
AIT ABSTRACT OF THE TI-OESIS OF 

- Robert G. Glass for the in 
Mech Engineering 

(Name) (Degree) - (I'Iajor) - - - 

Date Thesis presented a_11, 1949 

Title CHRÂOTRISTIOS OP Ai ADSORPTION-TYPE DEHUMIDIPIR 

Abstract Approved 
- (Najor Prfeskr) - - - 

The purpose of this investigation vas to obtain the per- 
formance characteristics o± an adsorption-type dehumidifier 
obtained by Oregon State College from var surplus. Tnis de- 
humidifier had been in service at a reserve fleet anchorage 
vhere lt as used. to maintain low humidity, ithin decommissioned 
ships, for rust prevention. 

Performance data for this particular dekiumidifier were desired 
in order to have available such information upon which to base the 
design of a controlled-humidity test cabinet or room, for which 
this dehumidifier would be used. to supply the low-humidity air. 

This dehumidifier removes moisture from the air by the 
chemical dehumidification process of adsorption. The adsorbent 
used in the dehumidifier is silica gel. Humid air is dran 
through the silica gel bed and discharged to the conditioned air 
space by means of a blower Incorporated in the dehumidifier 
machine. The machine is rated at 100 cfm of dehumidified air and 
employs a 7 kw electric heater for reactivation of the silica gel. 

In this investigation, the dehumidifïer was tested under 
controlled conditions of inlet air temperature and moisture 
content to determine the temperature and moisture content of the 
dehumidified air leaving the machine for various inlet air 
conditions. The desired inlet air conditions vere obtained by 
taking the air from the dry air outlet of a second dehumidifier, 
or supply machine, conditionhzig this air to the desired test 
machine inlet temperature and moisture content, then introducing 
the conditioned air into the test machine humid air inlet. The 
desired inlet air temperature was obtained by use of a heat 
exchanger, and the desired moisture content obtained by adding 
steam to the dry air from the supply machine. 

Data were obtained for performance curves, on which outlet 
air conditions of temperature and. humidity were plotted against 
inlet air humidity for various inlet air temperatures. On these 
curves, outlet air conditions are shown for a range of inlet air 
conditions, from 60 to 95 P inlet air dry-bulb tenroeraturo, id 
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range of inlet air moisture content from 20 to 80 per cent rela- 
tive humidity corre8ponding to each inlet dry-bulb temperature. 

In addition to the performance data obtained, it was found 
that; (1) some means for cooling of the air leaving the de- 
humidifier ouid be necessary if high temperatures in the test 
room ere undesirable; () it is possible to obtain relative 
humidities as lov as 2 per cent at loo P with this dehumidifier; 
(3) there are many variable factors to be considered hich affect 
the performance and operating characteristics of the dehumidifier. 
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CHARACTERIST IC S OF AN ADSORPT ION-TYPE DEfflThUDIFIER 

I. INTRODUCTION 

At the end of World War I, the United States Navy 

laid up hundreds of ships in a reserve or standby fleet. 

Now, after the close of World War II, the same practice 

is being followed, but on a larger scale. 

One of the greatest difficulties to be overcome in 

such an undertaking is the prevention of rust. Protection 

of all machinery within the shipts hull, as well as that 

exposed to the weather, is necessary. 

The method of rust prevention employed after World 

War I was to cover all machinery with a thick coating of 

rust preventative. This prevented the rust but it was 

found that it took six months or more to put back in 

commission the ships thus preserved. 

A method now employed to protect the machinery within 

the ship is to seal the hull and dehumidify the air within 

the entire ship. 

Tests made by the Davison Chemical Corporation 

(3, p 21_2)l have shown that protection from rusting is 

obtained when the relative humidity of the air inside the 

1Numbers in parentheses indicate reference listed in 
bibliography. 
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vessels Is reduced to 30 per cent. This Is enough to pre- 

vent rust, but still moist enough to keep pipe and 

machinery gaskets from drying out excessively. Automatic 

controls aboard the vessel start and stop the dehumidifying 

apparatus to maintain the air within the ship at 30 per 

cent relative humidity. 

Deck installations such as gun turrets are covered 

with aluminum domes and sealed. The humidity in these 

spaces is then controlled through the ship's air condition- 

Ing system. 

The equipment employed to dehumidify the air for rust 

prevention is of the chemical drying type. The humid air 

is forced through a bed of silica gel which removes the 

moisture In the air by adsorption. 

Purpose of this InvestIgtion. The purpose of this 

investigation was to test one of these dehumidiflers, 

obtained by Oregon State College from War Surplus, and 

determine its performance characteristics. This was done 

so that actual performance data for this particular 

machine would be available upon which to base the design 

of a test cabinet or room where It Is desired to maintain 

a constant humidity. 

Purpose of Drying Gases. There are many purposes for 

drying gases. The removal of water vapor from air Is the 

most common application. 



Dehumidification of high humidity air is desired for 
comfort in the air conditioning of living quarters, public 
buildings, and theaters. A few of the important industrial 
applications are: (3, p 1-3) 

(1) Controlled humidity may be necessary in the 
manufacture of textiles, paper, cellophane, chemicals, 
pharmaceuticals, tobacco, and some food products. It is 
especially important in. packaging and storing b.ygroscopic 
products such as candies, baked goods, and hygroscopic 
chenil cals. 

(2) Humidity control Is necessary in the cargoes of 
ships, in storage vaults, decommissioned vessels, and some 

shipments in trains and trucks. Moisture Is condensed in 
such compartments from the air brought In from the outside 
and from the evaporation of water from the goods in the 
compartment and may cause tainting, mildew, corrosion, and 

spontaneous heating. War munitions and explosives are 
examples of storage which must be kept dry. 

(3) In some cases, the air surrounding electrical 
equipment must be kept dry. Examples are the instrument 
compartments of submarines, automatic telephone exchange 

equipment, and atom smashing machines where high voltages 
must be maintained without electrostatic discharge. 

