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SYSTEMS AND METHODS FOR CONTROLLING LOCAL ENVIRONMENT 

The present invention relates in general to the control of local environment, and in 

particular, to systems and methods for controlling the temperature, humidity, and 

cleanliness of gas such as air delivered to semiconductor equipment. 

Background of the Invention 

There are many applications in semiconductor manufacturing where tight control of 

temperature, relative humidity, and partiCles of a process gas such as air becomes 

critical. See Chang & Sze, ULSI Technology (1996), which is hereby incorporated by 

reference. 

Foundries, including metrology, lithography, and track areas where photoresist and 

developer is applied to silicon wafers, may require· air having a relative humidity of 

45%± 0.5% at 24±0.1 C, while other cleanroom areas may require a relative 

humidity of 45%± 5% at 24±0.5 C. For example, the humidity of air delivered to a 

photoresist spin station must be controlled because it affects the evaporation rate of 

solvent of the resist. To avoid particle contamination, the process areas may also 

require Class 1 (at 0.12 microns) while the surrounding areas may only require Class 

1000 (at 0.3 microns}. The velocity of air is in laminar11oW-tegion such as 0.35 

m/sec. 

Foundries must control other parameters affecting the quality of air, including 

hydrocarbons and other external contaminants, out-gassing of materials contacting 

the air, the pressure of the air, and the electrostatic discharge of the system 

delivering the air to the process. 

Because of these requirements, especially for cleanliness, some foundries seek to 

control the local or mini-environments of critical processes, rather than the entire 

cleanroom, and transport wafers outside mini-environments in SMIF pods (standard 
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mechanical interfaces). Chang~ Sze, at pages 12-13. Tl'Je mini-environments are 

cost-effective, but require delivery of precisely cootrollecfgas such as air .. 

In an air-water system; humidification and dehumidific(lti<>n involves transfer of water 

between a liquid water phase and a fixed air phase, which is insoluble in the water. 

Heat and mass transfer effects influence one another ·so that the temperature and 

relative humidity are coupled together. 

The specific humidity is defined as the mass of water vapor carried by a unit mass of 

dry air. Relative humidity is defined as the ratio of the partial pressure of the water 

vapor to the vapor pressure of the water at the gas temperature, and is expressed on 

a percentage basis so that 100 percent relative humidity means saturated air and o 
percent means dry air. 

Accurate regulation of temperature and humidity requires. use of closed-loop control 

to compensate for disturbances such as changes in the ambient air conditions. The 

coupling between temperature and relative humidity presents challenges to the 

design of the closed-loop controller. 

The semiconductor industry has attempted to control the temperature. and the 

relative humidity of process air in three stages: first, a chiller lowers th~ temperature 

and humidity of the incoming air below the desired values; second, a heater raises 

the temperature of the air to a desired value, and, third, a steam source humidifies 

the air to achieve the required relative humidity. However, boiling water at the steam 

source is an unstable complex process, and it is difficult to provide controlled boiling 

that generates the required amount of water vapor to control humidity within the . 

required tolerances ± 0.5% RH. Furthermore, the response time of humidity levels 

resulting from change in the heater power supply is too slow and unpredictable. 

Because the temperature and relative humidity are coupled and it is difficult.to 

precisely controlling the amount of steam used to humidify the air, this conventional 

approach has significant drawbacks. 
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.... ·:,·:. ~ .. 
Summary of the Invention 

The present invention p~~vides a robust and cost-effec~h1e alternative to the systems 
,:.·, .. 

used previously because final humidity and temperature can be treated as 

decoupled parameters. 

In a preferred embodiment, a gas-liquid contactor brings liquid into intimate contact 

with gas so the gas leaves the contactor at the saturation temperature, a heater 

heats the gas to a desired temperature, and the absolute humidity of the gas is fixed 

by the inlet liquid temperature to the contactor. 

In a preferred embodiment, the system avoids the difficulty of controlling coupled 

temperature and humidity outputs. In an air-water system, the thermodynamics of 

moist air dictates the dry bulb and saturation temperatures of the air determine its 

relative humidity. With the use of steam tables, the problem of controlling 

temperature and relative humidity can be transformed into one of controlling dry bulb 

and saturation temperature. Because there is no direct coupling in the control of 

these parameters, the invention permits precise control of local environments used in 

the ULSI technology. 
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.Brief Description of the Drawings 

Figure 1 is a schematic diagram of one embodiment of the system of the present 

invention. 

Figure 2 illustrates an embodiment of the Direct Contact Cooler-Condenser (DCCC) 

suitable for use in an air-water system. 

Figure ~A is a top view of one embodiment of the sprintci~r located in the cylindrical 

housing of the DCCC. 

Figure 38 is a cross-section of a sprinkler arm taken on the line A-A of Figure 3A. 

Figure 3C is a cross-section of a sprinkler arm taken on fhe line 8-B of Figure 38. 

Figure 3D is a perspective view of a sprinkler arm illustrating the direction and 

spacing of the orifices .. 

Figure 3E is cross-section ()fthe sprinkler arm showing its internal structure. 

Figure 4 illustrates an empodiment of the control system suitable for use with the 

present invention. 

Figures 5A-5F are a set of tasks performed by one embodiment of software 

implementing the present invention. 

Figure 6 illustrates an alternative embodiment of the control system. 

Figure 7 is a psychrometric chart showing a process path for humidifying air in the 

system of the present invention. 

Figure 8 is a psychrometric chart showing a process path for dehumidifying air in the · 

system of the present invention. 

Figure 9 is a graph illustrating the results of decoupling relative humidity from 

temperature. 
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D~tailed Description of the Preferred Embodiments· 

The present invention rela~es to a system for controlling. the local environment of a 

gas-liquid system. In a preferred embodiment, the system uses a gas-liquid·: 

contactor 100 for humidifying or dehumidifying the gas. As shown in Figure 1, the 

gas-liquid contactor 100 includes a housing filled with a contact media 106, a gas 

inlet 102 below the contact media 106, a gas outlet 107 above the contact media 

106, a liquid sprinkler 108 above the contact media 106, and a liquid reservoir 11 o 

below the housing with an outlet 112; 

In a preferred embodiment, the gas-liquid contactor 100 is a direct-contact cooler 

· condenser that operates like a cooling tower, but instead the liquid is heated and the 

gas is cooled. The governing equations and solutions are similar. Cooling tower 

theory is dealt with by Mills & Irwin, Heat and Mass Transfer (1995), which is 

incorporated by reference. 

In a preferred embodiment, the contact media 106 is material with a large surface 

area/volume of material, chemically inert to the liquid and gas, which brings the liquid 

and gas into intimate contact for sufficient heat and mass transfer to saturate the gas 

with the liquid after the contact. Some suitable materials are tower packing, · 

refrigerated coils, and tubes. McCabe & Smith, Unit Operations (1976 & later 

editions) and Perry's Handbook of Chemical Engineering (1973 & later editions) 

provide suitable contact media and are incorporated by reference. 

