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CflAP'lEB I 

INTBODUCTlON 

The l!J!rtance ot Air Conditioning 

The tiel4 of air conditioning has become 1noreaa1ngl.y 

lmportant in the last few year.s. 'l'he indust'J!'ies oonoerne4 

wit-h the conatruotioa of air conditioning apparatus have 

expanded rapidly because ot the increased need of equip­

meat. · '!'his presents the realization ot a great opportunity 

tor engineers with the proper background and training. 

The uae of a1r con41t1on1ng in industry and public 

enclosures has increased 1n large proportions (5, pp.2-3). 

Some ot the important applications are as follows: 

1. Controlled humidity in the manufacture of oonf•c­

tlonery• the processing aad weaY1ng of artificial 

silk, and the »r1nt1rag and lithographing industry. 

2. Controlled humidity and temperature in automatic 

wrapping machines, used tor wrapping rood prod­

ucts. oigarette.s; and confectionery. 

3. Controlled temperature ot reaction and controllecl 

taoil1 tating or· retarcting ot e:vapo:ration 1n ce-r­

tain branches ot the oh$m1oal industry. 

4. Control ot the moisture oontent or air supplies to 

blast furnaces in the manufacture of pig iron. 



2 

5. Air conditioning tor human comtort in deep mines, 

in glazed ironware manutacturing, and in the lith­

ographing industry. 

6. A1r conditioning tor human comtort and perishable 

tood preservation in hotels, restaurants, other 

public enclosures, and pr1Yate homes. 

7. Air conditioning tor human comtort in theaters, 

ottice buildings, and other public buildings where 

large groups ot people may gather. 

e. Air conditioning tor human comtort and perishable 

tood preservation in the a1roratt, locomotive, and 

other transportation industries. 

The Air Conditioning Laboratory 

The Mechanical Engineering Department at Oregon State 

College has recognized that it is important tor engineers 

to haTe adequate knowledge 1n this field. Therefore, 

long-range plans were formulated tor an air conditioning 

l~borator.y that would include all equipment necessary tor 

s~ulating any possible outside alr condition and the 

means ot modifying that air to any desired t1nal condi t1on. 

A capacity suitable to condition three ot the laboratory 

classrooms was considered aa a basis ror the calculations. 

The necessary calculations (3, pp.l?3-316; a, pp.31-178) 

presented a resultent oapacity ot approximately 3000 oubio 
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teet per minute (ctm} ot outside air. The desired equip­

ment was determined trom this oapaoity. 

Air conditioning (4, p.l) may be considered to be the 

simultaneous control or all or at least the first tbree ot 

the tollowing factors which attect the physical and chemi­

cal· conditions or the a~osphere within any structure. 

These tactors, most ot which atteot human health or com­

tort, include: 

1. Temperature 5. Dust 
2. HUDlid i ty 6. Bacteria 
3. Motion 7. Odors 
4. Distribution 8. Toxic gases 

A central air oond1t1on1ng system (3, p.615) tmplies 

that the equipment such as tans, ooil refrigerating appa­

ratus, heat exchangers. air washers, filters, and their 

encasements are designed tor assembly in the tield rather 

than in the factory as a unit. A central qstem may be 

adapted tor any desired conditions, may serve several dif­

ferent enclosures f r om a distant central location, and is 

easily accessible tor servicing. This was considered to 

be the suitable situation tor the deparUnent because the 

particular pieces or apparatus could be placed in use as 

acquired. 

The essential primary equipnent necessary tor opera­

tion were the air washer, ran, end circulating water puap. 

These pieces or apparatus, as well as two cooling and 
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three heating coils, were obtained, and the preliminary 

assembly necessary tor operation was completed. 

Purpose ot . this Investigation 

The air washer, because it was ot a new desisn and ot 

different construction than ordinary air washers, was ot 

particular interest. Thus, 1 t was the decision ot the 

author that the particular characteristics ot the capil­

lary air washer, as set up in this system, might be of 

oonsiderable value., not only tor future instruction pur­

poses, but also in the addition of equipment desired tor 

laboratory development and expansion. 

The thermal and tlow characteristics ot the air 

washer were considered to be· or primary ~portance. It 

was recognized that this information would be needed in 

the near future. Therefore, because ther~ were no tmmedi­

ate problems concerning the cleanliness of the laborator7 

air, the air cleaning effectiveness of the washer would 

not be considered. Thus, the project was limited to the 

deter.mination ot the washer ther.mal and tlow characteris­

tics. 
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CBAPTEB II 

AIR WASHER TEBIIINOLOGY AND TBIOBY 

The Air Washer 

In order that the reader may tully understand and 

interpret correctly the ter.ms used in connection with the 

air washer, it is desirable that the terms be detined at 

this point. 

An air washer (3, p.l) may be thought ot as an enclo­

sure in which air is drawn or torced through a spray ot 

water in order to cleanse, humidity, or dehumid1t7 the air. 

Cleansing the air reters to the removal ot airborne tmpu­

rltiea such as dusts, gases, vapors, tumes, and smoke. 

The increase in water vapor in a given apace is oalled 

humidification, and the decrease ot water vapor 1n a given 

space is the process ot dehumidification. 

The Psychrometric Chart 

The psychrometric chart provides a convenient means 

ot representing the ditterent processes which are possible 

in the operation ot en air washer and can be used to aolve 

the problems ot air oondi tioning which are involved. 

The psychrometric chart (4, pp.65-66) shows graphi­

cally the properties ot air on the basis ot one pound ot 
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dry air (air tree ot water vapor) at standard atmospheric 

pressure, 29.92 inches ot mercury. Psychrometric (3, p.7) 

pertains to psychrometry or the state ot the atmosphere 

with reference to moisture. The air properties (4, p.66) 

obtainable from the psychrometric chart are represented 1n 

Figure 1, p.7, their definitions being found below. This 

particular chart (4, pp.67•71) 1a universal in that it has 

corrections tor barometric pressure other than standard 

and enthalpy deviation lines tor corrections ot enthalpy 

ot air tor non-saturated conditions. 

The following are definitions ot the properties ot 

moist air (4, p.66) found represented on tbe psychrometric 

chart: 

1. Saturation Temperature (T-5). Temperature ot 

saturated air at a particular vapor pressure. 

2. Dewpoint '!'•perature (T-DP). Temperature at which 

condensation ot moisture begins when tbe air is 

oooled. 

3. Enthalpy at Saturation or Total Beat (TB). A 

thermal property indicating the quantity ot heat 

in the air abo.e an arbitrary datum, in Btu per 

pound ot dry air. The da t\ID. tor dry air 1s 0° F 

and tor the moisture content, !2° F water. 

<l. Enthalpy Deviation (d). Deviation of enthalpy of 

unsaturated air from that of saturated air. 
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5. Relative Humidity (RH). Ratio of otual water 

vapor pressure in air to the pressure or satu­

rated water vapor in air -at the same temperature. 

6. Sensible Heat Factor (SHF} .• The ratio ot sen· 

s1ble heet to total heat load. The total heat 

load may be composed · entirely of sensible heat 

or may also inolude some latent heat. Sensible 

heat indicates that portion or heat whiCh changes 

onlr the temperature ot the s~bstances involved. 

Latent heat is a term used to express the enerQ 

inYolved in a change ot state. In this case the 

term latent heat reters to the change in heat 

occurring when moisture is added to or removed 

from the air. 

7. Grains ot Moisture or Speoitio Humidity (SH). 

The weight ot water vapor in grains or pounds per 

pound ot dry atr. 

e. Wet...bulb Temperature ( T-WB). Temperature regis­

tered b7 a thermometer who ae bulb is covered by 

a wetted wiok and exposed to a current ot rapidly 

moving air. 

g. Volume ot Mixture (V) • Cubic teet ot the mixture 

per pound ot dry air. 

10. Dry-bulb Temperature (T-DB). Temperature ot air 

as registered by an ordinary the~ometer. 



~~. Vapor Pressure (Pv). The pressure exerted by the 

water vapor contained in the air ia inches or mer­

CU17· 

It may be noted from Figure 1 that the dey-bulb, wet­

bulb, and dewpoint temperatures, and the relative humiditJ 

are so related that when 8.D.J two are known, all the other 

properties represented on the psychrometric chart can be 

read. When air 1s saturated, contains all the water vapor 

tt can hold at a given dry-bulb temperature, the dry-bulb, 

wet-bulb and dewpoint temperatures are the same, and the 

relative humidity is 100 per cent. 

Adiabatic Saturation 

Because the wet-bulb the:rmometer is important in psy­

ohromet!'J, it is necessary to understand the basio process 

b'hind the resultingmeasurement. 

When air below saturation (1, pp.313-315) is brought 

into contact with water, some or the water will vaporize, 

adding to the moisture content or the air. It no heat is 

added~ moisture will be supplied entirely at the expense 

ot the heat ot the air and ot the superheat or the origi­

nal quantity ot water vapor. Evaporation will continue 

and the temperature or the air will be lowered until the 

air is saturated w1 tll the water vapor. This process, tak­

ing place without heat t .ranster to or from an outside 
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source, is called adiabatic, end the final temperature 

that is approached is termed the temperature of adiabatic 

saturation or the wet-bulb temperature. 