(4) It is often necessary to dry the air used in 
many chemical, combustion, and metallurgical processes 
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such as blast furnaces, foundry cupolas, and annealing 

furnaces. 

(5) Gases such as chlorine, refrigerant vapors, and 

CO2 for dry ice should be dried. All industrial gases to 

be transported long distances should be dried to prevent 

condensation and corrosion. All gases to be liquefied, as 

well as those to be compressed for storage, should be 

dried. 

It may be desired to separate and recover the vapors 

from various carrier gases. This is known as vapor 

recovery (6, p 326-?). Some industrial applications are: 

the extraction of gasoline from natural gas, of alcohol 

from fermentation gas, of benzol from coke oven gas, and 

the recovery of commercial solvents evaporated during dry 

cleaning, and during the drying of coated fabrics or paper. 

Many substances, particularly some of the commercial sol- 

vents, are highly inflammable, and the vapors can form an 

explosive mixture with air, so it is necessary to remove 

these vapors to minimize fire and explosion hazards. 

Methods of Drying Gases. The general processes used 

to dry gases are: (3, p 3-4) 

(1) Cooling below the dew point by the use of 

surfa'e condensers, 

(2) Cooling below the dew point with cold water 

spra , 
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(3) Compression of the gas to a point where the 

partial pressure of the vapor exceeds its saturation 

pressure, 

(4) Combined compression and cooling, 

(5) Absorption in spray chambers using organic 

liquids such as glycerin or aqueous solutions of salts 

such as lithium chloride, 

(6) Absorption in packed columns using a counter- 

current flow of sulfuric acid, phosphoric acid, or organic 

liquids, 

(7) Adsorption of water vapor in solid desiccants, 

such as silica gel. 

Chemical Dehumidification. There are four general 

groups or classifications of dehydrating chemicals: 

(3, p 5) 

(1) Solid adsorbents which remove vapors by the 

phenomena of surface adsorption and capillary condensation. 

Silica gel is the best example of this group, and it is 

the most widely used desiccant. 

(2) SolId absorbents which remove vapors by chemical 

reaction, such as Drierite and lime. Drierite is a trade 

name for porous, anhydrous calcIum sulphate. This is 

prepared from gypsum, CaSO42H20. 

(3) Deliquescent absorbents. These are solid 

reagents which remove water vapor by chemical reaction and 



dissolution. The solid goes into solution during the 

absorption process. Calcium chloride Is an example. 

(4) Liquid absorbents which remove moisture by 

absorption. Lithium chloride is a desiccant of this type. 

The moisture goes Into solution with the lithium chloride. 

The dehumidifier tested in this Investigation was a 

chemical dehumidifier of the adsorption-type. Silica gel 

is the adsorbent. 

In this drying process (8, p 79-80) the air is drawn 

through a bed of silica gel which removes the water vapor 

by adsorption. The dry-bulb temperature of the air rises 

during its passage through any chemical dehydrator. The 

latent beat from the condensation of the water vapor upon 

adsorption is converted Into sensible heat which is 

carried off by the air. In the theoretical case the air 

moving through the gel bed would carry off all the heat 

of condensation of the moisture in the air being dried. 

This would then be a constant heat, or adiabatic process. 

In this process, the final wet-bulb temperature of the air 

leaving the dehumidifier would be equal to the wet-bulb 

temperature of the entering air. This is represented on 

the psychrometric chart by a straight line which coincides 

with the line representing the wet-bulb temperature of the 

air. The length of the line would be determined by the 

initial and final dry-bulb temperatures. The final 
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dry-bulb temperature is dependent upon the amount of water 

vapor adsorbed. 

In the actual case the process is not adiabatic. The 

variation from the adiabatic process depends upon the 

characteristics of the dehumidifier. 

In chemical driers, some means must be provided to 

dry or reactivate the dehydrating chemical. After some 

time, depending upon the conditions of operation, the 

drying agent becomes saturated and will cease to take on 

moisture. The moisture held by the dehydrating chemical 

is driven off by heating. When silica gel is used a hot 

stream of air or gas is blown through the gel bed. When 

lithium chloride Is used, the heating evaporates the water 

from the solution. 

Adsorption. Adsorption and absorption are two 

distinct phenomena. Adsorption is a particular type of 

sorption in which the vapor is held by the surface of a 

solid desiccant without chemical reaction (6, p 13-14) and 

without any mixture between the molecules of the solid 

and those of the vapor. The vapor penetrates into the 

pores of the solid, but does not actually mix with It or 

form a solution. On the other herid, absorption Is a case 

where the vapor does not remain on the surfaces of the 

desiccant, but passes Into and mixes with it. In the case 

of absorption, the state of the absorbent may change; If It 
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were initially a solid it may become a liquid and if the 

absorbent were initially a liquid Its concentration 

decreases due to Its forming a solution with the absorbed 

vapor. 

The amount and the rate at which an adsorbent such as 

silica gel will adsorb a vapor Is dependent upon several 

factors. The following quotation from the Industrial 

Chemical Calculations will bear this out: (5, p 364-5) 

"When a gas Is brought Into contact with an 
adsorbent surface, adsorption will take place 
until the rate at which gas molecules strike 
unoccupied active spaces and are adsorbed Is 
equaled by the rate of evaporation of adsorbed 
mOlecules. No further change will take place 
in the concentration of the gas in either the 
adsorbed or gaseous phase, and a condition of 
dynamic equilibrium will exist. 

"The amount of gas which Is adsorbed to 
produce equilibrium conditions is a function of 
the partial pressure of the gas and the tempera- 
ture, since these factors determine the rate at 
which molecules strike the surface and the rate of 
evaporation of adsorbed molecules. Increase In 
pressure of the gas will result in greater adsorp- 
tlon. The capacity of silica gel for adsorption 
is rapidly reduced as its temperature is increased. 
The rate of adsorption increases with an increase 
In flow of the air, or gas carrying the vapors over 
the adsorbent surfaces," 

The variable factors then In the drying of air by 

adsorption are adsorbent temperature, air pressure, 

condensed moisture content of the adsorbent, moisture 

content of the air being dried, the rate at which the moist 

aIr is brought in contact with the adsorbent, and the 

temperature of the air. 