Conventional cooling tower packing typically has large hydraulic diameters in order 

to reduce pressure drop, but if there is little space, compactness of the DCCC 100 

may be more important than avoiding greater than typical pressure drop. Whatever 

tower packing is selected, it clearly is preferably to have a large surface area per 

volume. 

The liquid from the outlet 112 enters an inlet 116 of a heat exchanger 114 connected 

to a refrigeration system 146. The chiller, including the refrigeration system 146 and 

the heat exchanger 114, chills the liquid. The liquid returns from outlet 118 to a pump 

120, moves through the flowmeter 140, and enters the gas-liquid contactor 100 at 

the inlet 104 to the sprinkler 108 forming a closed-loop circulation. 

Closed-loop circulation is preferred because the liquid temperature does not deviate 

as much and can be more quickly returned to operating conditions by the chiller. 
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Further, closed-loop circulation lowers the expense of purifying water, but even so 

humidification requires make-up and dehumidification removal. Thus, in the preferred 

embodiment, the system provides a make-up inlet 178 a,nd a removal outlet 179 at 
. . 1 

the reservoir 110, and high and low reservoir sensors 17 4, 176 indicating when 

removal or make-up liquid··is required. A suitable high and.low sensor is the NCG 

Multipoint Level Switch made by Kobold Instruments, Inc. 
·,. 

A percentage of the liquid in the "closed-loop" is prefer~bly refreshed to meet the 

purity requirements. The capacity of the chiller to bring the liquid to. operating 

conditions and the cost of purification sets the appropriate percentage of liquid to 

add to the "closed-loop" through the make-up inlet 178'. A ,preferred percentage 

might be 50% of the circulating liquid per hour. 

It is preferred that the sprinkler 108 distributes liquid uniformly over the contact 

media 106. In one embodiment, the system includes temperature sensors 128 and 

126 to measure the temperature of the liquid entering an~ leaving the heat 

exchanger 114, but the _system may in another embodiment include only the gas 

temperature sensors 122 and 144 for control. 

In the embodiment of Figure 1, a blower 136 moves the gas to a valve 134, a 

positive flow displacement meter {PDFM) 132, and a gas inlet 102 below the contact 

media 106. 

In another embodiment shown in Figu.re 2, the gas enters' inlet 202 from the 

surroundings, the blower 236 is placed downstream of the contrator, and valve 134 

and flowmeter 132 are not used. 

In the preferred embodiment, the gas travels up through the contact media 106 

countercurrent to liquid flowing down. However, it is not strictly necessary to have 

countercurrent flow because any gas-liquid contact achieving the saturated gas at 

the outlet is satisfactory. After contacting the liquid, the ~as leaves at outlet 107 

saturated with vapor and goes to a heater 138 with a heater coil 142 where the _gas 

temperature increases to a desired value. A suitable heating coil 142 is a Watlow 

Gordon 1/16 inch diameter cable heater arranged in a snake-like pattern in two 

layers to form a heating grid. As shown in Figure 1, the system includes the gas 

temperature sensors 124 and 122 to measure the gas entering and leaving the gas­

liquid contactor 100. 
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Thus, the preferred embbdiments include two stages.·ihthe first stage, the gas 

passes through contact media where it is cooled and humidified or dehumidified by 

direct contact with the tloW'of chilled liquid. In this stage~ it is important that there is 

sufficient contact media surface area per unit volume to bring the gas and the chilled 

liquid to thermal equilibrium at full saturation by heating the liquid ahd cooling the 

gas. In the second stage, the gas is heated to the desired dry~bulb temperature 

maintail')ing its specific humidity _unchanged, at which the desired relative humidity is 

achieved because the desired specific humidity was achieved in the first stage. From 

the desired relative humidity and dry-bulb temperature, one can extract the 

corresponding specific humidity and its saturation temperature. Saturation 

temperature can be controlled by controlling the temperature of the liquid 

independently from the dry bulb temperature. Similarly, controlling the temperature of 

the gas in second stage will not impact the specific humidity achieved in the first 

stage. Note the leading digit of the part numbers indicates the Figure showing the 

part in question, while the trailing digits indicate like parts are involved. Thus, contact 

media 106 and 206, shown in Figure 1 and Figure 2, respectively, have the same 

function. 

Figure 2 illustrates a Direct Contact Cooler-Condenser (DCCC) 200 suitable for an 

air-water system. The DCCC 200 preferably includes a cylindrical-shaped housing, 

an air inlet 202, a distributing air space at the bottom of the housing, a water inlet 

204 and a sprinkler 208 at the top, a reservoir 210 with a water outlet 212 near the 

bottom, a removal outlet 279 below that, a make-up inlet 278 at the top of the 

reservoir 21 O, and a contact media 206, such as the tower packing mentioned 

earlier. The housing of the DCCC 200 is preferably chemically inert, not off-gassing 

or exceeding hydrocarbon limits in operation. In. cme preferred embodiment, the 

internal diameter of the housing of the DCCC 200 is 12 inches in diameter and 24 

inches in height. The water lines are preferably an inert tough material such as ¥.! 

inch in diameter Teflon tubing. The inner wall of the reservoir 21 O is larger in 

diameter than the outer wall of the DCCC 200 forming an inlet 202 around the 

circumference of the DCCC 200 to allow uniform airflow into the tower. The contact 

media 206 is tower packing 18 inches in height, leaving an open space above of 6 

inches. The tower packing is chemically inert, not off-gassing, and contains adequate 

passages to avoid excessive liquid holdup or pressure drop. Some suitable tower 
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packings for air-water are tower p~cking media CF650 made by Brentwood 

Industries, Inc.; black oxidized copper wire cloth; cloth of anodized aluminum wire, or 

Teflon filaments. 

If the contact media 206 is tower packing, it may be held by supporting screens (not 

shown) or held in pl~ce by friction of the tower packing against the walls of the tower. 
. . 

Preferably, the tower packing has sufficient surface area per unit volume to provide 
.. . . . .. 

good contact between the water and the ~ir for high heat and mass transfer rates; 

and to bring the air and the water into intimate contact necessary to achieve thermal 

equilibrium in a single pass whether parallel or countercurrent flow. · 

As shown in Figure 2, a non-corrosive chemically compatible pump-.220, sitting on 

support 272, withdraws water from the reservoir 21 O through the line 212 and moves 

the water through line 216 to a heat exchanger 214. 