Actually, the mixing or water vapor and air at the 

wetted surface of a wet-bulb thermometer is not adiabatic 

(1, pp.313-315) because the bulb "sees" objects at the dry­

bulb temperature. The result is a radiation error and a 

higher reading than the true adiabatic saturation tempera­
' 

ture. Also, because of the difference of rate ot diffu­

sion between the air and water vapor, a wet-bulb themom... 

eter will tend to reed lower then the true temperature of 

adiabatic saturation. Hence, the errors are largely OOlll­

pensated and account tor the largely close agreement be­

tween the observed wet-bulb temperature and the true tea­

perature of adiabatic saturation. 

Heat Exchange Between Air and Water 

When air is brought into contact with water at a 

temperature different than the wet-bulb temperature ot the 

air (9, p. 68) , there will be an exchange or heat, as well 

as moisture, between the air end water. In an7 exchange 

ot heat between air end water, the temperature of the 

water oan neYer tall below the in1tial wet-bulb tempera­

ture of the air it the initial water temperature is 

greater than the initial wet-bulb temperature. Also, the 
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conTerse is true; if tbe initial water temperature is be­

low the initial wet-bulb temperature of the air, the final 

water taperature will neTer riee a boTe the initial nt­

bulb teperature. This relationship is shown in Figure 2, 

p.l2. The diagram is ,shown as parallel flow because the 

teat air washer was of this type. 

'!'_here is only one exception to the rule that wheneTer 

tbere is an exchange of heat occ~ing when air ie brought 

into contact w1 th water, the temperatures of both must 

change. This occurs in an air washer when the spray water 

ia continually recirculated without external heating or 

cooling. The temperature of the spray water will soon 

assume the initial wet-bulb temperature and will not 

change thereafter. Aside from this, there is always a 

change in the temperature of the spray water when it is 

brought in contact with air. 

In order to humidity air with spray water, tbe tem­

perature of the spray water must be higher than the re­

quired final dewpoint temperature of the air. Such an 

amount of water must be used that, as the water cools from 

its initial temperature, its final temperature will still 

be aboft the required final dewpoint temperature. When 

dehumidifYing, the exact conTerse is true; the f1nel water 

temperature must be below the required final dewpoint ot 

the air. 
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Water Temperature 

~ 

CbaaberChamber --4---------------------------~
Inlet Outlet 

I ­

Wet-bulb Temperature 

A. Air in Contact With Heated Water 

Chamber Cballber
Inlet --4---------------------------4­ Outlet 

Water Temperature 

B. Air in Contact With Cooled Water 

Ficure 2. Parallel Flav of Air and Water Through 
a Spray Chamber 
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Thus tar, the relation between the dewpo1nt tempera­

ture ot the atr and the water temperature has been discus­

sed. In add1t1on, the relationship between the tempera­

ture ot the water and the 1nit1al dry-bulb and wet-bulb 

temperatures ot the air must be discussed. There are tive 

general cases (9, pp.69-'lg) which can possiblJ be simu­

lated 1n an air washer. The t1D8l air condition 1n each 

oaae depends ent1relr upon the characteristics end oon­

struotion ot the pe.rt1oular air •asher in use. The tive 

oases are as tollows: 

1. The temperature ot the water is higher than the 

initial drr-bulb temperature ot the air. 

2. The taaperature of the water is at a point be­

tween the initial drJ-bulb and wet-bulb tempera­

tures ot the air. 

3. The temperature ot the water is at a point between 

the initial wet-bulb and dewpoint temperatures ot 

the atr. 

4. The temperature ot the water is lower than the 

initial dewpoint temperature of the air. 

5. The temperature ot the water is constant and 

equal to the initial wet-bulb temperature ot the 

air. This is the only -case in which there is no 

variation in water temperature. 
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Case 1. If the temperature ot the water oould be 

maintained at a constant point above the initial dry-bulb 

temperature ot the air, the dewpo1nt, wet-bulb, end dry­

bulb temperatures of the air would increase, represented 

by line AC in Figure 3, p.l5. Point A represents the ini­

tial state ot the air, point B the final oondi tion ot the 

air leaving the spray chamber, and point C the constant 

temperature ot the water. The water temperature oan be 

represented on the payohrometrio ohart by a point loo..ated 

on the saturation ourTe. 

As the air passes through the spray ohamber, 1ts con­

dition is always represented by a point on the line AC. 

This point moves toward C tram the initial condition A. 

The air leaTes tbe spray ohamber at some tinal oondition B. 

The longer the air 1s in oontaot with the water the oloser 

B will approaoh c. 
In the actual case, the water temperature is not kept 

constant but drops aa 1t heats and humidities the air. 

Thus, a straight line no longer represents the oondition 

ot the air, but a cur.a suoh as AD will represent the air 

oondition. The pointE represents the tinal condition ot 

the air. The ourTe CD represents the falling water tem­

perature with point D being representatiTe ot the t1nal 

temperature ot the water. 
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Legend 

Case Theoretical · Actual c 
1 

2 

.3 

4 

5 

ABC AID 

AFO AlH 

ANO AQP 

AJK AML 

ABS ARS 

Water and Saturated 
Air Temperatures 

--------­ -------------­

Dry-Bulb 
Temperature 

0 

Dev Point 
Temperature 

Figure .3. The Five Possible Cases Obtainable in an 
Air Washer 
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The air washer, with either ste81D. oo1ls 1n the tank 

bottom or e. heater on the water o1roulat1ng line • is typi­

cal or a humidifier in which the water cools as it surren­

de-rs heat to warm the air and to evaporate a small part ot 

the spray water into the air stream. The steam coil or 

heater replaces the heat that the circulating water loses. 

Case 2. It the water temperature oould be held con­

stant at a temperature between the initial dry-bulb and 

wet-bulb temperatures or the air, the oondi tion or the air 

could be represented b7 a point traveling trom point A to­

ward G on line AG as it passes through the spray chamber. 

The point F represents the tinal. air temperature end G the 

constant water temperature. 

When the water is allowed to cool to such a point 

that its final temperature lies between the initial d1'7­

bulb and wet-bulb temperatures ot the air, the air will be 

both cooled and hum1dit1ed. The dry-bulb temperature ot 

the air will drop. but its wet-bulb temperature will rise. 

The increase in the wet-bulb temperature is caused by the 

taot that the latent heat gain by the air is greater in 

snount than the sensible heat that it loses. 

In this case, the condition ot the air can be repre­

sented b7 a point located on the curve AH in Figure z. 
Point A is the initial air condition, point I the final 

air condition, and point H tbe tinal water oondition. 
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If the air is to be both heated and hUIIlid~fied, the 

initial end final temperatures of the water must both be 

kept aboTe the final dry-bulb temperature or the air. On 

the other hand, it the ir is to be humidit1ec1 without 

being heated, the final temperature ot the water must tall 

to a point equal to or below the initial dry-bulb tempera­

ture ot the air. 'l'hi s can be :readily seen by referring to 

the diagram or the psychrometric chart. 

There is one important tact that applies to both 

Cases 1 and 2. When water in oonta.ot w1 th air cools, it 

surrenders heat · and moisture to the e.ir, and the final 

temperature to which the water can be cooled is higher 

than the tinal wet-bulb temperature ot the air. 

Case &. It the water temperature could be held con­

stant at a temperature lower than the initial wet-bulb 

temperature but higher than the initial and tinal dewpoint 

temperatures of the air, the oondition ot the air could be 

represented by a line AK in Figure 3. Point K representa 

the constant water temperature end point ;r the tine.l air 

condition. 

It the water temperature is not constant, s is the 

case in the air washer, but changes as the water flows 

through the spray chamber, the condition ot the air can be 

represented by a point on the curve AL. Point M on the 

http:oonta.ot
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ourTe is ~he final air oondi~ion end poin~ L the final 

water temperature. 

The temperature or the water rises in spite or the 

tact that it is h\lllliditying the air. In this case the air 

surrenders suttioient sensible heat to war.m the water and 

also to eTaporate a small part ot it. 

The oond i tion ourTe, in th1 s case , sweeps upward to 

tbe right, whereas in Cases 1 and 2 the ourTes turn 4own­

warcl and to the lett. It the initial water temperature is 

below the initial wet-bulb temperature ot the air, the 

water temperature will rise, thus bending the ourTe upward 

to the right. It the initial water temperature 1s aboTe 

the initial wet-bulb temperature ot the air, the water 

temperature will tall causing the repreaentatiTe ourTe to 

bend down to the lett. 

Beoause, in this case, the initial water temperature 

is below the initial wet-bulb temperature ot ~he air, the 

water temperature will rise and both the dry-bulb and wet­

bulb temperatures ot the air will tall. The maximum pos­

sible tinal water temperature lies below the final wet­

bulb ~emperature ot the air. 

Case '· It the water temperature could be held oon• 

stant at a temperature below the initial dewpoint tempera­

ture ot the air while 1n contact with the air, oooling and 

dehumidification ot the air would take place along a line 
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such as AO in Figure 3. Point N represents the final air 

oondition and Point 0 the oonstant water temperature. 

In the actual case, tbe water temperature will rise 

while it is in contact with the air. This is represented 

by the cune OP on tbe saturation curve in the diagram.. 

