement, hearing the following 
gonditions in nind: (a) With room temperature and refrigerant 
temperature fixed, an increase in humidity will increase the 
factor, and conversely a decrease in humidity will decrease the 
factor; (b) With roon. temperature and humidity fixed, a decrease 
dn refrigerant temperature will tend to increase the factor, 
but this increase is of less Ragpitude than for conditions under 
1" a". 

TABLE I 

FACTORS BY WHICH TO INCREASE SENSIBLE HEAT LOAD TO GET TOTAL LOAD 
Refrigerant Relative 

Class Room: Temp. Temperature Humidity Factor 

Fruit Storage 52°.» 38° 30° 90% 1.40% 
80 1.20 

Beef Cooling 34 =~ 38 £22 20 1.35 
Curing 85 1.30 

Butter Storage 29 - 32 12 70 1.25 
60 1.18 

Candy Mfg. 60 « 75 De 60 1.25 
50 1.15 

Cheese Storage 40 25 90 1.50% 
80 1.30 

Cheese Mfg. 55 32 90 1.60% 
80 1.40% 

40 90 3.50% 
80 1.30 

Egg Storage 32 20 90 1.40% 

Pur Storage 25 = 30 0 65 1.10 
60 405 

Pork Cooling Ba i- 38 20 85 
& Lard Storage | 10 80 Ties 

(This Table continued on Sheet #4) 
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Refrigerant Relative 

class Roop Temp. Temperature Humidity Factor 

Mea} Cutting .. 50% 1-56 1 20° 85% 1.50% 
Cre a aman ; 10 80 1.55 
C49 Ga loudal dunt | 
Milk Storage  . 33 - 38 15 85 2435 

‘Mushroom’ ~~ * 60 BE 40 85 Lo40* 
Growing SE 80 1850 

Decrease sensible heat capacity of the unit 10% 
where factor is above 1.35 (explained in para- 

graph 3). This reduction to be nade before 
multiplying by the factor. HE 

10. The rating tables are based on a clean or but lightly frosted 
coil. A heavy frost will reduce the capacity of a unit, depend- 

ing upon the thickness and conductivity of the frost. This drop 

in capacity is the result-of-an-impaired heat transfer and a 

... reduced air quantity. Reduetions from .this source nay exceed 

© 80% if defrosting is neglected: - Frost-is however under the 

issicontrol of the user and 20% (maximum) is enough to reduce the 

"capacity of ‘a unit as a factor of ‘safety fer frosting. Even 

¥:.with this sllowance however the customer nust still defrost at 

. the necessary intervals if he wishes to maintain the specified 

room condition. Any reduction in sensible heat capacity to allow 

for frosting should be. nade before multiplying by the total heat 

factor. ans 

i «There are a few applications where no reduction in capacity need 

Be allowed for frost. These include: - 

Fur Storage. ra 
Chocolate Candy Storage. 
Candy Manufacturing. 

Any rooms which are kept dry amd the product stored is 

in containers, such as Lard Sigprage or Brine Cartridges. 

(e) Rooms where the refrigerant is 32Y or above. 

Equipment in such rooms, except those in class ™e", will of 
course require defrosting at intervals, but frost should not 

build up rapidly after the room is once brought to temperature, 

so the capacity of the unit need not be reduced to compensate 

for frost. 

USE oF TABLES. AND CHARTS 

DIRECT EXPANSION AMMONIA - EXAMPLE: 

Assume the following sonditions: Anmonia available at 28.5 lbs. 

"back pressure, which corresponds to 15° F. Room temperature to 

- be maintained at 35° F, with 75% relative humidity. 



YORK HEATING & VENTILATING CORP. CONDITIONING UNIT BULLETING# + #8 

5 SUBJECT: DATE 10 

Industrial Cooling Units - 1500 Series 2/1/30 

Determine the capacity of a #1534 Unit operating at 1750 r.p.m. 
with the coil completely flooded and with little or no frosting. 

SOLUTION: 
Fron. the table of basic ratings we find that this unit is rated 
at 13,350 B. t.u. per hour for a 5 degree mean effective tempera- 
ture difference. From the table of Condition Factors, for a 15° 
refrigerant and 35 degree room temperature, we interpolate a 
factor of 3.29. The sensible heat output of the unit therefore 
is 13,350 x 3.29 = 44,000 B.t.u." per hour. Fron Table I we find 
that the total heat factor is about 1.25 (sec Butter Storage). 
The total load (refrigeration required} is thercfore 44,000 
x 1,25 = 55,000 B.t.u. per hour or 4.358 tons. 