One suitable heat exchanger 214 includes a matrix of approximately· 100 TECs 

(thermal electric chips) sandwiched between two copper plates such that the cold 

side of the TECs face the same plate and the hot side ofthe TECs ·face another 

plate. Copper tubing with snake-like pattern is brazed on the opposite surface of the 

. copper plate that is in contact with the cold surfaces of the TECs. Water delivered to 

the DCCC 200 circulates through the copper tubing. Another copper tubi~g with 

snake-like pattern is brazed on the opposite surface of the copper plate that is in 
' . 

contact with the hot surfaces of the TECs. Separate water runs through this tubing to 

extract the heat from the TECs. The heat exchanger can be remote if desired from 

the mini-environment to avoid any disturbances. A suitable TEC is part no. CP 2.8-

32-0SL made by Melear Materials Electronic Products Corp. 

The chilled water leaving the heat exchanger 214 at the outlet 218 is delivered 

through the line 204 to the sprinkler 208, which distributes the wat~r on the contact 

media 206. It is important to introduce the water on the contact media 206 so as not 

to generate mist, or water particulates. It is also preferred not to have any liquid 

water phase in the air departing the DCCC 200. The air should carry water in its 

vapor-phase only. 

The sprinkler 208 has a set of sprinkler arms 244, 246, and 248, attached to a hub 

250 capable of free rotation, and preferably, parallel and close to the contact media 

206 such as one inch or closer, and about four inches or more below a gas outlet 
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207. The relative spaci~~:and the direction of the orifi~~:399 (Figure 3) help to 

prevent entrainment of mist in the air outlet 261. Thus, the air leaves at the outlet 

261 saturated and free from water particulates. 

An example of a suitable environment for the embodiment of Figure 2, is an air-water 

system with the following conditions: 

• Ambient air temperature: 18-25 C 

• Maximum rate of temperature ch~nge: + 3 C/hour 

· • Ambient relative humidity: 35-50% RH 

·• Maximum rate of relative humidity change: + 5% RH/hour 

• Maximum static pressure at output: 1 inch of water 

· • Temperature control range: 18-24 C ± 0.1 C 

·• Relative humidity: 35 to 50% RH ± 0.5% 

·• Maximum air capacity: 150 CFM 

Figure 3A is a top view of one embodiment of the rotatable sprinkler 308 in the 

cylindrical tower of the DCCC. As shown, in this embodiment, the sprinkler arms 

344, 346, and 348 attached to a hub 350 are 120 degrees from each other and the 

outer tips of the arms are preferably close, e.g., 1/8 inch from the tower walls 385. 

This arrangement when combined with the rotation of the arms promotes uniform 

distribution of the liquid on the tow~r packing in the cylindrical tower (Figures 1-2}. It 

is recognized that other arrangements and number(s} of sprinkler arms, such as one 

or more, e.g., four arms in a cross pattern would be also suitable to achieve uniform 

liquid distribution. Further, it is not necessary that the "sprinkler'' rotate as it might be 

a non-rotating shower head, e.g., shaped like a disk whose major surfaces are 

parallel to the contact media. 

Figure 38 is a cross-section of the sprinkler arm 344 taken on line A-A of Figure 3A. 

As shown in Figure 38, an orifice 399 is angled downward, not down or sideways, 

but between, for the following reasons. If the orifice points straight down at the 

contact media it will reduce the mist entrainment in the outlet gas, but will exert no 

component of rotational force on the sprinkler. If, however, the orifices 399 are at an 

angle as shown in Figures 38, 30, and SE, the mist entrainment-can be prevented, 
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plus the component of reactive force directed about the hub can exert rotational 

force to the sprinkler arm such that the sprinkler distributes the liquid uniformly over 

the contact media without the need for a separate motor. · 

Figure 3C is· a· cross-section of a sprinkler arm 344 taken on ·une B-B of Figure 38, 

showing the tightly spaced orifices 399 which enhance the uniform distribution of the 

liquid on the contact media. 

Figure 30 is a perspective view of the sprinkler arm 344 illustrating the direction and 

spacing of the orifices 399. In a preferred embodiment, the sprinkler 308 has a 

plurality of tightly space orifices 399, e.g., each 1/8 inch apart and 0.050 inches in 

diameter. 

Figure 3E is a cross-section of the sprinkler arm 344 showing its internal structure, 

including the common passage in the arm 344 for each of the orifices 399. 

Referring again to Figure 2, the gas leaving at the outlet 261 enters a duct 207. The 

air in the duct 207 travels to a heater 238 close to the exit of the duct 207. The 

heater 238 raises the air temperature to a desired value. The air is pulled into a 

blower 236, leaves duct 207 and enters a diffuser box 265, which has a sloped wall 

267 such that the air exiting from the diffuser box 267 through a filter 252 is uniformly. 

distributed on the process below the hood 255; 

Suitable filters for use in an air-water system include a HEPA filter with ·the required 

efficiency, or an ULPA (Ultra Low Penetration Air) filter having an efficiency of 

99.9995% or more for particulate diameters greater than 0.12 microns Qr another 

high efficiency air filter. 

The objective of the control system is to regulate the temperature and the relative 

humidity of the gas to user-defined set points, the desired values required by the 

process, and to adjust for disturbances to the system such as changes· in the 

temperature of the gas from the cleanroom or another supply source. 

The control systems are now discussed. In the first embodiment, a user sitting a 

computer 464 such as an IBM compatible computer with software described below 

and a conventional analog-to-digital (AID) converter such as the AT-MI0-16DE-10 

from National Instruments, which includes software, enters desired values for T set 

point and RH set point, by the keyboard and display monitor. As shown in Figure 1, 
. 

the temperature sensors 122 and 144 measure T saturation and T dry bulb of the 
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gas and output analog f~~dback signals proportional tb'.the temperatures to the 

analog-to-digital (AID) converter associated with the C()l'Jlputer 464. 

In one embodiment, the dry bulb temperature and relative humidity have been 

measured after the heater 138 and filter 152 with a combined temperature and 

humidity sensor 144 and 130 such as the HMP233 fromVaisala, Inc. This combined 

sensor 144 and 130 is preferably placed approximately 6 inches downstream of the 

filter 152 outlet. Although a relative humidity feedback signal is not used in the 

control, it is entered into the computer 464 for monitoring purposes. T saturation of 

the gas out shown in Figure 1 is determined indirectly by measuring the temperature 

of the saturated gas leaving the contactor 100 by temperature sensor 122 located 

just inside the gas-liquid contactor 100. One suitable temperat1:1re sensor is a 

resistive-temperature-device (RTO) such as the Style RB from Watlow.Gordon. 