The ooncli tion ot the air will be represented by tbe curve 

AP, with point Q as the tinal condition or the air. 

In this case the water will dehumidify the air ir sut­

ricient water is provided to hold the final water tempera­

ture down to a point below the initial dewpo1nt teapera­

ture ot the air. It the final water temperature is 

allowed to rise above the initial. dewpoint temperature or 

the air, the air will be cooled, but it will be humidified 

as well. The tina! water temperature cannot rise to the 

tinal wet-bulb temperature ot the air. 

Case 5. In this case, the water is oonstantly re­

circulated witbout being heated or cooled b7 an external 

source. When the initial water temperature is the same as 

the initial wet-bulb temperature or the air, the teapera­

ture or the water will not change as it is brought in~o 

oontaot with the air. Water that is continually recircu­

lated without being heated or cooled trom an outside 

source will eoon assume the wet-bulb temperature ot the 

entering air. The water temperature will then remain con­

stant as long as the initial wet-bulb temperature is not 
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changed. ETaporation o.r moisture must take place, however, 

since the temperature or the water is above the dewpoint 

temperature or the air. In addition, since the water tem­

perature is below the dry-bulb temperature ot the air, 

there must be a drop in the dry-bulb temperature or the 

air-. 

There is no change in the to tal heat oontent ot the 

air and no change in the wet-bulb temperature in this 

oaae. Thus, the process is called adiabatic saturation. 

The latent heat required tor the eTaporation ot the water 

oan be obtained only from the aenaible heat that the air 

loses as i'ts dry-bulb temperature tall•. The air loses 

sensible heat but gains an equal aaount ot latent heat. 

The process ot adiabatic saturation can be represented 

by a straight line AS in Figure 3 because the water tem­

perature is constan't. 'l'he prooeea oan be represented on 

the line coincidi.ng w1 th the wet-bulb line on the psychro­

metric ohart sinoe there is no change in total heat con­

tent. Point B represents the tinal air oondition. 

This oase is important because the aotion is applied 

oommeroially on a large scale. Air washers utilizing this 

principle are 1n wide use tor humidification in winter. 

http:coincidi.ng
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CB.APUB III 

AIR WJSBEB CONSTRUCTION AND PERI'OBIIANCB 

COnstruction 

.Air washers (3, pp.725-729) oonsist primarily of a 

aprar ohamber wherein the air ia brought into contact with 

a dense spray of water, a tank at the bottom ot the cham­

ber where the spray water is collected, and an eliminator 

aeotion at the rear of the ohamber wbere any entrained 

moisture is removed trom the deliTered air. Heat transfer 

takes place between the air and water reault1ng in humidi­

tioation or dehumidU'ioation o~ the air, the extent de­

pending upon the oonstruotion of the washer, the particu­

lar application, and the relative temperatures or the 

spray and water. Considerable cleaning ot the air may 

also be attained, the degree depending upon the construc­

tion and application of the wasber. Air washers may also 

include suoh auxiliary apparatus as inlet air battles and 

heating and cooling ooils, and may, as a matter ot faot, 

be purchased as a complete unit including tan and water 

c1roulat1ng pump. 

The essential requirements (3, pp.725-729) in the 

operation ot OODDRon air washers are: 
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1. Unitor.m air distribution across the chamber 

eeotion. 

2. Moderate air velooity trom 250 to 650 teet per 

minute through the washer chamber. 

3. AD adequate amount ot spray water broken up into 

tine droplets throughout the air stream, at pres­

sures trom 15 to ZO psig. 

4. Suttioient length o'f traTel through the water 

spray and wetted surtaces. 

5. Elimination or entrained moisture tram the out­

let air. 

The expected performances, physical size, length, 

number ot sprays, etc. will Tary greatly depending upon 

the application. In seneral, the width and height or the 

wasber are dictated b1 the apace available. Washers ot 

nearly equal height and width are desirable trom an air 

tlow and economic standpoint although not necessary. 

When an increase in the oTerall heat transfer is re­

quired, multistage washers are used. The washers ere 

equiTalent to a n\lllber ot washers in series, end the water 

is otten pumped trom one stage to the other where condi­

tions permit. 

Intimate contact between the air and water may be 

secured by one ot the three following methods: 
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1. By breaking the water into ·rine drops. 

2. By passing the air oTer sur:taoes continually 

wetted by water. 

3,. By a oCDb1nation ot the tirst two. 

The wetted surfaces in an air washer may be ot. metal, 

scrubber plate, or tiber•gl.aas construction. The scrubber 

plate washers oontain several battle-type plates upon 

which water is sprayed troa above. The metal and tiber­

glass surfaces generally un a coarse spray ot water at 

low pressure. The water spray may be set at an angle with 

the air "tlow and may be parallel or concurrent to tbe tlow 

ot air. This type ot air washer performs not only the 

neoeaaary heat transfer tunot1ona, but also removes dust 

and dirt tram the air streams. The capillary or tiber­

glass wetted surtaoe type . air washer will be discussed 

more tully later, because 1 t is this type ot washer w1 th 

whioh the laboratory is concerned. HoweTer, since most ot 

the construction and pertormenoe ot the capillary air 

washer 1a ata1lar to that ot the ordinary air washer, the 

general air washer is discussed here, and any ditterenoea 

will be noted later. 

The spray chamber, oaaing, and tank (5, pp.221-223) 

may be made ot copper, wood, oonorete, stainless steel, 

or galvanized iron, the latter being most common. Both 

the tank and casing are water-tight, all joints and rivet 



24 

heads being soldered over. Standard tanks are about 18 

inches deep and the water level is maintained about an 

inch or two above the bottom ot the eliminator plates. 

The washers Tary 1n length trom tive to ten teet depending 

upon the design and number ot spray banks. Generally, 

about two end one-halt teet are allowed tor each spray 

bank, one and one-halt teet tor the eliminators, and one 

toot tor the inlet battles or dittusers. Ot course, a 

unit air washer would be ot extra length in order to oo.n­

tain necessary coils and other auxiliary equipaent. 

The eliminators act to remoTe a117 entrained moisture 

in the air stream end also may act as scrubbers to remove 

dirt. The cleansing action depends upon the wetted sur­

taoe exposed so the eliminators are plaoed one inoh to two 

and one-halt inohes apart to obtain as :m.uoh aurtaoe as 

possible in a 11JD.1ted spaoe. Eliminators used particu­

larlY tor air cleaning generally have tlooding nozzles 

whioh keep the plates continually wet. The el1m1nator 

plates are commonly ot the six-bend type but mq be less. 

The standard construction ia ot galvanized iron tr1 th right 

angle bends, the surtaces being at 4£5 degrees to the in­

let air stress. There are senerally booked edges at each 

ot the bends to oatoh the entrained moisture. The elim­

inators are installed vertically to insure moisture run­

ott. The plates are removable. 
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The battles or dittuae.:rs at the chamber inlet se.rve 

a dual purpose. They distribute the air. UD1tormly over 

the entire oross-aeotion ot the chamber and preTent MY 

backsplash ot the aprar water. The battle·s are ot s!Japle 

construction and plaoed farther apart than the eliminator 

plates. 

The inter1o·r p1p1QS is ge:nerallr provided by the 

manuaoturer. Standarcl practice 1s to provide galvanized 

hea~ steel pipe tor the ma1n spray header end the neces• 

sarr stendpipes. The nozzles are usual]J' made ot brass ,of· 

suitable 4esisn tor the particular washer. 

The washers are provided with a ball tloat to main­

tain the water le'Yel 1n the tau. A qu1ok-t1ll and over­

flow end drain oonneot1ons are standard washer fixtures. 

A o1roulat1ng pump suction strainer, a marine light 

inside the washer, and an observatioB window tor acoess t-o 

the nozzles end washer interior may or may not be pro­

vided. 

~he circulating pump 1 oooltng and beating ooila and 

other such equipnent must generally be purchased aside 

trom the washer UAless the ,asher is boupt aa a un1 t 

oon41tloner. 

Air washers (9, p.219) are designed to be installed 

on the auotton aide ot the tan. They should never be 1n­

stal.led on the discharge side unless speoit1oall7 built 
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tor that purpose. There will be no difficulty with water 

leaking through the joints ot a washer installed on the 

auction side ot the tan. HoweTer, if installed on the 

discharge aide,. eTen the alight air pressure developed by 

the tan might cause water leakage through the joints, in 

spite of rubber gaskets which are usually installed. 

Pertormanoe and Utilization 

There is no generally accepted method of rating air 

washer performance (~, p.2l8). Manufacturers• rating 

tables are generally reliable, but it is necessary tor 

appl1catiou engineers to know the characteristics or the 

Tarious types of equipment in order that they may select 

the proper one tor a giYen application. 

Air humidification can be accomplished with an air 

washer b7 three methods ( 3, pp. 727-''129). These are: 

1. Use of recirculated spray water without prior 

trea~ent ot the air. 

2. Heating the spray water. 

3. Preheating the air· and washing it with re­

circulated spray water. 

In any installation, the air should not enter the 

spray chamber at a dry-bulb temperature less than 35° F 

in order to eliminate the danger ot freezing the spray 

water. 
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The first two ot the e.boTe methods have been pre ... 

vtoualy discussed in prinoiple.. The third method involves 

the same process as the first but the preheating or the 

air increases the sensible heat oonl8nt ot the air, thus 

allowing a greater amount of moisture to be absorbed by 

the air. The final desired conditions ere secured by ad­

justing the 8lllount the air is preheated to gift the re­

quired wet-bulb temperature o·f the inlet air. 