If the gas to be dried is forced or blown through a 

desiccant bed, the term Dynamic adsorption applies. If 

the adsorbent Is statically exposed to the gas to be 

dried, the term Static adsorption applies. 

A laboratory desiccator dries air by static adsorp- 

tion, while the dehumidifier machines used to dry the air 

in large spaces are of the dynamic adsorption type. 

Silica Gel. Silica gel is essentially silicon 

dioxide (3, p l'7-22). In the pure state it is chemically 

inert to the action of nearly all vapors and liquids. It 

is prepared under controlled conditions from the reaction 

of sodium silicate and sulfuric acid. The product of this 

reaction is then washed free of acid and sodium sulfate. 

This washed hydrogel is then dried. 

It Is a hard, glassy material and resembles quartz 

sand in appearance. The secret of its high adsorptive 

power lies In Its extreme capillarity. These capillary 

pores have an average diameter of 4 x lO cm. 

The drying ability of silica gel was previously 

recognized but It first received considerable attention 

during World War I when Walter A. Patrick of Johns Hopkins 

University was looking for a suitable material for use in 

gas masks. 

Silica gel has a specific heat of 0.2, a weight of 40 

to 45 lb per ou foot and when coiercially dry It contains 
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about 5 per cent moisture. It is capable of adsorbing 

water to about 30 per cent of its own weight at a tempera- 

ture of 77 F and a relative humidity of 50 per cent 

(3, p 11). 

The amount of heat required to reactivate silica gel 

in the usual industrial installation, where water is 

removed from air at atmospheric pressure, is 2 to 2.5 Btu 

in the activating air for each Btu of latent heat 

theoretically required. To remove one pound of water from 

the silica gel, 2000 to 2500 Btu must be supplied in the 

activating air where the theoretical heat required in this 

case would be approximately 1000 Btu. 

Silica gel can be reactivated au unlimited number of 

times without erosion or the loss of its adsorptive power. 

The pores of silica gel shrink when heated above 1200 F 

and Its capacity for adsorption decreases accordingly. 
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II. APPARATUS 

Description of Dehunddlfier Machine. The dehumidifier 

tested is of the dynamic, adsorption type. The adsorbent 

used in tuis machine Is silica gel. The machine was built 

for the U. S. Navy by the Davison Chemical Corporation of 

Baltimoi'e, Maryland., and had been in service at the 

reserve fleet anchorage at Tongue Point, Oregon. 

The machine contains 300 pounds of silica gel, is 

rated at 100 cfm of dehumidified air at 1/8 in. static 

pressure, and employs a 7 kw electric heater for reactiva- 

tion of the silica gel. 

The unit is provided with four air connections, two 

of which are for use during the adsorption cycle and the 

other two for use during the reactivation cycle. 

The flow of air through the unit during the adsorp- 

tion cycle is shown in the cross-sectional view, Figure 1. 

Air is drawn into the unit thi'ough the htunid air inlet 

duct connection, then passes through the air filter into 

the heater compartment. The heater is not operating during 

the adsorption cycle. The air then enters the top plenum 

chamber and from there passes into the silica gel bed 

where the adsorption process takes place. Leaving the gel 

bed, the air enters the suction side of the centrifugal fan 

from which it is discharged into the lower damper 
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compartment. It then leaves the machine to the space to 

be dehumidified by way of the dry air outlet duct con- 

nection. 

During the reactivation cycle the air follows the 

same flow path as during the adsorption cycle. The electric 

heater is now in operation. The air enters the reactiva- 

tion air inlet duct connection, passes through the air 

filter and is heated to about 300 F as it passes over the 

heater. The warm air in passing through the silica gel 

bed picks up moisture retained by the bed from the 

previous adsorption cycle, and leaves the machine by way 

of the reactivation air outlet duct connection. 

The operation of the unit is entirely automatic, 

being governed by the control circuit, Figures 2 and 3. 

The duration of the adsorption cycle is determined by the 

setting of the time-clock. The duration of the reactiva- 

tion cycle is dependent upon the time required for the 

temperature of the activating air leaving the gel bed to 

reach the setting of the mercoid temperature controller. 

The gas bulb of the mercoid switch is located in the air 

stream at the point where the air leaves the gel bed. 

The dampers, which change the air flow from the 

adsorption ducts to the reactivation ducts at the end of 

the adsorption cycle and conversely at the end of the 

reactivation cycle, are operated by a damper motor which 
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Fig. 3. Dehumidifier Control Panel. A-blower 

motor relay, B-automatic timer, C-power 

leads, D-connections for adsorption 

cycle controller, E-circuit breaker, 

F-damper motor relay, G-mercoid switch, 

H-heater relay, 3-heater leads. 
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is automatically controlled by the damper motor relay, 

Figure 3. 

The manufacturer's recommended settings for the time- 

clock and the mercoid temperature controller are as 

follows: (2, p 3) 

TABLE I TIMER MID MERCO ID SETTINGS 

Dry-Bulb Temp 
at Dehumidifier Inlet 

DegF 

Below 40 

40 to 70 

Above 70 

Timer Setting 
Hours 

60 

22 

lo 

Mercoid Setting 
DegF 

200 

215 

240 

The dehumidifier will operate on the adsorption cycle 

until the fan motor has operated a cumulative number of 

hours equal to the setting on the time-clock. At the end 

of this time, the time-clock actuates the damper motor 

relay and the heater relay, Figures 2 and 3. The dampers 

stop the air flow through the adsorption duct work and open 

the reactivation inlet and outlet ducts. The heater goes 

into operation at the same time. The unit is then on the 

reactivation cycle. 