Figure 4 illustrates the first embodiment of the control system suitable for use with 

the present invention. As shown in Figure 4, in the first embodiment, the control 

system includes an algorithm consisting of two feedback loops 466, 468, and a 

feedforward element 462, which transforms the T set point and RH set point into a 

corresponding saturation temperature set point 470 sent to comparator 460. The 

comparator 460 takes the difference between set point 470 and the feedback signal 

468, and outputs an error signal to a proportional-integral-derivative (PIO) 

compensator 456 which in turn outputs a command signal to the chiller 414 to adjust 

its cooling rate. As is known, a PIO takes the error signal: (1) multiplies it by a first 

constant; (2) integrates the error signal, and multiplies it by a second constant; and 

(3) takes the error signal's derivative, multiplies it by a third constant, and sums (1 ), 

(2), and.(3), which provides accurate and responsive control over a wide range of 
. . 

conditions. See Weber, An Introduction to Process Dynamics and Control (1973), 

which discusses PIO controllers in more detail, and is hereby incorporated by 

reference. 

Similarly, the comparator 458 takes the difference between T set point and.feedback 

signal 466 and outputs an error signal to a PIO compensator 454, which outputs a 

command signal to the heater 438 to adjust its heating rate. 

In one embodiment, the transformation to the saturation temperature set point 470 is 

achieved by use of empirical 'steam table' equations; which can be found in texts 
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s°Uch as Irvine & Liley, Steam and Gas Tables.with Computer Equations, Academic 

Press, 1984, which is hereby incorporated by reference. The two feedback loops 

466, 468, regulate the T dry bulb and T saturation of the outlet gas, while the 

feedfo.rward 462 ensures T dry bulb and T saturation yield the desired relative 

humidity RH set point defined by the user. 

One embodiment of real-time control software written in the C language is shown in 

the program listing below. The software includes a cooperative multitasking 

scheduler that executes six tasks. In a cooperative multitasking environment, the 

scheduler allocates use of the CPU to each of tasks so each task is given processing 

time and passes back control to scheduler after completion of the task. Each task is 

divided into states which execute in a short time period, so no ~ingle task 

monopolizes the CPU, and the tasks appear to be performed simultaneously. The 

software architecture is preferably simple to facilitate migration from a PC to an 

advanced microcontroller such as. the Microchip PIC17C756 by Microchip 

Technology, Inc. since all required hardware and so~are can be contained in a 

compact package. 

Figures 5A-5F show six tasks in state transition logic form performed by one 

embodiment of software implementing the present invention: 

·• Task o maintains a simple user interface for entering the T and RH set points and 

displaying T dry bulb, RH, and T sat1:1ration on the computer monitor and 

permitting shut down of the scheduler if the user presses the escape key on the 

computer. This turns off the chiller 414 and heater 438 and exits the control 

software. 

·• Task 1 includes a wait state 507 to initialize the system, including establishing 

communication with the sensors 144 and 130 before initiating control. After the 

system is initialized 509, Task 1 moves into control state 511 where Task 1 

executes the algorithm described in connection with Figure 4, including 

feedforward 462 and feedback loops 466, 468. 

-• Task 2 also includes a wait state 513 for the same reasons as for wait state 507. 

In this embodiment, temperature and humidity sensors 144 and 130 generate 

serial data so Task 2 must acquire both serial data and the analog signals of 
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. .j• '· ., 
r; . 

sensor 122. The preferred embodiment use only arialog sensors because this 

provides faster sensorxesponse and simplifies the code needed in Task 2. 
·:··.·_,. ·.· ;:·-

· • Tasks 3 and 4 convert the outputs from heater PIO 454 and chiller PIO 456 

shown in Figure 4 into pulse-width-modulated (PWM) signals. Horowitz & Hill, 

The Art of Electronics (1989) describes PWM signals and is incorporated by 

reference. The PWM signals permit the heater 438 a~d chiller 414 to interface to 

the computer 464 by conventional solid state relays appropriate for the heater 

438 and the chiller 414 selected such as those readily available from Continental 

Industries, Inc. or any appropriate power switching device. Considerations for 

selecting solid state relays for the heater and chiller are AC versus DC, maximum 

voltage, maximum current, and switching speed. The PWM. signals have been 

generated in software, but a more appropriate method would be to use a 

microcontroller with built-in PWM hardware. 

·• Task 5 includes wait state 541 until the user at the computer 464 presses an 

appropriate key to enable the logging of data, T dry bulb, RH, and T saturation. 

Once logging is enabled, Task 5 moves to states 545 where it continuously writes 

the data.to the computer hard disk. Another key press disables the logging and 

·Task 5 moves back to the wait state. Whether control is implemented on a PC or 

a microcontroller, it is not necessary to have Task 5. 

As mentioned previously, the microcontroller embodiment may be preferable to 

replace the personal computer to reduce cost and size. The user interface could be 

reduced to a LCD screen and push buttons. The computational requirements of the 

algorithm have been kept low enough to be performed by inexpensive 

microcontroller such as the Microchip Technology's part no~ PIC17C756. 

Figure 6 illustrates a second embodiment of control system suitable for use with the 

present invention. In this embodiment, the system controls T dry bulb and RH with 

two independent feedback loops 666 and 668. A controller 668 and 670 implement 

the comparators 658, 660, the compensation of PIO 654 and 656, and PWM signals 

driving the heater 638 and chiller 614. Honeywell IAC Division makes suitable single­

loop controllers such as the UDC1000 controller. Since this control system does not 

compensate for the coupling of the temperature and relative humidity, it is likely to 
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have decreased stability. The advantage of the second embodiment is that it can be 

readily constructed using commercially available components. 

The same type of temperature/humidity sensor discus$~d in the first embodiment 

can be used. The controllers 668 and 670 contain simple functions for setting the set 

points and reading the temperature and humidity sen~or; T saturation temperature is 

not used and need not be measured. The outputs of tf::le :controllers 668 and 670 are 
. ,. 

PWM signals which interface with ·the heater 638 and Jhe chiller 614 as described in 

the first embodiment. 
. ' 

Figure 7, a psychrometric chart, shows humification an,~ relates dry bulb temperature 

of air (abscissa) to specific humidity (ordinate) and % relative humidity: As shown in 

Figure 2 and7, the air entering inlet 202 of the DCCC 2·00 has a relative humidity of 

30% at an.initial dry bulb temperature of 17 C. This is point A shown in Figure 7. As 

discussed earlier, the air travels through the DCCC 200~ loses sensible heat, and 

gains vapor from the water contacting it until the air is fully saturated. The air leaves 

the DCCC 200 at outlet 207 at T saturation. This is point B shown in Figure 7. The 

wavy dotted line from A to a indicates that the actual temperature-humidity path is 

not known, nor is it necessary as long as air leaves the [)CCC 200 at outlet 207 at T 

saturation, that is, point B. Next, the heater 238 heats the outlet air from the DCCC 

200 to the desired dry bulb temperature T dry bulb and relative humidity RH shown 

as point C in Figure 7, which corresponds to T dry bulb and T saturation shown in 
. . 

the control diagram of Figure 4. 