In the tirst and third methods, the extent to which 

1;he tinal ~emperature of the air approaohes the wet-bulb 

temperature ot the entering air • and the extent to which 

coaplete saturation is approaohed, 1a conveniently ex• 

pressed by a ratio known as the huaiditylng or saturating 

effectiveness (3, p.727; 7, p.-'01; 2. p.'l), defined as 

.b. 
eb • humidifying etfeot1Teness, per cent. 

t1 ~ dry-bulb temperature of the entering air, 
Fahrenbeit deg;reea. 

ts • dry-bulb temperature ot the leaTing air,
Fahrenheit degrees. 

t' • wet-bulb temperature of the entering air,
Fahrenhe1 t degrees. 

The principal factors (5. pp-.218-219) afteot1ng the 

satlu'ating effectiveness al"8; 

1. Air velocity. 
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2. Quantity ot water sprayed per unit TOlume of 

air. 

3. fineness ot spray. 

•· Contact period of water with a1r. 

Pro-vided the -velocity is oorreot and the air ia uni­

formly distributed o-ver the entire cross-sectional area, 

the etteot1veneas ot a •asher w1 th a g1oven type ot spray 

nozzle is directly related to the number ot spray banks 

and the direction in whioh they apray. Values yary tor 

different t7pes of equipment, but a general comparison ot 

saturating etteotiveness with regards to spray banks and 

spray dtreotlon is given in the following table (3 1 p.727; 

s. p.219): 

Banks Direction Per oent Rtteotiveness 

1 Do1mstreem 50-70 
1 Upstres 65-75 
2 Downstream 85-90 
2 Opposing 90-95 
2 Upstream 92-97 

Adiabatic saturation or evaporative ooollng is only 

applicable to oomtort oondi tions in looali ties where the 

wet-bulb temperat~rea are low and the dry-bulb tempera­

tures are comparatively high. This is because the reault­

ing air humidity would otherwise be above that suitable 

tor oomtort. Adiabatic saturation is unsuitable tor in­

stallations where large groups ot people oonvene in a 

single enoloaure because the high internal latent heat 
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oonten.t produced by the occupants will raise the air oon­

41 tion in the enclosure above comfort standards. 

nehUDliditioation with air washers can be accompli shed 

by the prev1o~sly described process where the final water 

' temperature must be bel&w the enter~g dewpo1nt ot the atr. 

aahers w1th two or mo.,-e banks ot sprays a.,-e gene·rally 

used tor dehum1d1fy1.ng installations, whether tor indus­

trial or comfort taatallat ions. Such -washers will gener­

ally cool the a1r to w1 thin one or two de_grees of the leav­

ing spray water temperature. The d1tter-ent1al will in­

crease- somewh-at when the dttterenoe between the entering 

wet-bulb and lea'Y1ng dewpoint temperat~ is relatively 

large. 

Washers Ell'-8 generallJ not rated according to their 

humtd1fy1_ng or dehUIIl1d1ty1ng et:reot1Tenesa. There 1s one 

relationship. howeTer, whtoh is applicable and possibly 

oould be used. For dell'Ullid1t1cat1on (?' ~ p-.402), air 

washers have been compared by a ratio ot the d11'te·renoe 

betnen the leav1.ng wet-bulb end leaT1nS water tempera­

tures to the d1tt'erenoe between the entering wet-bulb and 

the uter1ng water temperatures. 'l'he following is a table 

ot the reault.s obtained; the most et:fe,ctive washer haTing 

a zero rating. ot course, because the leaving wet-bulb and 

water temperatures would be equal. 

http:leav1.ng
http:dehum1d1fy1.ng
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Spray 
banks Direction 

Dehumidir1cat1on 
effectiveness 

3 
2 
2 
1 
1 

1 down 
2 up 
1 up 

up 
down 

2 up 

1 down 

0 
5 

15 
20 
35 

Buaidif1oat1on etteot1veness oould be figvzed on the 

same basis. or oourse, the leaving water temperature 

would be higher than the wet-bulb of the leaving air. 

The action of eir washers oonoern1ng (1) cleaning 

effectiveness, (2}. odors, (3) noise, (4) resistance, and 

( 5) spray flow, may be oonaidered aa part ot their per­

romance (5, pp.218-220). 

1. Air washers a.re not entirely effeotift in the re­

moval of air 1Jilpur1t1ee. Large particles are washed out 

by the washer spray or when passing through tbe eliminator 

plates, but soot and grease particles are not easily re­

ashers Which are used tor the removal ot tine 

particles of dust,. soot, and greas.y particles genere.llJ 

must employ a detergent. 

2. Washers oanot be expected to reDlve odors from the 

air. Vapo.rs oauslng odors are not always soluble in water. 

Odor filters of cocoanut Shell carbon may be used in a 

bank ahead ot the washer. 

3. Air washers wh1ob emit spray water at high pres­

sures (20 to 30 pounds per square inch) generate noise. 
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Suitable design and location or systems must be made in 

order to prevent the noises trom reaching the controlled 

areas. 

4. Air resistance varies approxbnately as the square 

ot the velocity through a given erea. ost of the air re­

sistance encountered in ordin ry air washers is caused by 

the inlet diffusers and el1m1na1Dr plates. The resistance 

will vary with ditterent spacing and a difference 1n the 

number of deflections and angle of deflection of the air. 

At stand rd rated c paoities. usua1ly 500 feet per minute 

air velocity through the washe.r, the air friction has been 

found to vary between 0.2 and o.~ inches of water. 

Most manufacturers base their rating tables on a teoe 

velocity of 500 teet per minute face velocity through the 

air washer. Velocities above 750 feet per minute and be­

low 350 teet per minute may result in faulty elimination 

ot entrained moisture. 

5. Depending upon the design end application ot the 

air washer, the water sprayed will vary between one and 

one-halt and five gallons per minute per spray bank tor 

1000 cubic teet ot ir per minute. The fineness of the 

spray will depend upon the nozzle design and the spray 

pressure. The necessary fineness of spray will depend 

upon the washer construction. Commonly used water pres­

sures vary between 15 and 30 pounds per square inch. 
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The maintenance ot an air washer 1s an ~portent item 

it the washer 1s expected to pertorm ettectively. Manu­

facturers (5, p.223) recommend weekly cleaning ot nozzles 

and tank and interior painting once a year. The spray 

water should be checked tor corrosive properties and 

chemicals should be used to treat the water whenever neces­

•81"7· 



CBAPTEB IV 

CAPILLARY AIR WASHERS 

Oom:earison with 0 ther Air asher TfR&B 

Capillary air washers are similar in construction end 

performance to ordinary washers but employ multiple cells 

as a wetted surtaee which act as air cleaners .in addition 

to providing a large contact area tor the air to come into 

ooataot with the spray water•. 

The standard cells (5, p.225; 2, p.4) are 20 inches 

by 20 1Dohes in race area and eight or e·ight and one-halt 

inohes deep. The cells are capable ot handling 1000 to 

1100 orm air flow. Each oell is tilled with spun glass 

filaments. The cells are placed in banks, both horizon­

tally end vertically • the number depending upo-n the· capa­

o1ty ot the unit. 

The water is spraye4 over the taoe ot the cells and 

flows directly tba'ough the cells alo.ng and between the 

glass filaments. This prov.ides ( 7, p •. 40'1) a large surface 

area tor int.1mate and efficient contact between the air 

and the water. It also permits the use ot a larger spray 

drop size at lower pressure and power consumption than 

ordinary washers. 

'fhe air cleaning efficiency ot the capillary cells 

and the large size or the water particles leaving them 



per.mit the use ot elimination plates which are tewer in 

number and or a more stmple construction than the ordina­

rJ washer. 

The capillary air washer may be used in the following 

special applications because ot their particular charac­

teristics (2, p.lO): 

1. Industrial comfort ooollng. 

2. Hospital air conditioning. 

3. Motor aDd generator cooling. 

4. Diesel and gas eng1ue a1r supply. 

5. Industrial air supply. 

6. Spray boota air supplJ. 

"1. Chemical process contact surface. 

Basic patents were granted on this revolutionary 

method ot providing a large surtaoe area tor contact be­

tween air and water ln an air washer. 

The American Blower Capillary Air asher 

The American Blower CorporatiOn has several basic 

patents tor the particular type ot capillary a1r washer 

w1 th which this project was concernea.. 

The manufacturer (2, p.3) produces three classes or 
capillary air washers wh.ich are available in many ditter­

ent capacities &lld ot several ditterent materials. The 

three classes ere dertned as follows: 



35 

Glass 1 - concurrent type. 

Class 2 - oounter-ourrent type. 

Class 3 - oonourrent type with enclosed coils. 

'i'he Class 1 waslJa-rs have tbe spray noazles located at 

the enter lng side or the . capillary ·cella. .The flow ot air 

and Yater are thus concurrent. This class ot washer ts 

considered to be suitable tor all normal air eleaning, 

humtditytng and evaporative cooling .app~1cat1on. 