When the temperature of the activating air leavïng 

the gel bed reaches the temperature setting of the mercoid 

controller, the mercoid. switch closes and this in turn 
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disconnects the heater and changes the dampers back to 

their position for the adsorption cycle. 

If for some reason there is an overload in the fan 

motor circuit, the fan motor circuit breaker will dis- 

connect and the fan motor will stop. When this occurs, 

the heater relay will also disconnect (1f the heater is on 

at the time) so that the heater cannot operate 1f the fan 

motor is not running. This is to protect the unit from 

overheating. 

A flow meter is incorporated In the machine. This Is 

a single-leg manometer connected across an orifice located 

at the dry air outlet of the machine. The meter is cali- 

brated to read the air flow directly in cfm. The purpose 

of this meter is to give an Indication of the flow and 

enable the flow to be set at the machine's rating of 

loo cThi when a booster fan Is installed. In the normal 

installation for which the machine was designed, 1/8 in. 

static pressure would not be sufficient for air distribu- 

tion through the duct work necessary to distribute the 

dehumidified air to various parts of an inactive ship. 

The booster fan Is controlled by the dehumidifier 

control circuit. Referring to Figure 2, the dotted lines, 

labelled "see note" leading from the timer, are connected 

to the booster fan motor relay holding coil. When the 

dehumidifier reaches the end of the adsorption cycle, the 



time-clock then breaks the circuit to the booster fan motor 

and the booster fan is inoperative during the reactivation 

cycle. 

The nameplate data of the machine tested is as follows: 

Davison Chemical Corporation 
Baltimore 3, Maryland 
Dehumidifier, Dynamic 
Contract No. NObs-14764-Date, 6-1944 
For use on 220 V, 3-phase, 60-cycle current 

To distinguish the machine tested from a similar 

machine used to supply dry air for the tests, the following 

number found on the test machine will be given: 

601-66-D-500. No other serial numbers or identification 

numbers could be found on either machine. 

Test Apparatus. In order to obtain performance curves 

for the dehumidifier, it was necessary to operate the 

machine under controlled conditions of inlet temperature 

and humidity during the adsorption cycle. 

This was accomplished by taking the air from the dry 

air outlet of a second dehumidifier, or supply machine, 

conditioning the air, as explained below, to the desired 

dry-bulb temperature and moisture content, then passing it 

into the humid air inlet of the test machine, Figure 5. 

The desired dry-bulb temperature was obtained by means 

of a heat exchanger, Figures 4 and 5. Water was put 

through the heat exchanger and the desired air temperature 

obtained by varying the water temperature and water flow 
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Fig. 4. Test Apparatus. A-steam set, B-needle 

valve, C-steam line, D-mixing valves, 

E-heat exchanger, F-water line, G-wet 

bulb thermometer, if-dry bulb thermome- 

ter, J-supply machine, K-test machine. 
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Fig. 5. Test Apparatus. A-test machine, 

B-wet and dry bulb thermometers, 

C-humid air inlet, D-dry air out- 

let, E-reactivation air outlet, 

F-heat exchanger, -dainper, H-drain 

hose, J-inlet to supDly machine from 

outside air. 
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thrgh the exchanger. The water temperature was controlled 

by mixing steam with the water by means of mixing valves, 

Figure 4. 

The desired humidity was obtained by adding moisture 

to the dry air from the supply machine. The moisture was 

added by injecting steam into the air duct between the 

heat exchanger and the humid air Inlet of the test machine. 

The flow of steam was controlled by means of a needle 

valve, Figure 4. The steam for heating the water passing 

through the heat exchanger and for injection Into the air 

duct was supplied by a small gas-fired boiler operating at 

about 60 psi. 

The steam jet consisted of a 1/4 in. copper tube 

connected into the main steam line with a needle valve 

placed between the steam line and the jet end of the tube 

which was located in the air duct. The steam was led Into 

the air duct at right angles to the air flow. The jet was 

aimed at the wall of the circular duct so that the steam 

left the jet nearly tangent to the circular cross section 

of the duct. This gave the steam a whirling motion which 

aided in mixing the steam with the air. 

The duct work consisted of stove pipe soldered to 

flanges for connection to the heat exchanger and de- 

humidifiers. 
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For accuracy, the minimum air velocity past a wet- 

bulb thermometer should be at least 900 fpm (7, p 9). For 

the quantity delivered by these machines, the velocity In 

a 4 In. circular duct is approximately 1100 fpm. 

A 6-inch stove pipe was used between the supply 

machine and the heat exchanger and a 4-inch stove pipe 

used between the heat exchanger and the test machine inlet. 

The 6-inch section was used to utilize more of the heat 

exchanger area. 

The diameter of the flange opening at the supply 

machine dry air outlet was 3 inches. Wet- and dry-bulb 

thermometers were located near this restriction in order 

to have sufficient velocity past the wet bulb in the 

6-Inch duct. Wet- and dry-bulb thermometers were located 

In the 4-inch duct sections downstream from the steam jet, 

just ahead of the humid air inlet of the test machine, and 

at the dry air outlet of the test machine, Figuxes 4 and 5. 

The thermometer holders consisted of 1/2 inch pipe 

nipples soldered into suitable holes in the stove pipe. 

The thermometers were run through corks placed In the 

pipe nipples. A small hole was drilled in the side of the 

pipe nipples holding the wet-bulb thermometers and a wick 

was extended from a small water can up through this hole 

and placed around the thermometer bulb, Figure 4. 
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A damper was Installed in the test machine dry air 

outlet duct In case It were necessary to throttle the flow 

through the machines to maintain the same air flow at all 

times during the tests. 

The supply machine Inlet was taken from outside air 

for part of the tests. This duct Is shown in Figure 5. 
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III. TEST PROCEDURE 

Prdilnilnary Tests. The rate of air flow through the 

machines was checked to determine if they were operating 

at their rated flow, 100 cfm. The flow was checked 

individually for each machine without the duct work in 

place; then when both machines were running, with the duct 

work in place. 