Figure 8, a psychrometric chart, shows dehumidification:of air in a system of the 

present invention. As shown in Figure 2 and 8, the air entering inlet 202 of the DCCC 

200 has a relative humidity of 50% at a dry bulb temperature of 26 C. This is point X 

shown in Figure 8. As discussed earlier, the inlet air tr~v~~s through the DCCC 200, 

loses sensible heat, and gains vapor from the water co~tacting it until the air is fully 

saturated. The air leaves DCCC 200 at outlet 207 at te'llperature, T saturation. This 

is point Y shown in Figure 8. The wavy dotted line from X to Y indicates that the 

actual temperature humidity path is not known, nor is it necessary as long as the air 

leaves at outlet 207 at T saturation, that is, point B. Ne~t, the heater 238.shown in 

Figure 1 heats the outlet air from the DCCC 200 to desired dry bulb temperature T 

dry bulb and relative humidity RH, that is, point Z shown in Figure 8. It should be 

noted that point Z also corresponds to T dry bulb and 17 saturation shown in Figure 4. 
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Frgure 9 is a graph illustriting the results of decouplina r~lative humidity from 

temperature of air in the. ~mbodiment shown in Figure 2 .. As shown in Figure 9, the 

user defines RH set poinfand T set point (see Figures 4 and('.>) and tolerances of the 

air at a relative humidity of 45% ± 0.5% at 24 +0.1 C. Although T dry bulb, the actual 

temperature of the air delivered at t = O meets the user requirements, the actual 

relative humidity of air, RH, is 46%, and therefore fails to meet requirements. After 

less than about 10 minutes of control, however, the system brings relative humidity, 

RH, of the air within the tolerances established by the user. The temperature­

humidity path of the air shown in Figure 9 is the logged data obtained by execution of 

Task 5 of the software computer or microcontroller shown in Figure 5. 
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The following is a program li~ing of the 
software source code in C: 

File: Sched.c 

Bryan Wade . 
Schad is a cooperative multi-tasking scheduler-dispatcher. 
Tasks are in Iha form of state transition lciglc. Task s1ates are 
entered In the Ille Tuks.c and scheduUng.lnfo Is entered In this 
tile. · · ..................................................................... , 
#Include <Stdio.II> 
#Include <conlo.h> 
#Include <time.II> 
#include <dOS.h> 
#Include "sched.h' 
#Include "tasks.h" 
#include "mllllclk.h" 
/Jbegln: scheduler Info///////////////////////////////////////////////////////// 
#define NUM_TASKS 6 
#define STACK..MAX 2'NUM_ TASKS 
struct taskStruct task[NUM_ TASKS]=( 
rTsamp tlmeleft nextState priority timeSlncelast*/ 
(100, 0, 

taskOstateO, 5 
,0 }, 
{200, 0, 

task1 stateO, 4 
,0 }, 
(250, 0, 

task2stateO, 3 
,0 }, 
(1, 0, 

tiisk3state0, 2 
,0 }, 
(1, 0, 

task4state0, 
,0 
{2000, 0, 

}, 
task5state0, 

6 
,0 

. }; 
//end: scheduler Info///////////////////////////////////////////////////////// 
Int StopFlag=O; 
Int maln(vold)( 

lntdt; 
lntt, 
int stack(STACK..MAXJ; 
Int stacklndex=EMPTY; 
Int fgQueue(NUM_TASKS]; 
Int bgQueue[NUM_TASKS]; 
Int bglndex=D; 
intnumFG; 
intnumBG; 
unsigned long tukCount{NUM_TASKS]; 
unsigned long puses=O; 
unsigned long startTime; 
fillQueues(fgQueue, &numFG, bgQueue, &numBG, 

taskCount); 
initiallza.UonTaskO; 

startTlme = O; 
setupMiHiClockO: 
while (IStopFlag){ 
//update time stuff 
dt"' MllllClock(O); 
passes++; 
for (l=O;l<NUM_TASKS;I++){ 

task[l).tlmeSlnceLast += di; 
l 
//add states to the stack In order of priority 
if (stacklndex >- STACK...MAX) { · 

StopSchedu&ng(STACK..STOP); 
break; 

} 
for(l=O;l<numFG;I++)( 

task[fgQueue(l]J.timeLeft ·= di; 
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if (task(lgQueue[ij].tlmeLeft 

stack(+,~cklndex)=lgQueue[I); 

task[fgQUeue[i]].timeleft = tasl(fgQueue(iD.Tsamp; 
. } 

} 
//prQce$S the stack 
if (.stacklndexl=EMPTY){ 

}else( 

//run the task at the top of the stack 
r(task[stack[O)].nextS1ate))0; 
task(stack[OD;tlmeSlnc:eWt .. o; 
taskCount(stack(OD++; 
//update the queue 
for (l=O;l<stacklndex;I++ ){ 

stack[l]=stack[l+ 1 ]; 
} 
stacklndex-; 

//run background task 
if (numBG>O) { 

{*(task[bgQueue{bglndex)].nextState))(); 

task(bgQueue[bglndexD.tlmeSlnceLast = O; 

taskCount1bgQueue[bglndex])++; 
· bglndex• 

(bglndex:=numBG-1) ? o : bglndex+ 1; 
} 

} 
} 

shutdownScheduler(startTime,pesses,tukCount,stacklndex); 
shutdownTask(); · 

returno; 
} 
l/ll/llllllllllllllllllllll/ll/lll/ll/lll/lllllll//l/IJlllllllllllllll/lll/lllll 
void fillQueues(int* fgQueue,lnt" numFG,int* bgQueue,lnt* 
numBG, 

return; 

unsigned long • taskCount) { 
lntl,p; 
lntbQ!"O; 
lntlg--O; 
//load the Queues 
for (l=O;' l<NUM_ TASKS; I++)( 

p:tuk{l).priorlty; 
lf{p==O) { 

}else{ 

bgQueue[bg] = i; 
bg++; 

lgQueue[p-1) = i; 
. fg++; 

} 
taskCount(l]=O; 

} 
•numBG=bg; 
•numFG..tg; 

} 
lllJlllllll/llll/l/ll/l/ll/lllllllllllllllllllllllllll/llJ/lllllllllllllllll/lll 
void shutdownSCheduler(unslgned long startTime, unsigned long 
puses, 

unsigned long• tasll.Count, int 
stacklndex)( 

float elapsedTlme; 
Intl; . 
char buffer[20]; 
staitTim.,;.o; 
elapndTlme=(lloat)((clock()-startTlme)ICLK_TCK); 
switch (StopFlag){ 

case USEFl....STOP: 
sprlntl(buffer, "Unr Requested1; break; 