In Cl.ass 2 washers._ the spray nozzles ere located on 

~. e leaving side ot the oap1llary cells. The air pe.ssee 

upwerd through the cells 1n counter-curre:nt tlow to the 

desoell41ng water. 'fhe counterflow attords a higher cool­

ing ett1olency than the Class .1 w shers when using chilled 

water but the eYaporat1Ye cooling end air cleaning ett1­

o1enc1.es ere approxilnateq the se.me. One disadvantage ot 

this class or wasber 1s the high air resistance created 

by the counter-current tlow ot the air and water. A large 

amount ot s.pray would entirely cut off the air flow. 

The Class Z washer consists or a Class 1 washer with 

oooling or heating ooil.s or both between the capillary 

cells and the eliminator plate. These washers are espe­

cially suitable for well water appl1eation.s where great 

heat extraction rrom tbe air by the oold well water 1s 

possible. 

http:o1enc1.es
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The capillary cells (2, p.9) consist ot ll.8tal tremea 

with ooarse and tine wire aoreen taces housing glass 

fibers or tilamenta. The fundamental capillary cell data 

ia presented in Table 1. 

Table 1 

Capillarz Cell Data (2, P·•> 
Size (Boainal) 20 x 20 x at in. deep 
Weight - Dry and Wetted 15 lba.-23 lbs. 
Fibers per Cell - Humber 57 ,ooo 

Diameter 0.011 in. 
Leng'UJ. 9 in. 

Air Puaagea per Cell - Humber 60,000 
•tApproxlaate) Diameter - A't'erage 0.07 in. 

Length 9 in. 
Percentage fiber Volume in Cell 1.48 per cent 
Et't'eoti't'e Glasa Contact Area per Cell 12& aq. tt. 

*A•erage Air Paaaage Diameter is est1mated trOIR ~e Glasa 
and the Bomal Retained ater Volume and is g1Ten as 
Diameter ot a Circular Passage equal to the ATerage Inner­
Strand Space. 

It can be aeen troa Table 1 that the fibers are 

slightly curnd since they are loDger thaA the casing 

depth. The fibers are held in place by projecting slight­

ly through a orosa-aat ot glass fibers on each tace ot the 

cell and by a lacing ot glaaa atr1nga between the wire 

tace screens. The mat ot glass oross-tibers both assists 

in holding the tilling in place and, with the tine wire 

screen, aids in water distribution, thus pemitting the 

use ot coarse low-head sprays. 
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The oella are designed tor a maxiJRUDl air voluae ot 

1100 ctm and tor a maximum wat~r quantity ot 9 gpm per 

cell. Water carryover and cell plugging may occur it 

these maxim\llll Talues ere exceeded. 

The capillary cella can be aucceastully cleaned by 

use or a wetting agent. This is necessary wheneTer the 

cells becam.e clogged w1 th dirt. Regular monthlY or semi­

monthly cleaning is good practice. 

The spray nozzles are ot a low-head coarse spray type 

whiob giTe a solid spray ot large droplets well distrib­

uted. Each nozzle is adjustable by means ot double elbow• 

to ooTer one entire cell face. The washers ere supplied 

with two or three nozzles per cell, howev.er, eo that lt 

one DOZzle is plugged, the oell will still be C'JOv.ered. 

The efficiency ot the washer is determined by tbe 

area ot wetted glass tiber aurtaoe in tbe cell. It is not 

~teoted by ohange in water quantity as long as the glaas 

~ace is thoroughly coTered. Five gpm per cell water 

flow 1a reooJIIDleDded tor normal operating conditions so 

that the cells will receive a good wetting even with one 

nozzle plugsed. Se-v.en to nine gpa per cell may be used to 

keep the cells well :tluahed it there is much dust 1». the 

air being oondi tioned.• 

The moisture eliminators are ot a light-duty type 

because the moisture leaves the cells ln coarse streems 

http:howev.er


with little visible mist. The el1m1nators consist ot 

corrugated metal blades ot the three-surf'aoe, two-hook 

type with 45 degrees deflections and spaced two and one­

fourth inches between centers. Each blade can be removed 

independently. 

The water puap auction strainer provided witb each 

washer consists ot a cylindrical screen with openinge 

lllll&ller than the aprar nozzle orifice ao that no particles 

larger than the or1ticea will Wl through the pump to the 

nozzles and possibly plug them. The strainer oan be re­

moved troa the tank tor cleaning. The strainer is equip­

ped with an anti-cavitation hood to insure full tlow ot 

water into the auction. 

Each washer is equipped with a tloat valve tor make­

up water lost by evaporation and quiok-t111 water oonneo­

tiona tor tilling the tank initially and atter cleaning. 

A dilution connection is provided tor keeping down the 

concentration ot solids and dissolved gases wh1oh would 

otherwise accumulate in the tank and hamper the ettio1ency 

ot the washer. This connection should have a valve tor 

providing tresh city water. The valve shOuld be slightly 

cracked during operation to provide continuous dilution• 

• 
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-
'1'D LABOU.'l'ORY !1ST UNIT 

The laboratory teat untt was composed o~ an air wash­

er, a water plmlp, a tan, ana a reheat coil. the washer 

was provided with city water, both at normal temperature 

and heated. 'fhe complete unit is pictured 1n Figure 4, 

'fhe Air Washer 

'fbe laboratory air washer i .s a Unit No. 2 - 2, Class 

1, .Amer1can Blower Capillary Air asher containing tour 

oapillary cella and employing 12 spray nozzles in two 

·spray banks. The washer speo1t1cat1ona are given 1n: fable 

2, p.43. A diagram showing the waalle.r dimensions and 

location ot the component perts or the washer 1s presented 

in Figure 'T, p. 42. '!'he air washer is presented ln three 

d1t:terent views in Figures 4, 5, and 6, pp.40-4l• 

.The Water Pum;e 

'fb:e water pump used tor reoir·cuJ.at1ng the waaher tank 

water is a Bell and Gossett, l/2-hp Uft1-bu11t centrifugal 

type. It has a one and one-halt 1nch auction and a one 

and one-:touoth inch d1soharge oonneot1on.. The pump is 

rated at 30 gpm tor 11.7 pa1. 
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Figure 4. The ~aboratory Air Washer Test 
Unit 

1 - Air Washer 
2 - Water Pump
3 - .ran Housing
4 - Reheat Coil 
5 - Orifice Section 
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Figure 5. Air Washer Inlet with Two Capillary
Cells Removed Thereby Exposing the Eliminator 

Plates in the Rear of the Spray Chamber 

Figure 6. Air Washer Inlet Showing the Four 
Capillary Cells and the Spray Nozzles 
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Table 2 

asher Specifications (2, pp.9-14) 

aterials Description 

Tank 3/lu in. lded 
steel 

Length, 61 in. 
Width, 40t in. 
Depth, 18 1n. 
Outside flanges, 

1 in. 

Painted with corrosion 
resisting paint

Furnished with: 
1. Makeup 1'loat con­

troller and Y8.1Te 
2. OTertlow and drain 

connections 
3. uiok-till and di­

lution connections 

suction 
Strainer Remo't'able 
1. J'rame Gal't'anized steel 
2. Screen Bronze 

Casing 20-gage gal't'anized Gal't'anized external 
steel anglea 

Length, 61 in. Joints r1Teted and · 
idth, 40i in. soldered 

Depth, 30 in. 
Outside flange a, 

1 in. 

Cell elded steel Angles welded to casingSupports 

Capillary
Cella 
1. Casing
2. Screens 

GalTanized steel 
Hot-dipped galvan­

ized steel 

3. Fila­
menta Glasa 

Removable 
Loaded with not _leas 

than 125 square teet 
ot glass scrubbing
surface in the torm ot 
9 in. long by 0.011 
in. diameter glass
tibera oriented paral­
lel to the air stream 

Nozzles Brass Remo't'able 
Low-head coarse spray
Adjustable tor direction 

Elimin-­
ators 

24-gage galvanized
steel 

3 surteoes 
2 books 
45° angle to air flow 
2 1/4 in. spacing 
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The Fan 

The tan is en Iron Fireman centrifugal type with 

double air intake. Its capacity 1a approxt.ately 3000 ctm 

at one inch ot water pressure with a shatt speed ot 900 rpm. 

The tan was driven by a General Eleotrio 3-hp induction 

motor. 

The Reheat Coil 

The reheat coil was placed between the washer and the 

tan because the unit was constructed to be used tor future 

testa. The project was not concerned with this coil ex­

cept as to its etteot upon the washer characteristics in 

its particular location. 

ater Supply and Drainage 

City water was supplied to the unit through the 

quick-till and makeup water connections and to the spray 

header. Thus, the washer could be run w1th city water or 

with recirculated water. 

Heated water was supplied to the washer through the 

dilution connection. It was decided that dilution would 

be unnecessary during the test runs because ot the short 

and intermittent usage ot the washer. Also, in tull-tillle 

operation, the quiok-t111 connection could supply the 



necesS&rJ' dilution water. Thus, the dilution connection 

could be uaed tor other purposes in any case. 

The tank drain and oTertlow connections were piped to 

laboratory drain. 