The flow was checked by two methods: 

(1) By connecting an inclined draft gage 

across the orifice located at the dry air outlet 

of the machine and calculating the flow from the 

pressure drop obtained, and 

(2) By the use of an anemometer held next 

to the dry air outlet. 

The inclined draft gage was used for the flow test in 

place of the manometer already on the machine. However, 

during the tests the manometer was used to check the flow 

frequently to see that it remained constant. 

It would be difficult to maintain a given humidity 

and temperature at inlet for the entire adsorption cycle, 

and, also, it would take a great deal of time to test the 

machine in this manner for several different combinations 

of inlet dry bulb temperature and humidity. If this 

procedure were followed, the machine would have to be 

reactivated between each two test observations. 
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After the above considerations a more logical test 

procedure was sought. 

Continuous Run Test. A continuous run test was then 

made on the test machine with the Inlet air to the test 

machine being taken from the room. This test was begun 

at the end of the reactivation cycle. Readings of wet- 

and dry-bulb thermometers at the inlet and outlet of the 

machine were taken at one-hour Intervals for the first 5 

hours, and at approximately two-hour Intervals for the 

next 35 hours, The absolute humidity at inlet and outlet, 

and the dry-bulb temperatures at inlet and outlet were 

plotted against time as the abscissa, Figure 6. The 

purpose of this particular test run was to determine what 

place during the adsorption period would yield the most 

representative, or average, performance data for the 

machine. The results of this test also show the 

characteristics of the machine at this particular set of 

Inlet conditions. 

The next step was to determine the best method to 

obtain perfonnance data at different conditions of inlet 

humidity and temperature. 

From preliminary trials it was found that the minimum 

inlet dry-bulb temperature obtainable with the test 

apparatus was 70 F when using the dry air from the supply 

machine, and about 60 F when using outside air. 



It was then decided to cover a range of inlet dry-bulb 

temperatures from 60 to 95 F and an inlet moisture content 

ranging from 20 to 80 per cent relative humidity correspond- 

ing to dry-bulb temperatures of 75, 85, and 95 F, and the 

minimum humidity obtainable from outside air up to 80 per 

cent relative humidity at 60 F. 

Performance Tests. Data for performance curves 

similar to those published by the Bryant Heater Company 

(1, p 287) for a silica gel dehumidifier were obtained in 

this investigation. On these curves, leaving air moisture 

content and leaving air temperature are plotted against 

the inlet air moisture content. In this investigation a 

separate set of curves was plotted for each dry-bulb 

temperature, le 60, 75, 85, and 95 F (Figures 8, 9, 10, 

and 11). 

The performance data were taken within the range of 

from 4 to 16 hours after reactivation. See Figure 6. 

In order to obtain these curves at nearly the same 

condition of desiccant bed saturation, lt was decided to 

get the data for the 75, 85, and 95 F curves concurrently. 

The 60 F curve could not be run at the same time since the 

supply machine could not be used for this temperature. 

It was found in the preliminary trials that the outlet 

air dry-bulb temperature was more dependent upon the inlet 

air moisture content than upon the Inlet dry-bulb 
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temperature. Therefore, the inlet air moisture content was 

held constant and the inlet air dry-bulb temperature varied 

to obtain a point on each set of curves. The moisture 

content would then be increased to a new value and the dry- 

bulb temperature again varied for another point on each set 

of curves. 

The 75, 85, and 95 F curves were run first. For each 

Inlet moisture content at each inlet dry-bulb temperature 

the machine was allowed to reach equilibrium conditIons. 

Wet- and dry-bulb temperature observations were recorded 

every 15 minutes until readings were obtained which agreed 

closely with the preceding readings. Usually from 30 to 

45 minutes, and occasionally 60 minutes, running time was 

necessary for the machine to reach equilibrium before one 

point on one curve could be determined. 

It was necessary of course to maintain, as nearly as 

possible, constant humidity and inlet temperature once a 

setting was made. The dry-bulb temperature was controlled 

by adjusting the steam and water mixing valves and the 

desired inlet wet-bulb temperature maintained by adjustment 

of the steam jet needle valve, Figure 4. 

Four points were obtained on each of these three sets 

of curves ranging from 20 to 80 per cent relative humidity 

at each temperature. The machine was then reactivated 

and allowed to run for about 4 hours after reactivation 



with the inlet being taken from the room. This brought the 

temperature and moisture content of the gel bed back to 

approximately the same point wbre the performance tests 
were first begun. 

Four more points on each of the 75, 85, and 95 F 

curves were obtained in the same manner as before, inter- 
spaced between the first set of points and also covering 

the range of 20 to 80 per cent relative huraidity at each 

temperature. 

This procedure was followed in an attempt to avoid 

erroneous results toward the high moisture end of the 

curves. 1iring the time the performance tests were being 
run the desiccant bed was of course becoming saturated. 
If all 8 points on each of the curves had been obtained 

successively, the gel bed would be nearly saturated by 

the time the high moisture end was reached. 

For the 60 F inlet curve, the air was taken from out- 
side the building, led throngh the heat exchanger, past 
the steam jet, and into the test machine humid air inlet. 
Points on this curve were obtained over a range from the 

prevailing outside air humidity up to 80 per cent relative 
humidity at 60 F dry-bulb temperature. The dehumidifier 
was allowed to reach equilibrium at each moisture setting 
as before. 
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During the 75, 85, and 95 F Inlet runs, the supply 

machine was kept in operation for all test machine Inlet 

humidities. 

At various times during the tests when moisture was 

being added, the air duct was disconnected at the elbow 

just ahead of the test machine inlet to Insure that the 

air and steam were being thoroughly mixed. By placing the 

face In the air stream, droplets of water or condensation 

being carried along with the air could be detected. 