. case STACK..STOP: 
sprlntf(buffer, "Task Stack Full"); break; 

case FIL~STOP: sprintl(buffer,'File 
Error"); break; 
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case COM.M..$TPP: 
sprintf(buffer;eomriiunlcation Error");breek; 
} 
clrscr(); 
prlntr("\n\n~···••• ....... - .................... "'\n.); 
prlntf('\t\t Scheduler Shutdown: %s \n" ,buffer); 
prJntf('\l\r**'**••-•• ............................ "\n .. ); 
If (ShutdownMIDIClock()) 

prlntf("\t\ITlmer ISR tennlnated 
nonnally.\n\n"); 

prlntf(~·-····-.............................. 9\rt); 
prlnlf('\t\t Scheduing Statistics \n'); 
prlntf("\t\t••• ... •• .. ••••••••-••• ................. 9\11.); 
printf("\l\tElapsed Time: 

%8.31\n",elapsecJTlme); 
printf("\t\tScheduler Avg Scan Time: 

%8.31\n" ,elapsecJTlme•1000/((float)passes+EPS)); 
for (l=O;l<NUM_TASKS;i++)( 

prlntf("\t\tTask%d Avg Sample Time: 
%8.31\n',I, 

· elapsec1Tlme•1000J((floal)(taskCount{ID+EPS)); 
} 
printf('\t\tTasks Currently in Slack: 

%cl\n" .stacklndex+ 1); 
} . 

llll/l/lllllllllllll//llll/llllllJll/ll/l//ll/Jlllll/IJllll/lllllll/l/llllllll/I 
void StopScheduUng(lnl stcpType){ 

StcpFlag=stopType; 

r·····-···-••••***"***°8:*•********"-•••H**"******•***•••-•*** 

Fiie: Tasks.c 

Bryan Wade 
Tasks Is the file where tasks are entered for Schad. Tasks are 
In the form 
of slate transition logic. Each state Is a function which contains 
ENTRY, 
ACTIO~-and EXIT sections along with other Info for the 
scheduler. Any datawhlch needs to be shared between tasks is 
defined as a global variable. 
TaskO- User Interface 
Task1 -ControlAlgorithm 
Tasl<2 - Read Sensors 
Task3-Alr Heater PWM 
Task4- Water Chiller PWM 
TaskS- Data Collectlon ................................. , 
#Include <Stdlo.h> 
#Include <dos.h> 
#include <malh.h> 
#include 'sched.h' 
#include "lasks.h' 
#include "lpUo.h' 
#Include "screen.h" 
#Include 'lhc_fcns.h" 
/"The following 2 files contain code the National lns1ruments 
data aqulsllon board. The Illes are obtained from National 
Instruments.•/ 
#Include 'nldaq.h9 

#Include "nlclaqcns.h' 
#define CR OxOO 
//begin: task1 global varsllllllllllllllllllllllllllllll/llllJllllllllllllllllll 
#clellne KPT AIR .32 
#define KITAIR .0015 
#define KOT AIR 0.01 
#define TAIR_IUM .3 
#define KFHEAT1 0.048 
#define KFHEAT2 -0.341 
#define KFHEAT3 6.710 
float TalrSelpolnta24; 
float TalrError=O; 
float TalrErrorlnt=O; 
float TalrZerolnt =O; 
float TalrErrorDeriv=O; 
float TalrErrorPrev=O; 
float DutyHeaterPredlcted=O; 
float OutyHeater=O; 
#define KPTSAT .45 
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#define KITSA,T, ;!J02 
#define KDTSAT 0.01 
#define TSAT _ILIM .3 
#define KFCHILL 1 -0.1156 
#define KFCHILL2 1.5200 
float RHSelpoint-=45; 
floal TsatSelpolnt=O; 
float TsatError=O; 
float Tsaterrorlnt=O; 
float TsatZerolnt .. o; 
float TsatErrorOeilv--O; 
float TsatErrorPrev..O; 
float DutyChlllerPredlcted=O; 
float DutyChlller=O; 
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//begin: task2 global varslll/lllllll/llllllllll/lllllllllllll/llllll/llllllll/I 
#define Al_DEVICE 1 
#define Al_CHAN . 0 
#define Al_GAIN 1 
#define TSAT_SLOPE 7.888 
#defineTSAT_INT -7.500 
Int value; 
double volts; 
llOat TalrMeasured=O; 
float RHMeasured=O; 
float TsatMeasured=O; 
int Commlnltlallzed=FALSE; 
//begin: task3 gtObal varslllll/l/llllll/llllllllllllllllllllllll/lll/ll/lllll/I 
Int OulputHeater--0; 
float EnableHeater=O; 
float TimerHeeter=o; 
float TlmeOffHeater=O; 
float PeriodHeate,..400; 
//begin: task4 global varsll/l////////lllllllllllilllllllllllll/Jlllllllllllllll 
lnl OulpulChlller=O; · 
float EnableChlOer=O; 
float TimerChtller=O; 
float TlmeOffChiller=O; 
float PerlodChiller--400; 
//begin: task5 global varsllll/l/lllllll/llllll/l/llll/llllllllllll/llll/llllll/ 
#define MAX_DATA_COUNT 2000 
float ColleCIOala=O; 
int DataCount=O; 
lloal DataTlme=D; 
float Dala1 [MAX_OAT A...COUNT); 
floal Oala2[MAX_OATA_COUNT); 
float Dala3[MAX_DATA...COUNT); 
float Data4[MAX_DATA...COUNTJ: 
lloal Data5[MAX_OATA_COUNTJ; 
float Dala6[MAX_DATA_COUNT]; 
lloal Data7[MAX...DATA...COUNT]; 
//begin: taskO global varsl//ll//l/lllll/llllll/IJJlllllllllll/JJlllllllllllllll 
Int escKeyHit=O; . 
#define NUM_MSG 9 
strucl ScreenMsg msg[NUM__MSGJ={ 
{ 'Environmental Control Unit", 22, 1 ), 
{ 'OPERATING SETPOINTS', 4, 3), 
{ 'CONTROL PARAMETERS', 4, 7}, 
{ "OUTPUT PARAMEJ"ERS", 4, 12), 
( 'DATA CO!J.ECTION", 4, 19), 
( "SENSOR READINGS", 47, 3}, 
( 'INTERMEDIATE VALUES', 47, B), 
( 'OUTPUTVALUES", 47, 16}, 
( 'PRESS [ESC] TO EXIT', 28, 25} 
}; 
#define NUM_IN 9 
atrucl Screenlnput11em lnltem[NUM_INJ=( 
( 'TEMP Setpl', . 4, .05, 0, 

100, & Talrsetpolnl}, 
( "RH Selpt', . 5, .25, O, 

100, &RHSetpolnt), 
'Zero Tdry", .. 8, 1, 0, 
100, &TalrZerolnl}, 
'Zero Tsat', 9, 1, o, 
100, &TsalZerolnl}, 
"EnableH',13, 1, 0, 1, 
&EnableHeater}, 
"Enable C", 14, . 1, 0, 1, 
&EnableChlller}, 
"Perloci H', 18, 10, 10, 5000, 
&PerlodHeater}, 
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10; 

{ 

}; 

'Period C', 17, 
&PerlodChlller}, 
'Enable', .. 20,. 