AssemblY ot the Laboratory Test Unit 

The location ot each section ot the unit was deter­

mined by tbe spaoe &Tailable, tba desired usage, and sen­

eral design practice. The unit was aaaembled acoording ~o 

the following procedure: 

1. asher assembly. The washer was receiTed 

unaasembled. I~ was constructed in the lab­

oratory and placed on a concrete aat poured 

especially tor the ·washer. 

2. The tan. The tan was secured to the tloor 

in its proper poaition. 

3. The reheat coil. 'l'he foundation tor the re­

heat ooil waa constructed; the reheat oo11 

was aecured to 1t; and then the oombinat ion 

waa placed in position. The ooil was sup­

ported by the foundation and in position 

horizontally by the ductwork. 

•· The water pump. The pump was secured to a 

small oonorete mat which waa poured integral 

with the ma' beneath the washer. 
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!5. Piping. All the neoeasary piping to the washer 

pump and drain was completed. 

6. The duo~work. The oomponent parts ot the unit 

were oonneoted by means ot hardboard ductwork. 

'The ductwork was asaembled by nailing the hard­

board to wooden braces, end then screwing the 

end braces to the tlangea ot the d1tterent sec­

tions ot the unit. The ductwork was secured to 

the tloor at the tan with adequate distance 

lett between the ductwork and tan inlets tor 

proper air tlow. 



CHAPTER VI 

TEST APPARATUS AND PROCEDURE 

The teat apparatus consisted ot the tollowtng equip­

ment: 

Inclined Draft Gages 2 
2 

- 0 to 3 in. B~ 
- 0 to l in. H2P 

Therm.ometers 2 - 20 to 120° l 
3 - -30 to 120° F 

Pressure Gage
Eleotrical Tachometer 
Manual Regulating ValTe 
Weigh Tank and Scales 
Stop-Watch
Air Cut-ott Plate 

1 
l 
1 
1 
l 
l 

- 0 to 15 psi 
- o to 2000 rpm 

Or1t1oe Section 1 - 24 l/8 in. orifice 

The dratt gages were attached to the unit in the posi­

tions shown 1n Figure 8, p • .a. The two three-inch gages 

were placed at the rear ot the washer. The gages were oon­

neoted to pressure taps in the ductwork by means or rubber 

tubing. They were installed to read negatiTe pressure 

drops through tbe unit. 

The thermometers were calibrated in a constant tem­

perature water bath. They all indicated the same tempera­

ture as the bath. Theretore, no calibration ourYes were 

necessary. The thermometers were installed in positiona 

as ahown in figure 8, p.48. The dry•bulb thermometers 

were placed in tront ot the wet-bulb thermometers to 
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preTent tbem trom "seeing" 8DJ moisture eTaporated trom 

the wet-bulbs. The water temperature thermometer was 

placed in a themometer well containing oil to increase 

tbe rate or heat transfer through the piping to the ther­

mometer. 

The pressure gage was used to indicate the nozzle 

pressure traa whiob the nozzle tlow oould be deter.mlned. 

The pressure necessary tor a given water tlow rate was 

determined by use or the weigh tank, scales, and atop­

watch. The :regulating Talve was used to regulate the 

water tlow. 

'l'he air tlow through the unit was regulated by means 

ot a plate arranged to out ott increments or tlow at the 

ran diaoharge. 

The oritioe section, tor measurement ot air tlow. 

was construoted or hardboard w1 th a sheet alUDliDUJil oritioe 

plate tastened to the inlet. This is shown in Figure 4, 

p.40. The oritioe section was oonstruoted in the same 

manner as the rest or the ductwork. 

Teat Procedure 

Before proceeding with the actual teats on the washer, 

it was necessary to determine the size ot sharp-edged ori­

fice that could be used in order to g1ve a pressure drop 

across the or1t1oe w1 th1.n the range or the test 
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instruments and tor the desired air flow rates. The 

pressure drop across the or1tice was oaloulated tor Tar­

ious orifice diameters at seTeral different rates ot air 

tlow. The tlow formula (4:, pp.~l-~3) and table or result­

ing calculations appear in Appendix, Table l, p. 70. 

Prel~1nary tests with a 27-lnoh hardboard orifice 

indloated that the air resistance through the qateaa waa 

quite large. It was desirable to keep the air resistance 

at a a1niaUIIl and ;yet keep within the range ot the instru­

ments. It may be seen traa Figure ~. p.51, that, tor the 

desired range or pressure drop, o.o5 to 0.3 inohea or 

water, an or1t1ce diameter of approx~atel;y 24 inches 

would gin the desired range ot air tlow, 1500 to 4000 

o~. A 24 1/8-inoh or1rioe plate was constructed and used 

during the teats tor the purpose or determining the air 

flow. 

The flow or water through the nozzles was determined 

by the use ot a weigh tank, scales, and stop-watoh in con­

junction with a flow regulating valTe and pressure gage at 

the inlet to the spray header. The water waa pumped from 

the weigh tank to the nozzles by the c 1roulat1ng w ter 

pump. 'fbe t1me was recorded tor the pump to remove 200 

poun4s ot water troa the weigh tank tor a particular pres­

sure at the nozzles. Th1a waa done tor several different 

pressures by regulating the flow wi tb the YalTa whioh 
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Orifice Diameter in Inches 

ligaN 9. Air now Through Orifices ot Different 
Sizes at Various Presnre Drops 
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preceded the pressure gage. The rate ot water tlow waa 

oonTerted to gallons per minute (gpm) and the resulting 

data appears in Appendix, table 2, p.72. The dat , plot· 

ted with pressure at the nozzles as ordinate and the water 

flow as abscissa, appears in Figure 10, p. 56, in OOJapari­

aon with the manufacturer's rating ot the nozzles. 

The air reaiatanoe through the washer waa tested, the 

resulting data being tabulated in Appendix, Table 3, p.73. 

The data is presented in Figure 11, p.58, with total 

washer resistance, eltminator resistance, and cell resist­

ance as ordinates Tersus the air flow through the washer 

aa abs~issa. The data is also compared with the manufac­

turer's ratings or res1st·ance .• 

During the ~irst resistance tests, the tank was ain­

tained full or water and the sprays were not operated .. 

All instruments were oheoked at a zero reading before each 

test was started. The tan was turned on and readings were 

taken trom all instruments tor different rates or air 

tlow. The air cut-ott plate was used to vary the air tlow 

by reducing the area ot the tan discharge. Teats were run 

with the washer complete, without the eliminators, without 

the oell8, and without both the eltminators and the oella. 

The waaher · reaistanoe was the difference between the 

readings or statio pressure at the inlet an4 outlet ot the 

washer. The resistance or the waSher without the 



53 

eltm1natora and cella was negligible. 

The air t~ow was deterained tram the formula in 

Appendix, Table 1, p.70. 

Additional resistance teats were run 1n the same man­

ner as the first but wt th d1tterent quantities ot spray 

water. 'fhia data is presented in Appendix, Table 3, p. 73. 

It was not necessary to plot this data because aD:f resist­

ance inoreaae caused by the spray water was negligible. 

The saturating etteot1veneaa ot the washer waa tested 

with rune s1m1lar to tl:lose tor the washer resistance testa 

with Yariable spray tlow. The spray water was allowed to 

circulate until 1t was essentially the same as the enter­

ing wet-bulb temperature. Then simultaneous readings were 

taken tram all instruaenta tor given quantities ot air and 

water t'low, This was done tor several ditterent water 

quantities and tour ditterent air r-ates. Suttioient time 

was allowed, atter each setting ot air and water tlow, tor 

the instruments to reach an equilibrium position. 

The saturating etteotiveness was calculated by the 

formula on p. 27 and the air tlow b7 the formula trom 

Appendix, Table 1, p.7o. 

The data was tabulated as shown in. Appendix, ~able 4, 

p.75. Saturating etteotiveneas tor a given water tlow at 

a particular air rate was plotted as shown in :figure 12, 

p.60. 



Bot water was allowed to recirculate through the 

"asher in order that tinal air oondi tiona at varied water 

temperatures could be 1nvest.1gated. The same was done 

with cold water. The tests were run in the same manner as 

the saturating effectiveness tests except that readings 

were taken tor one rate ot air tlow at one spray water 

tlow as the temperature ot the water decreased in the case 

ot the hot water and increased in the case ot the cold · 

water. The resulting data is tabulated in Appendix, Table 

5, p.76, and was plotted as sbown 1n Figure 13, p.62. 

All hUIIlidity determinations trom the wet•bulb and 

dry-bulb temperatures were obtained trom the psychrometric 

chart referred to on p.5.o The barometer readings during 

the teats were so close to the standard that the variation 

was considered negligible. Therefore, there were no cor­

rections tor deviations ot pressure. 
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CHAPTER VII 

DISCUSSION OP RESULTS 

The quantity of air "flowing through the air washer at 

a particular instant was determined from the flow formula 

appearing 1n Appendix, Table 1, p.70. The air flow ranged 

:trom 1500 to 4000 o1"m, being limited to the lotrer Talue 

beoause ot inaccuracy in reading ot the test draft gage 

pressure drops at low rates ot flow. The air flow of 4000 

otm as the upper ltmit was determined by the air resist­

ance preceding the tan. The tan developed a capacity of 

3000 ctm at one inch of water pressure. The total resist­

ance preceding the tan was slightly leas than this, giving 

a maximum capacity slightly greater than 3000 otm. 