BRINE AS REFRIGERANT - EXAMPLE: 

Assume the samc room conditions as in the ammonia problem, that 
is, the room to be maintained at 35° F. with 75% relative 
humidity. Assume thet brine is available at 20° in sufficient 
quantity to limit the risc in brine temporature to not over 6° F. 

Find the capacity of ao #1534 Unit operating at 1750 r.p.m. with 
little or no frost. 

SOLUTION: 
The basic rating of 13,350 B.t.u. per-hour is taken as in the 
previous problcn. The rise in refrigerant tecnperature is 
assumed as 6°, therefore the average refrigerant temperature 
is 23°, Referring to the table of Condition Factors, interpo- 
lation gives a factor of 1.93, Neglecting for the noment the 
effect of brine rate, and assuming the transfer equal to that 
of a flooded anmonia system, multiply the basic rating by the 
Londition Factor. 

13,350 x 1,93 = 25,750 B.T.U. Per Hour - Sensible Heat. 

The total heat equals 25,750 x 1.2 = 31,000 B.t.u. per hour. (A 
total heat factor of l.2 is used instead of 1.25 as in the annonia 
problem since refrigerant temperature is higher.) 

The above values nust now be corrected for rate of brine flow. 
If the temperature rise of the brine is to be held at 6° F., the 
amount of brine required and the corrected B.t.u. capacity nay 
be found from Plot I (Curve C-104), as follows: 

Takes the total heat of 31,000 B.t.u. per hour and 
locate this point on the bottom line, then nove vertically upward 
to the oblique line marked 6°. From this intersection move hor- 
izontally to the 1534 velocity line. Fron this intersection 
read vedgdewlly to the 1534 rating curve. Fron this point on 
the rating “curve, follow horizontally to the intersection with 
the 69 line, From here read vertically downward to the corrected 
Be teu. capacity of 27,500 B.t.u. Fron this new rating point, 
re~" up to the 6° rise curve and fren this intersection fnllow 
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horizontally ‘to thsileft, vhers the! brins' required dis readi;as 9.3 
gallons per ninute. We now have the total B.t.u. capacity of the 
unit as 27,500 B.t.u. per hour when operating with 9.3 gallons o 
per ninuts of brine centering at 20°, and $his brine rising ito 26°, 

In order to obtain the correct sensible heat capacity, divide the 
corrected total heat capacity by the total heat factor. 

32300 22,900 B.T.U. Per Hour (The correct sensible 
1.2 heat rating olf WUnlt | 

for specified conditions). 
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SUBJECT: DATE 
DEFROST ING COOLING UNITS 1/8/30 

The use of refrigerants below freezing temperature 

causes frost to form on the coils of a cooling unit. The depth 

and amount of frost depends upon the temperature of the refriger- 

ant and the amount of moisture in the room air. A light coating 

does not materially affect the capacity of the unit. A heavy 

coating 8f frost, however, if allowed to accumulate, will serious- 

ly reduce the air and B.T.U. capacity. The ideal method of 

operation is without frost, and in order to approximate this 

condition, the coils must be defrosted at necessary intervals. 
Several methods of defrosting are outlined herewith. 

1. When room temperature is below freezing. 

a. Hot gas from compressor into coil. 

With direct expansion ammonia the 
most common method is to pipe to the 
unit a so-called hot gas line. This 
is a line direct from the compressor 
prior to the condenser, which permits 
hot ammonia gas to be fed into the 
cooling unit, whieh then acts in turn 
as a condenser. Condensation and 
cooling of these gases thus cause de- 
froé&ting of the unit.” During this 
operation the coil and return system 
are subjected to the high side pressure 
of the com»ressor which may amount to 

from 150 to 200 pounds. 

'., Hot brine inside ‘coil, 

With brine, 1f there ‘is 'aisource of 
hot brine (l.e., above freezing) it 
may be mined to the unit and pumped 
thru the coil, either returning thru 
its own special line or else being 
admitted to the genercl brine supnly. 

c. Steam jet under coil. 