&CollectData} 1, 

#define NUM_OUT 11 

10, 

. 1, 

struct ScreenOutpuUtem outltem[NUM_OUTJ={ 

5000, 

0, 

{ 'RH Meas', 5,NULL, &RHMeasured), 
{ 'Talr Meas' ,4,NULL, &TafrMeasilrad}, 
{ 'Tsat Meas' ,6,NULL. &TiitMeasured}, 
{ 'Tilir lntgr',9,NULL, &TalrErrorlnt), 
( 'H Duty ••, 1 O,NULL, &OutyHeaterPredlcted), 
( 'Tsat Setpt', 12,NULL, &TiatSetpolrit}, . 
( 'Tsatlntgr', 13,NULL. &TsatErrorlnt}, 
( ·c Duly ••• 14,NULL, &Oiit)'(:l)llerPredlcted}. 
( 'H Duly',17,NULL, &OutyHeater}, .. 
{ 'C Duly', 18,NULL, &DutyChlller}, 
{ 'Dat8 Count',20, &DataCount, 

NULL} 
}; 
//begin: taskO stateslllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
void taskOstateOQ( static cont= FALSE; · 

If (conl=FALSE)( 
cont=TRUE; 
//begin: ENTRY fUnction 
SetupScreen(msg;NUMJASG, 

lnltem,NUM_IN, outttem,NUM_OUT, 

&escKeyHit, NULL); 
/lend: ENTRY function 

} 
//begin: ACTION function 
DoScreenlnpul(); 
DoScreenOutput(); 
/lend: ACTION function 
II (eicKeyHlt){ 

} 

//begin: EXIT function 
StopSchedulng(US~STOP); 
/lend: EXIT funcUori 
cont=FALSE; 
task[O).nextState "' taskOstaleO; 

if (ICommlnitlalizecl)( . 
//bSgin: EXIT function 
StopSchedulng(COMM_STOP); 
I/end:. EXIT FUNCTION 
conl=FALSE; . 
task[O].nextState = taskOslateO; 

} . 
//begin: task1 stateslllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
void task1 stateO()( static cont = FALSE; . 

} 

} . 

If (cont=FALSE)( 
cont= TRUE; 
//begin: ENTRY function 
/lend: ENTRY function 

//begin: ACTION function 
/lend: ACTION function 
If (CommlnlllaDzed){ . 

//be91n: EXfT function 
//end: EXIT function 
cont= FALSE; 
task[1 ).nextState:: taik1 state1; 

void task1 state1 (){static cont= FALSE; 
If (coilt=FALSE)( 
cont= TRUE; . 

} 

//begin: ENTRY function 
/lend: ENTRY funcllon 

//begin:· ACTION function . 
Ill ORV BULB TEMPERATURE CONTROL: PIO w/ 

FF// 
rcompute P term ·1 

TairError = TalrSetpolnt-TalrMeasured; 
rcompute I term*/ 

TairErrorlnt += 
TalrError*(float)(task(1 ].tlmeSinceLast)/1000; 
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If (TeirZerolnt II fabs(TallError)>TAIR.JLIM)( 
TalrErrorlnt=O.; 

. rcompu1e o term*/ 
TalrErrorOerlv .. (TalrError - · 

TalrErrorPrev}l((flc)at)(taik[1].timeSlnceLilst)/1000); 
TalrErrorPrev ;= TafrError; 

rcompute Feedforward*/ 
OutyHeaterPredlct&d = KFHEAT1'(TalrSetpoint­

(1.+KFHEAT2)*TsatMeasured-KFHEAT3); 
. . reompute Output*/ 

DutyHeater = KPTAIR'TalrError + 
KIT AIR*TairErrorlnt + KOT AIA"TairErrorDerlv 

setpoint"/ 

+ 
0

DutyHeaterPredlcled; 
If (OutyHeater<O) DutyHeater=O.; · 
else If (DutyHeater> 1.) DiJtyHeeter=1.; 

11111111 SAT TEMPERATURE CONTROL: PIO w/ FF Ill 
roeterrnine Tsat 

TsatSetpoint = . 
Tsat_steainTable(RHS&tpoint/100. "PsaLiteamTable(TalrSe1pol 
nt+273.18))·2~.16; . ., 
., 

rcompute P term 

TsatError = TsatSetpolnt - TsatMeasured; 
rcompute I term 

TsatErrorlnt += 
TsatError*(lloat)(task{1].timeSlnceLast)l1000; 

if (TsatZerolnt II labs(TsatError)> TSAT _ILIM){ 
· TsetError1m;.o~; 

rcompute D term ., 
TsatErrorDerlv = (TsatError -

TsatErrorPrev)/((floal)(task(1 ].tlmeSinceLast)/1000); 
TsatErrorPrev = TsatError; 

Feedforwiird "/ 
rcompute 

DutyChlllerPredlcled = KFCHILL1*TsatSetpolnt + 
KFCHILL2; 

rcompute Output ., 
DutyChlOer = KPTSAT*TsatError + . 

KITSAT*TsatErrorlnt + KDTSAT*TsatErrorDerlv 

} 

+ OulyChlllerPredlcted; 
If {DulyChmer<O) DutyChiDer=O.; 
else If (OutyChlDeD 1.) DutyChller=1.0; 
//end: ACTION function 
lf(FALSE) 
{ . 