The characteristic curve of the tlow from the 12 

spray nozzles is shown in Figure 10., p.56. The curve 

illustrates agreement with the manutactu.rer•a specifica­

tions. The spray water tlow tor all the tests was deter• 

mined from this ourTe, the nozzle pressure having been 

recorded during the test runs. 

It is apparent trom the spray nozzle flow curve th t 

the o1roulating water pump capacity was not great enough 

to reach the 36 gpm maximum rlow at which the manufacturer 

rates the washer. The maximum a-railable pressure at the 

spray nozzles was 6 •. 5 psi giving a tlow of 26.5 gpm. It 
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was noted, however, that the capillary cells appeared sut­

t1oientl.y covered w1 th the spray at two psi or 15 gpm. 

Thus • the PllDlP oapaci ty was sutf'ioien. t tor test purposes. 

The maxillum city water pre.ssure available at the noz­

zles was only :>. 5 psi o~ 20 gpm because of the pressure 

drop in the water line. 1}lb.1s oapaoity was suft1cient to 

wet the c-ells 'but was not great enough for dete:n:nin1ng the 

ettect ot var table water flow at oape.c1ties above the 

minimUJD cell coverage. Therefore • the c1 ty water was 

first supplied to the wasller tank and then circulated by 

the water pump. 

The air resistance thr.ough th& completely assembled 

washer, the eliminator plates, and the capillary cells, as 

well as any increase in resistance oaused by the spray 

water, was ot interest.. These reAistances, at several 

dittere.nt rates ot air flow, are presented in Figure 11, 

p.58. 

It is apparent trom Figure 11 that the eliminators 

cause approximately two-thirds of the air resistance 

through the air washer, the remaining one-third being 

chargeable to the capillary cells.. The washer resistance 

without the eltm1nators and mats was negligible by test. 

The water spray caused no addi t1onal increase 1n the 

air resistance through the washer as seen in AppendiX, 
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~fable Z • p.?3. Th1a • s towut to be true tor spray water 

tlo• nte.a \lp to the maxiDNm a•allable in the laboratory. 

fte air :res1atanoe ot the complete waue~ 1a seec to 

be 0.5 1nohea ot we~er pressure at 3000 otm as oompare4 to 

the muuteoturer•a ret1q ot epproximatel.y o.a 1nohee ot 

• ter pressure· e' the same air- r te. T 1a result is cUa­

turbiq and. auet be ·thoroughly 1nveet1gate4 oauae the 

oomplete lab-or torr unit was de•1pe4 from the m Dtltao­

turer• a 1nro~ tioa on ratings. An attempt ut be made 

to 4ecreaae th washer res1stanoe. ma1nl:J caused b7 'the 

•lta"luatol"• .. p:re?1ous}7 statect. or a taa ot greate·r 

oapaoity must be proY1de4. It la possible to speed up the 

exiat1ns tan to obtain peater alr flow. 

Appendix, Table 4, p.'15, aho•• that the spray water 

teaperature beoame easeat1all1 !b• se as the lnle t elr 

wet-bulb temper ture when it ns allo ed to o1roulete 

w1 tliout heatiag or cooling ho ,an external source. Thus,. _ 

the prooe•s was one o"t aaialuatto aatur tion as pr-eY1ousl.y 

4eecribed ( p.9) • 

The reaul t1ng data trom the adiabatlo saturntlon 

teats ere tllust.reted 1n Figure 12. p. 60. It 1a apparent 

tbat tbe· saturating e.f'teot1veness ot the air washer 1s 1n­

veraselr proportional to the ir 1'low ana 1ncreas e wt th an 

tnore se ln tbe spray water rate up to 36 gpm. 
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The saturating effectiveness begins to level ott at 

about 15 gpm water flow which was the observed tlow tor 

complete coverage ot the capillary cella with the water. 

It is, theretore, essential that the cells be thoroughly 

oonred, it high ettectlveneas is to be attained. 

It can be seen trom Figure 12 that the saturating 

eftect1veness ranges from 90 to 95 per oent between 1500 

and 3500 c:tm air flow over the range ot 15 to 26 gpa water 

tlow. Thus, it appears feasible that the ettect1venees 

would possibly approach the manufacturer's rating it the 

spray water flow was inoreaaed to 36 gpm. 

The deviation ot the points trom the curves of Figure 

12 were caused by inaccurate readings of the thermometers. 

The ther.aometers tor indicating the wet-bulb teaperatures 

were calibrated in one-halt degree incrementa, and the re­

maining thermometers in one degree increments. The read­

ings were estimated to tbe tenth of a degree because of 

the aaall ditterenoes in temperature between the inlet and 

leaving conditions.. Therefore, errors were encountered. 

The test results obtained with variable spray water 

temperatures at constant air tlow and spray water rate are 

presented in !'1gure 13, p.62. 

The air flow was held constant at approximately 3500 

ctm and the water flow was held at 25.5 gpm. These rates 
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were approximately the maxim.um. capacities ot the unit as 

teated. 

Figure 13 shows that the tinal· relative humidity in­

creases aUghtl.y at high temperatures to 100 per cent trom 

95 per oen\ over tlle remainder or the range. covered &y the 

teats. Th1a could possibly be slightly' improved by in­

creasing the water tlow and/or decreasing the air tlow. 

The ourTea sb.owing molstu.re content indicate that· 

high hum1d1t1oat1on ot air is -possible in tbe \f&sber but 

actual deha1d1tioe.t1on wottld be alight without aotu.e.lly 

applying refrigeration to co.ol the .spray water. Obv1ousl:f, 

the ·spray water temperature oan never be lower than 32° F 

tor th• water would then be frozen. No dehum14if ioation 

ooourre4 in the ~-·~ runs be¢ause water ot low enough tem­

perature was not ava1la'ble. .b increased amount of eold 

spray water would haTe :reduced the moisture content some­

what. Reducing the air tlow would han ha4 the same 

etteot. 

Higher haid1tioat1on end eYen heating or the air 

would have been aocompltshed by increasing ~he quantity 

o't heated spray water and/or decreasing tl:t:e air tlow. 

The noticeable increases in the moisture content and 

relative hum141 ty ot the en ter1ne; e.1r 'W1 th an inoreaae in 

water temperature 1utre caused by changes in the wet-bul'b 

http:molstu.re
http:maxim.um
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temperature of the entering air. These changes were caused 

backapleah .of the spray water into the region ot the wet­

bulb the~ometer, by recirculation or the discharged air, 

and by ste in tbe air escaping tram other laboratory 

machinery. The aituation oould not be alleviated without 

extenaiYe altering ot tbe teat unit. Equipment tor con­

trolling the air entering the air · weaher will provide a 

meana ot obtaining more accurate and extensive reaulta. 



CHAPTER VIII 

CONCLUSIONS AND HECOIOIENDATIONS 

The teat reaults on the capillary air washer thua ta:r 

seem to justify the following oonolus ions: 

1. The capillary air waaher is more etticient than 

the ordinary air washer ot oooaparable size. The saturat­

ing ettectiveneaa in adiabatic saturation and 1be final 

relative humidity obtainable tbrou~out the washer's ranse 

ot operation are higher than the ordinary air washer ot 

comparable size and same number ot sprSJ banks because ot 

the greater contact or the air with the water in the cap­

illary cella.· 

2. The air resistance through the washer ia caused 

mainly by the eliminator plates. The elilllinator plate• 

could possibly be spaced farther apart, have only two air 

bends, and only one hook. This would out down the air 

resistance considerably. It might even be feasible to 

leave the eliminator plates out entire!y. The emount ot 

entrained moisture in the air 1a negligible because the 

droplets ot spray rate talllng trca the cell are large. 

3. There is considerable backsplash ot spray water 

at the washer inlet when operating with high rates ot 

water flow. It would be advisable to battle this 
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mo1a~ure. The battles could also serve to e~nly distrib­

ute the air entering the washer. 

<&. The washer oould be run on an on-ott basis because 

the capillary cells remain wet tor a considerable length 

ot time etter the spray water baa been shut ott. 

5. Obsenation windows at the front and rear ot the 

washer and a marine light are desirable accessories tor a 

laboratory test washer. It is desirable to see the spray 

action both as it enters and leaves the washer. 

6. In further investigations, it would be desirable 

to be able to read the ther-mometers more accurately than 

was done tor this pl"'ject. Thermometers calibrated to 

tenths ot a degree would be good. 

7. A large pulley should be 1nstal1ed Oil the tan 

DlOtor tor tuture tests. The tan must have en increased 

capacity in order to overooa. tbe increased resistance to 

be encountered when 84dit1onal teat equi).Jilent and ductwork 

are 1Dstalled. A variable speed pulley could be uaed to 

give a range ot suitable capacities tor ditterent teats. 

a. The spray flow should be increased in order to de­

termine the capacity ot the capillary cells. A capacit;y 

could be reached when the cells would become clogged and 

water carryover would occur. 