Steam was bled off the main steam line continuously 

during the tests to help prevent any condensation from 

being carried into the air duct by way of the steam jet. 

Wet- and dry-bulb temperatures were read to the 

nearest degree. 

When the temperature of the air leaving the test 

machine dry air outlet reached approximately 120 F or 

higher, the wet-bulb thermometer at this point was checked 

frequently to insure that the wet bulb was being kept 

sufficiently moist by the wick. 

The reactivation air inlet for the machines was taken 

from the room and the reactivation air outlet discharged 

into the room. The space surrounding the machines was 

great enough so that the reactivation outlet did not 

appreciably affect the humidity of the air in the vicinity 

of the dehurnidifiers. 
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A lo of inlet and outlet temperature and humidity was 

kept for the supply machine during the performance tests, 

and these were plotted against cumulative running time as 

abscissa, Figure 7. 
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IV. DISCUSSION OF RESULTS 

Air Flow. The air flow rates through the dehurnidiflers 

determined in the preliminary tests were found to be: 

(1) 98 cfm for the supply machine 

(2) 85 cfm for the test machine 

The flow rate through the test machine, when its inlet 

air was taken from the supply machine dry air outlet with 

the supply machine running, was essentially the same as 

when operating the test machine without the duct work in 

place. The friction losses through the heat exchanger 

and duct work accounted for the drop from 98 cfm to 85 cfin. 

A reasonable check was obtained between the measure- 

ments with the anemometer and the orifice. The orifice 

coefficient used was 0.65. 

In any calculations for the test machine, a flow rate 

of 85 cfin should be used. 

It was necessary to replace the test machine fan motor 

before the machine could be put in operation. The fan 

rotor was corroded which may account for the flow being 

less than 100 cfm--the rated flow for the machine. Also 

the desiccant bed in this machine may have been packed or 

settled somewhat which would Increase the resistance to 

air flow. 
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Continuous Run Tests. All humidity determinations 

from wet- and dry-bulb temperature readings were obtained 

from psychrometric tables and charts based on a standard 

barometer of 29.921 in. Hg (9, p 58-125, 137-150). 

The barometer range during the times of actual test 

observations was from a minimum of 29.69 to a maximum of 

29.91 in. Hg. Within this atmospheric pressure range the 

variation of humidity, as determined by wet- and dry-bulb 

temperature readings, from the humidity at a standard 

atmosphere Is slight. The variation in relative humidity 

between a 30-inch barometer and a 29-inch barometer is but 

one per cent for a given wet-bulb depression (7, p 21-36). 

No pressure corrections (4, p 103) were deemed 

necessary in the determination of humidities for plotting 

the continuous run and performance curves. 

From the continuous run curve, Figure 6, it is seen 

that the maximum drying effect, or minimum humidity at 

outlet was obtained from 3 to 5 hours after the end of 

the reactivation cycle. The minimum humidity at outlet 

was 5 grains per pound of dry air for inlet conditions of 

82 F dry-bulb temperature and an absolute humidity of 

56 grains per pound. At this point the temperature of the 

dry air leaving the dehumidifier was 100 F, and its corre- 

sponding relative humidity is approximately 2 per cent. 
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The leaving air humidity curve drops off rapidly 

during a period of 2 hours running time from the end of 

the reactivation cycle. At the end of the reactivation 

cycle the leaving air humidity is considerably higher than 

the entering air humidity, and, as the desiccant bed cools 

down, its capacity for adsorbing moisture increases rapidly 

to a maximum at 3 hours after reactivation. 

The leaving air humidity gradually increases for the 

next 24 hours, the useñil adsorption time for these inlet 

conditions being about 20 hours. As was expected, the 

leaving air temperature gradually decreases and approaches 

the entering air temperature as the gel bed is becoming 

saturated. As the moisture content of the desiccant bed 

increases, the rate of moisture adsorption decreases, less 

heat of condensation is given up, and as a result the 

leaving temperature decreases. 

Between 28 and 40 hours after reactivation the dif- 

ference between the entering and leaving air humidity seems 

to remain at a constant value. If a curve of per cent 

moisture adsorbed were plotted against time as the abscissa, 

this curve would rise rapidly from zero at first, then 

level off and approach nearly asymptotically a value of 

moisture content representing complete saturation of the 

desiccant bed (6, p 35). At 28 hours, FIgure 6, the slope 

of the moisture adsorbed-time curve has begun to approach 



zero. The desiccant bed. Is still adsorbing moisture, but 

at a much slower rate. The continuous test was not run to 

complete saturation, however, the useful adsorption time 

is clearly shovm in Figure 6 and, as stated before, is 

about 26 hours. It must be remembered that this adsorption 

time and the leairtng air humidity and temperatures shown on 

the curve will apply only for the Inlet conditions of dry- 

bulb temperature and humidity shown. 

The abrupt rise in the entering air humidity at about 

28 hours, Figure 6, was caused by steam discharged from a 

throttling calorimeter being used in a steam engine test 

which was being conducted nearby. 

The supply machine log, FIgure 7, was not plotted from 

continuous run data. Actually the data were gathered over 

a period of several days. The time scale Is cumulative 

running time. This accounts for the wide variation in 

inlet humidity and temperature which In turn caused a wide 

variation of outlet conditions. Each time the supply 

machine was started it was allowed to come to equilibrium 

before taking wet- and dry-bulb temperature readings. Even 

though the data for this machine vary over a wide range of 

inlet conditions, it can be seen that the difference 

between the inlet and outlet humidities is nearly constant 

up to about 30 hours, then begins to gradually decrease 

with a marked decrease in difference at 52 hours running 
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time. The average inlet temperature is about 58 F for this 

machine whereas the average inlet temperature for the test 

machine continuous run was about 80 F. The useful adsorp- 

tion time for the test machine was approximately 20 hours 

while for the supply machine with 58 F inlet, the useful 

adsorption seems to be about 42 hours. 