Where neither hot gas not hot brine 
are feasible, but steam is available, 
it is possible to defrost by admitting a 

jet of steom under the coil. 

The equinment for this purpose consists 
of two or more gclvenized pipes, (de- 
pending on size of unit), one inch in 
diameter, ecch drilled with 30 5/32" 
holes shaced on two rows. York can 
supply these sprays properly positioned 
at the bottom of the coll and secured 

to the base of the unit. See Alr- 
Conditioning Bulletin #1200, 



(NOTE: .ABOVS MITHODS SUIT..BLE FOR ONT OR MORE 

UNITS IN A ROC.) 

When there is more than one unit in a room: 

4d, Hot liquor in one unit, direet expansion 

in others, 

Units con be so piped up with an inter- 

connecting liquid line that any single 

unit will have hot liquid ammonia pass 

thru the coil and then expand afterward 

in the remaining units, In other words, 

the total liquid ammonia sunply for the 

room is passed thru one unit, whose 8X- 

pansion valve is either wide open or 

bypassed, and then on to the expansion 

valves of the remaining units. By this 

arrangement the coil of the first unit 

is in series with the liquor supply line, 

and defrosting of this coil is accomplished 

by means of the warm liquor. 

This method can also be used when there 

is only one unit in the room, but where 

there are other existing coils into 

which the liquor can be expanded after 

passing thru the coil of the unit. 

2. When room temperature is above freezing. 

a. Any of methods listed under (1). 

b. Shut off the refrigerant and let the 

fans runs. However, the time for de- 
frosting may require two or three hours, 

or even more, depending upon the room 

temperature and density of frost. If 

unlimited time is available, the fans 
may even be shut down. The higher the 
room temperature, the more rapid the 

defrosting. 

3, The preferred method of defrosting is by means 

of hot gas as outlined in paragraph 1-A. 
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PIPING CONNECTIONS 
FOR 

YORK AIR COOLING UNIT 

FLOODED AMMONIA SYSTEM 

SHUT OFF °BACK PR ACCUMULATOR TO PREVENT LIQUID 
VALVE GAUGE > /PASSING TO COMPRESSOR 

vd 

NOTES :— 
—— 

FOR USE ON MULTIPLE OR SINGLE 
UNIT INSTALLATIONS. f ; LIQUID LEVEL TO BE AT LEAST I8 ABOVE CENTER LINE OF BOTTOM 

» LS WHEN IN OPERATION. A PE BE : * BACK PRESSURE REG. VALVE REQ-~ UIRED ONLY ON MULTIPLE SYSTEM 
WHERE IT IS DESIRED TO CONTROL - 
THE BACK PRESSURE ON EACH 
UNIT INDIVIDUALLY. 

° OPTIONAL 
LIQUID RETUR 

LINE 

° THERMOMETER Wi 
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LIQUID LINE _ v 
JS 

EXPANSION VALVE MUST BE 
CLOSED WHEN FLOAT VALVE 
IS IN OPERATION 

® THERMOMETER WELL 

YORK HEATING & VENTILATING CORP. 
PHILADELPHIA PA. 

YORK H&V. CORP. S.D. 2570 
DATE 1-24-30 RB.D. 



PIPING CONNECTIONS 

YORK AIR COOLING UNIT 

FLOODED AMMONIA SYSTEM 

_~—SUCTION LINE 

ACCUMULATOR TO PREVENT LIQUID| & 
PASSING TO COMPRESSOR TT 

LIQUID TRAP 
LOCATION IMMATER/ALS 

LIQUID LINE J [ 
Ne 

BY PASS AND HAND EXPANSION VALVE 
CLOSED WHEN TRAP IS OPERATING 

OTES: — 

MAY BE USED WHEN ONE UNIT IS 
ONLY LOAD ON COMPRESSOR. 

° OPTIONAL 

YORK HEATING & VENTILATING CORP. 
PHILADELPHIA PA. 

YORK H.& V. CORP. SD. 257! 
DATE 1-24-30 RBD. 



SUPPLY 

PIPING CONNECTIONS 
FOR 

YORK AIR COOLING UNIT 

BRINE_SYSTEM 
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GLOBE VALVE 

YORK HEATING & VENTILATING CORP. 
PHILADELPHIA PA. 
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