9. Washer maintenance is important. Frequent clean­

ing and occasional repainting ot the tank is necessary. 
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The complete laboratory test unit will oontatn all 

the equipment whioh is needed t~ simulate any possible 

1nle~ air condition and the equipment neeessary to modify 

that air to any ¢esired .t'tnal. eond1t1on. It will be nec­

essary to completely investigate all aspects ot the air 

washer in order to detel'mine tbe necessary equ1paent tha\ 

will be needed and the oapao1ty ot suoh equipment~ 

The following are projects Which will need to be con­

templated betore the laboratory unt t oan be col)sidered 

complete: 

1. !'he 1n"Yesttgat1on ot various type·• and combina­

tions ot eliminator plates to see 1t the washer resistance 

can be decreased.. 

2. Washer :reaction to Yar1ed inlet air cond1t1ona 1n 

order to note the action ot the washer under all possible 

conditiona. 

~. Investigation of possible on-oft operation as an 

econoay measure. 

4. 'l'he e.tr cleaning ettiotenoy ot the air washer tor 

use in tndustrial dust elimination and tor human oomtort. 

5. ·'f"he possible tJPes ot oontrols that could be used 

and would be necessary tor the operation ot the unl t and 

the desirable locations ot suoh oontrola. 
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Table 1 

Air Flow and Or1tioe Calculations 

:rormulae smbols Units Detini tiona 

Q, • CA.V Q. ttZ/m1n Air tlow 
c 0.6 Coettioient ot 

disoharge 
A tt2 Area 
v tt/min Velocity 

A TTc£ 
~ 

tt Orifice diameter·-----r 
V • 6ol¥ 8 32.2 tt/seo2 Aooelera t1on ot 

gravity
h tt ot H~ Pressure head 

A/: T.j 
11•3 . 11~ AP0 ln. ot H~ Pressure drop

through oritioe 
Ta ao Absolute tempera­

ture 
pb in. Bg Barometric 

pressure 

Resulting equations by substitution and stmpl1tioat1on: 

Q, • ~50 ~2~A~Ta 

~ • 1820 ~ tor 2j 1/8 in. orifice 

- [_JLJZ~to- 1oo?' tor air at standard conditions 
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Table 1 (Cont.) 

Air Flow and Orifice Calculations 

p .

" do v 
otm in. tpm in. B~ 

16 1800 0.202 
18 1415 0.125 

1500 20 1140 0.082 
22 ~50 0.056 
24 795 0.039 

18 1890 0.225 
20 1520 0.149 

2000 22 1270 0.100 
24 1060 0.07 
26 900 0.05 

20 2280 0.325 
22 1900 0.225 

3000 24 1590 0.158 
26 1350 0.114 
28 1175 0.086 

22 2530 0.400 
4000 24 2120 0.282 

26 1800 0~202 
28 1560 0.153 
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Table 2 

Spray Nozzle llow 

1. Manufacturer's Rating (2, p.5) 

Pressure required
llow at no~zlea 
IPS p•1 

24 4.77 
28 6.9~ 
32 8.29 
36 10.00 

2. Teat Data - At 50° l Water Temperature 

Preuure requ1re4
Flow at nozzles 
~ psi 

10.1 1.0 
13.0 1.5 
14.9 2.0 
17.0 2.5 
18.1 3.0 
19.8 3.5 
23.5 5.0 
25.5 6.0 
26.5 6.5 
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Table 3 

Reaiatanoe 'l'eata 

1. Jlanutaoturer' s Bating 

asher Reaistanoe 
Air Flow 12 gpa 36 gpa 

otm in. Rao in. H20 

0 0 0 
1000 0.021 0.025 
1500 0.046 0.052 
2000 0.083 0.093 
2500 0.129 0.145 
3000 0.18'1 0.21 
3500 0.254 0.286 
4000 0.331 0.3'12 
4400 0.40 0.45 

2. Test Data - Using 24 1/8 in. Oritioe 

Air Flow Wuher Resistance 
ot'Ja in. R!O 

Complete Washer 
0 0 

1100 0.058· 
1?00 0.15 
2260 0.285 
2950 0.4'73 
3500 0.655 

Eliminators only 
0 0 

1320 o·.o6s 
1'700 0.105 
2290 0.19 
2950 o .•329 
34.00 0.44'1 
3'720 0.501 

.lfa'ts only 
0 0 

1270 0.034 
1965 0.083 
2710 0.13 
3300 0.1'18 
3530 0.193 
3900 0.222 

Without Eliminators and Mats 
Negl.ig1ble resistance 
oTer air tlow range 
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Table 3 (Cont.) 

Air llow Washer Resistance 
ctm 1n. H;P 

Complete Washer Over Entire Spray Flow Range 
3460 0.6-ll 
2650 0.401 
1910 0.220 
1670 0.168 
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'l'able 4 

Saturatins Etteotivenesa Teats 

1. Manutaoturer•s Bating (2 1 p.7) 

Etteotiveneas is inTerse].y propor'\ional to air tlow. 

Sat. Ett. 
Air Flow at 36 gpin 

ora Per oent 

2400 99.4 
3200 98 .• 6 
4000 97~8 
4400 99~4 

2. Test Data ~ Using 24 1/8 in. Or1tioe, Pb • 29.79 in. Bg 

Temperatures
Wet­

- f>egreea t 
Final Sat. 

Dry-
bulb 

bulb 
Initial 

Dry-
bulb 

relative 
humiditY' 

Air 
t1ow 

ett. 
Per 

Water 
tlow 

Initial and tinal Final Water Per oent otm oent ma 

78.1 64.4 '11.0 65.0 '11 3460 51.8 6 
78.2 64.4 70..2 65.5 '14 2680 58.0 
'18.3 64.4 70.0 65.5 76 1910 59.8 
78.2 
78.1 

64.4 
64.2 

69.5 
68.0 

6.5.5 
&5.6 

78 
82 

1670 
346b 

63.0 
'12.5 0.! 

'17.9 64.1 67.5 64.9 85 2620 75.5 
7'1.9 64.4 6'1.4 65.0 8'1 1970 '17.5 
78.0 64.3 67.2 65.0 88 1670 78.8 
77.9 64.3 66.6 64.9 90 3460 es.o 12.5 
7'1.8 69.2 66.1 64.9 91 2650 86.0 
77.5 64.3 65.9 64.9 93 1910 87.5 
77.2 
77.7 

64.4 
64.2 

65.6 
65.5 

64.9 
64.8 

95 
94 

1540 
3420 

89.'1 
90.3 15 

78.0 69.0 65.1 64.8 95 2590 92.0 
7'1.5 64.4 65.2 64.8 96 1970 93.8 
77.6
79.1 

64.4 
65.! 

65.2 
66.2 

64.8 
65.5 

96 
95 

1670 
3386 

93.8 
93.5 Is 

78.9 65.3 66.0 65.5 96 2660 95.0 
78.8 65.4 66.0 65.5 96 1910 95.5 
78.6 
77. 0 . 

65.9 
61.6 

66.0 
61.9 

65.5 
61.0 

96 
96 

1540 
3460 

95.5 
95.0 26 

76.6 61.0 61.8 61.0 96 2660 95.5 
76.6 61.0 61.8 61.0 96 1950 95.5 
76.6 61.0 61.8 61.0 96 1640 95.5 



76 

Table 5 

Variable Spray ater Temperature Tests 

Test Data - 6 psi or 25.5 gpm at 3500 otm, Pb • 29.70 in. Bg 

oisture 
Temperatures - Degrees F Belat1Te content 
Initial l'inal bumidit7 Grains per

Wet- Dr7- et- Dry- Per oent lb dey air 
bulb bulb bulb bulb Water Initial Final. Initial Final 

Heated Spra7 Water 

68.0 '18.0 78.0 78.0 90.0 60 100 86 146 
6'1.'1 78.0 76.5 76.5 87.5 59 100 85 138 
6'1.0 78.0 '15.0 75... 0 85.0 5'1 100 82 132 
6'1.0 78.0 74.0 '14.1 82.5 57 99 82 12'1 
66.1 78.5 '12.5 73.0 8o.o 53 98 '1'1 120 
65.0 '18.5 71.0 71.5 '1'1.5 49 9'1 ?1 11-'.,64.4 '18.'1 69.0 69.5 '15.0 9'1 68 106 
64.0 '18-.'1 68.0 68.7 72.5 •s 96 65 102 
63.8 79.0 66.8 67.5 70.0 44 95 64 97 
64.0 '19.1 65.5 66.3 67.5 44 95 65 93 
63-.0 '18.9 63.4 64.2 64.0 42 95 60 86 
62.6 '18.1 62.6 63.3 63.0 40 95 60 83 

Cooled Spra7 Water 

58.5 71.1 M.l 55.0 50.0 47 95 53 61 
58.9 '11.3 55.0 55.7 51.0 48 95 53 63 
58.9 71.0 55.2 56.0 52.0 48 95 54 64 
58.'1 70.9 55.6 56.5 53.0 48 95 54 64 
58.9 71.0 56.2 57.0 54.0 48 95 54 66 
t58.9 71.1 56.7 57.5 55.0 48 95 54 6'1 
~.9 71.1 5'1.3 58.1 56.0 48 95 54 68 
59.0 '11.3 5'1.8 58.6 57.0 48 95 55 '10 
59.0 71.1 58.3 59.0 58.0 48 95 55 '12 
59.5 '12.0 59.5 60.0 59.0 48 95 56 75 
59.8 71.4 59.6 60.2 59.6 51 95 58 '15 