It is difficult to say just what point during the 

adsorption cycle could be termed the end of useful adsorp- 

tion. It would depend upon how much drying would be 

necessary for the particular installation and operating 

conditions. At 80 F inlet the drying effect Is still 9 or 

10 grains per pound after 26 hours adsorption time, and at 

58 F inlet the same amount of drying is obtained after 52 

hours of adsorption. 

The manufacturer's recommended adsorption timer set- 

ting for 80 F inlet is 10 hours, Table I. From Figure 6, 

the drying effect after 10 hours adsorption time is 28 

grains per pound. Assuming a condition of 80 F dry-bulb 

temperature and 65 per cent relative humidity, removal of 

28 grains per pound from this air would bring the relative 

humidity down to 28 per cent. Obviously the adsorption 

times recommended by the manufacturer would be for a maxi- 

mum relative humidity of 30 per cent at the dry air outlet, 

since the machine was intended for use on a decommissioned 

vessel where it Is desired to maintain a relative 



humidity of not greater than 3O per cent within the 
s hip. 

Performance Curves. Data for the performance curves 
were obtained within the adsorption period of from 4 to 16 

hours after the end of reactivation in an attempt to get 
the average performance characteristics during the adsorp'- 
tion cycle. 

As explained in "test procedure," half the data for 
the '7ö, 85, and 95 F inlet temperature curves was 

obtained, the machine reactivated back to about the same 

desiccant bed moisture content as at the beginning by 

timing, and then the remaining data for the 75, 85, and 

95 F curves were obtained. Approximately 12 hours were 

required for each half of the 75, 85, and 95 F performance 
curve data. In this manner, test data were taken during 
the 12-hour period between 4 and 16 hours after reactiva- 
t ion. 

If each inlet temperature curve had been run 
separately and the machine reactivated each time, each 
curve might have been at a different level of desiccant bed 
saturation. As seen from the curves (Figures 9, 10, ii), 
half the points seem to form a curve slightly above another 
curve formed by the other half. An average curve drawn 

through both sets of points should represent outlet condi- 
tions for average desiccant bed moisture content. 
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The best method to determine just how much moisture 

the desiccant had adsorbed would be by actual weighing. 

The weight of the machine is approximately 1100 pounds, 

and, hence, moisture content determinations by weight dif- 

ferences were not possible. 

The 60 F dry-bulb inlet curve, Figure 8, was run 

separately. It is seen that no data were taken up to an 

inlet condition of 35 grains per pound. When using the dry 

air outlet of the supply machine, the heat exchanger would 

not cool the air down to 60 F. As a result it was 

necessary to take the test machine inlet air from outside 

and, of course, no humidities below the prevailing outside 

air humidity could be obtained. 

Ice water was circulated through the heat exchanger in 

an attempt to cool the supply machine outlet air to 60 F, 

but this was not successful because sufficient flow of ice 

water could not be maintained. Evaporative cooling was 

also tried in order to get lower dry-bulb temperatures at 

the test machine inlet. A device to introduce a fine 

spray of water into the air duct was built for this purpose. 

The difficulty here was that all the water would not be 

evaporated and droplets of water were being carried into 

the test machine. The steam jet humidifier proved to be 

most satisfactory for adding the desired amount of moisture 

to the air. 
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The scattering of points, especially on the 85 and 

95 F inlet curves, is partly attributable to the procedure 

followed in taking the data. It is believed, however, that 

a better representation of average performance during ad- 

sorption was obtained by the test procedure followed, than 

by running each curve separately. 

At the higher temperatures, one degree difference, or 

error, in the wet-bulb reading makes a greater difference 

in the absolute humidity than at lower temperatures. This 

can be seen from a psychrometric chart, and partly accounts 

for the scattering of points on the 85 and 95 F inlet 

curves, Figures 10 and 11. 

The performance, or effluent moisture and temperature, 

curves obtained in this investigation are of the same 

general shape as similar sets of curves published by the 

Bryant Heater Company for a dynamic sïlica gel dehumidifier 

(1, p 287). 

The data for the curves were obtained by increasing, 

rather than decreasing, the inlet air humidity for each 

successive point. It was found that an increase in inlet 

air moisture content had considerably more effect upon the 

dry-bulb temperature of the leaving air than did an increase 

in inlet air dry-bulb temperature. It was also found that 

much more running time was required to reach equilibrium 

when cooling the desiccant bed down than when it was 
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being heated up. This was the reason for increasing the 

moisture content for each successive point. 

In setting up the test apparatus, a wet- and dry-bulb 

thermometer were located about 3-1/2 feet downstream from 

the steam jet and upstream from a similar set of ther- 

mometers located at the test machine humid air inlet, 

Figure 5. The purpose of this was to determIne if any 

appreciable amount of moisture would be added to the air 

stream by evaporation from the wet-bulb thermometers. By 

noting the temperature difference between these two wet- 

bulb thermometers, lt would be possible to get an indica- 

tion of the correction necessary for obtaining the actual 

moisture content of the air entering the test machine humid 

air Inlet. It was found that there was no temperature dif- 

ference between the two wet-bulb thermometers so only the 

wet- and dry-bulb thermometers at the test machine Inlet 

were used during the tests. 

Adsorption Efficlancy. Adsorption efficiency Is a 

ratio of the difference between entering and leaving air 

moisture content to entering air moisture content (6, p 178). 

Symbolically: 

w4-w 
E = -- f 

WI 

in which E is adsorption efficiency, W1 Is Inlet air mols- 

turo content, and Wf is leaving air moisture content. 
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As was expected, the highest adsorption efficiency 

was obtained at the lowest inlet air temperature, 60 F. 

For 60 F inlet temperature, the average adsorption 

efficiency is '75 per cent; for 75 F inlet, 60 per cent; 

for 85 F inlet, 56 per cent; and for 95 F inlet, 54 per 

cent. 

Moisture Removal. Since no data could be obtained by 

weighing of the actual amount of moisture removed, lt is 

necessary to determine the moisture removal by use of the 

curves. 

From the continuous run curve, Figure 6, the total 

moisture removed during the adsorption period Is the dif- 

ference between the total weight of moisture put into the 

machine and the total weight of moisture that left the 

machine during the adsorption period. 

Using an air flow of 85 cfm for the test machine: 

85x60 Tx&)_(SSX6O O) W = Wj - W0 = x - x T 

85 x 60 
T - = 0.728 T (gj go) 

= 7000 X 
.v 

where W is the total pounds of moisture removed 

during the adsorption period, Wj the pounds of 

moisture taken in by the machine during the ad- 

sorption period, W0 the pounds of moisture that 
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left the machine during the adsorption period, 

T the adsorption time in hours, gj and g0 the 

average grains of moisture per pound of dry air 

at inlet and outlet, and y1 and ir0 the average 

specific volume of the air at inlet and outlet. 

For an adsorption time of 26 hours, the moisture re- 

moved during adsorption Is: 

W = 0.728 x 26 (l35 - l4.07 31.2 lb in 26 br 

This Is for the inlet conditions shown In Figure 6. 

To determine the moisture removal for inlet dry-bulb 

temperatures of 60, 75, 85, and 95 F, the same general 

equation, W = 0.728 T (! - !2), will be applicable. The 
i vo 

values of g0 and outlet temperature at any Inlet condition 

on the curves, Figures 8, 9, 10, and 1]., wIll be average 

values during adsorption since the data for these curves 

represent average outlet conditions. 

It must be remembered, however, that the useful ad- 

sorption time will vary with different Inlet temperatures. 

By using the adsorption timer settings given in Table I, 

the dry air leaving the dehumidifier would not exceed 

30 per cent relative humidity during adsorption, as was 

pointed out before. 



A sample calculation illustrating the use of the 

effluent moisti.e and temperature curves will now be given. 

Assume an inlet condition of 75 F dry-bulb temperature and 

a wet-bulb temperature of 62 F. From a psychrornetric 

chart, the inlet air moisture content is 63 grains per 

pound. From the 75 F temperature curve, Figure 9, at an 

Inlet moisture content of 63 grains, g0 is 24 grains, and 

the effluent air dry-bulb temperature Is 102 F. From the 

psychrometric chart, y1 Is 13.7 cubic feet per pound and 

y0 j 14.2 cubic feet per pound. Using an adsorption time 

of 10 hours from Table I, 

63 24 21.2 lb of moisture W = 0.728 x 10 13'7 - = removed in 10 hours 

The manufacturer gives the following values of mols- 

ture removal and reactivation time: (2, p 1) 

TABLE II MO ISTtJ RE REMO VAL RATES 

Entering Air Conditions Moisture Removal Rate 

95 F D.B., 35% HumIdity 32 lb in 10 hr 

70 F D.B., 35% 42 lb in 22 hr 

40 F D.B., 35% " 50 lb In 60 hr 

Aprox Time 
Required for 
Reactivation 

6-1/2 br 

'7-1/2 hr 

10-1/2 br 

The moisture removal rates given above are for an air 

flow rate of 100 cfm. For the machine tested, the air flow 

rate was 85 cfm Instead of the rated 100 cfm. The above 
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moisture removal rates apply only for the given entering 

air conditions. 

The moisture removal obtained by calculation from the 

continuous run data checks reasonably well with the manu- 

facturer's value for approximately the same inlet condi- 

tions; 31.2 pounds in 26 hours from the test data, and 

35.6 pounds in 22 hours from the manufacturer's data when 

an air flow rate of 85 cfm is used. 

Reactivation. The time required for reactivation 

after the continuous run test, Figure 6, was 8-1/4 hours at 

a mercoid setting of 240 F. The temperature at the dry air 

outlet of the dehumidifier just as the dampers changed into 

position for the start of the adsorption cycle was 180 F. 

About 2 hours were required for the leaving air temperature 

to cool down to loo F after the heater became inoperative. 

It was found that the supply machine reactivation was 

much slower than that for the test machine. Evidently, 

the supply machine heater was a 5 kw heater. By changing 

heater connections as shown in Figure 2, the heaters on 

these dehumidifiers may be made to operate either as 5 or 

'7 kw heaters. 
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V. CONCLUSIONS 

Chemical dehumidifiers can provide air of almost any 

dew point temperature, but such equipment cannot, in any 

way, lower the dry-bulb temperature of the conditioned 

space. 

To use a dehumidifier of this type to dehumidify air 

for a test room, some means for cooling of the air leaving 

the dehumidifier would be necessary if high temperatures 

in the room were undesirable. For local, normal conditions 

of temperature and humidity at the dehumidifier inlet, 75 F 

dry-bulb temperature, and a relative humidity of 40 per 

cent, are reasonable assumptions. At this dehumidifier 

inlet condition, the dry-bulb temperature of the dry air 

leaving the dehumidifier is 97 F. See Figure 9. 

It is possible to obtain very low humidities with a 

dehumidifier of this type. Relative humidities at outlet 

of the order of 2 per cent were obtained with the de- 

humidifier tested. 

To maintain a constant relative humidity, say 30 per 

cent, the most satisfactory method in using this type of 

dehumidifier would be humidity control in the conditioned 

space by intermittent operation of the dehumidifier. To 

operate the dehumidifier in this manner, the connections 

for a controller, such as a humidistat, shown in 
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Figures 2 and 3, location "D", would be used. 

A unit of this type would have to be installed in 

duplicate if it were necessary to continuously maintain 

a humidity lower than that of the prevailing atmosphere 

surrounding the space to be conditioned. 

In any similar investigation, wet- and dry-bulb 

temperatures should be read more closely than to the 

nearest degree--especially at the higher temperatures. 

There are many variable factors to be considered which 

affect the performance and operating characteristics of 

this type dehumidifier. 
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