//begin: EXIT function 
/lend: EXIT function 
cont= FALSE; 
task(1 ).nexlSlate = task1 state1; 

//begin: task2 stateslll////////////////llllllll/lllllllllllllllllllllllllllllll 
void task2state00( static cont= FALSE; 

} 

If (cont=FALSE)( 
cont= TRUE; 

) 

//begin: ENTRY function 
//end: ENTRY function 

//begin: ACTION function 
/lend: ACTION function 
If (CommlnltlaDzed)( 

//begin: EXIT function 
/lend: EXfT function 
conl=FALSE; 
task[2].nextStalB = task2state1; 

void task2state1 ()( static cont= FALSE; 
if (cont=FALSE){ 

cont-TRUE; 
//begin: ENTRY function 
txChar('S'); 
txChar('E'); 
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} 

txChar('N'); · . 
txChar('D'); ·, · . 
txChar(CA); 
//end: ENTRY function 

//begin: ACTION function 
//end: ACTION function 
if (TRUE){ 

//begin: EXIT function 
if 

(getHMP230Aeadings(&AHMeasured,&TalrMeasured)) ( 

) 

StopSchedunng(COMM_STOP); 
} 
//end: EXIT function 
c:ont=FALSE; 
task(2).neJCtState = task2state2; 

void task2state20{ static cont= FALSE; 
if (cont=FALSE)( 

cont= TRUE; 
//begin: ENTRY function 
ALClear(Al_DEVlcE); 

Al_Read(Al_DEVICE,Al_CHAN,Al_GAIN,&value); 

Al_ VScale(Al_DEVICE,Al_CHAN,Al_GAIN, 1,0.0,val 
ue,&voHs); 

TSAT_JNT; 
TsatMeasured = TSAT _SLOPE"volts + 

//end: ENTRY function 

} 

} 
//begin: ACTION function 
//end: ACTION function 
lf(TRUE)( 

//begin: EXIT function 
//end: EXIT funclion 
cont=FALSE; 
task[2J.nextState = task2state1; 

//begin: task3 states/////////////////////////////////////////////////////////// 
void task3state00( static cont= FALSE; 

} 

if (cont==FALSE){ 
cont=TAUE; 

} 

//begin: ENTRY function 
Pln21oO; 
OUlputHeater=O; 
//end: ENTRY function 

//begin: ACTION function 
//end: ACTION function 
II (EnebleHeater=1.)( 

//begin: EXIT function 
//end: EXIT function 
cont=FALSE; 
1aSk{3).nextState = task3state1; 

void task3state1(){ static cont= FALSE; 
It (cont=FALSE){ 

com.. TRUE; 
//begin: ENTRY function 
TlmerHeater=O; 

TimeOffHeater=DutyHeater"PerlodHeater; 
Pln2hlO; 
OutputHeater=1; 
//end: ENTRY function 

) 
//begin: ACTION function 
TlmerHeater+= (float)task[3J.tlmeSlnceLast; · 
//end: ACTION function 
If (TlmerHeater> TlmeOffHeater && 

DutyHeater>=1.){ 
//begin: EXIT function 
//end: EXIT function 
cont=FALSE; 
task[3).nextState = task3state1; 
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} ......... ·., . 

if (Tlmeitteater> TlmeOffHeater && DulyHeater<1.)( 
//begin: EXIT function 
//end: EXIT function 
cont=FALSE; 
task(SJ.neidstate = 111sk3state2; 

} 
If (EnableHeater<1)( 

//begin: .EXIT function 
//end: EXIT function 
cont=FALSE; 
task(S).nextState = task3stateO; 

void task3state2()( static cont= FALSE; 

} 

if (cont-FALSE)( 
cont=TRUE; 

) 

//begin: ENTRY function 
Pln21o(); 
OutpulHeater=O; 
//end: ENTRY function 

//begin: ACTION function 
TlmerHeater+= (float)task[3].timeSincelast; 
//end: ACTION function 
If (TlmerHeater>PerlodHeater && OulyHeater<=O)( 

//begin: EXIT function 
//end: EXIT function 
cont= FALSE; 
tasl<[3].nextState = task3state2; 

) 
If (TimerHeater>PerlodHeater && DutyHeateDO){ 

//begin: EXIT function 
//end: EXIT fUnctlon 
cont=FALSE; 
task[3].nextState = task3state1; 

//begin: task4 states/////////////////////////////////////////////////////////// 
void task4state00{ static cont= FALSE; 

) 

If {cont==FALSE){ 
cont= TRUE; 

} 

//begin: ENTRY function 
Pin31o(); 
OutputChllier=O; 
//end: ENTRY function 

//begin: ACTION function 
//end: ACTION function 
If (EnableChlller==1.)( 

//begin: EXIT function 
//end: EXIT function 
cont=FALSE; 
task{4J.nextState = task4state1; 

void task4state1 (){ static cont= FALSE; 
if (cont=FALSE)( 

cont=TAUE; 

) 

//begin: ENTRY function 
TlmerChlller=O; 
T""80ffChller=DulyChiller"PeriodChlller; 
Pln3hl(); 
OutputChlller=1 ; 
//end: ENTRYfunction 

//begin: ACTION function 
TlmerChlDer+= {float)task[4).tlm8Slncelast; 
//end: ACTION function 
II (TlmarChlller> TlrneOffChllier && Out)'Chlller>=1.)( 

//begin: EXIT function 
//end: EXIT function 
cont= FALSE; 
task[4].nextState = task4state1; 

} 
If (TlmerChilier> TimeOffChlller && DulyChlller<1.)( 

//begin: EXIT function 
//end: EXIT function 
cont=FALSE; 
task[4].nextState = task4state2; 
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} 

} 
If (EnableChilfer<1 ){ 

//begin: EXrr function 
//end: · EXIT functkin 

. cont=FALSE· 
taslc(4MextState = talik4stateO; 

void task4state2()( static cont = FALSE; 
if (cont==FALSE){ 

cont== TRUE; 

} 

//begin: ENTRY function 
Pln3k>(); 
OutputChlller==O; 
//end: ·ENTRY function 

//begin: ACTION function 
TimerCliiUer+m (float)1ask(4].tlmeSlncel.ast; 
I/end: ACTION function 
if ffimerChlller>PerlodChHler && DutyChiller<=-0)( 

//begin: EXIT function 
I/end: EXrr function 
cont==FALSE; . 
task(4).nextState = task4slate2; 

} 
if ffimerChlller>PeriodChlller && DutyChiller>O){ 

//begin: EXrr function 
I/end: EXIT function 
conl==FALSE; 
task(4].nextState = task4state1; 

} ' 

//begin: task5 sflltes///IJlllllllJ/J/IJ/J/l/l/lllllllllJJJ/JJ/IJJllJllllJlllJ/JJ 
void task5state0(){ stallC cont = FALSE; 

} 

if (conl===FALSJE)( 
cont==TRUE; 

} 

//begin: ENTRY function 
DataCounl==O; 
//end: ENTRY function 

/Jbegin: ACTION function 
DataCounl==O; 
//end: ACTION function 
if (CollectData== TRUE){ 

//begin: exrr function 
//end: EXIT function 
conteFALSE; 
task[5).n9idStete = task5state1; 

void task5state1 (){ static cont= FALSE; 
If (cont===FALSE){ 

cont.. TRUE; 

} 

//begin: ENTRY function 
DataTirne=O; 
//end: ENTRY function 

//begin: ACTION function 
DataTlm- (float)(task(SJ.timeSinceLast)/1000.; 
If (DataCount<MAX....DATA....COUNT) { 

Data1(DetaCount)=DataTlme; 
Data2[DataCount)= TalrMeasured; 
Data3[DataCount)=TalrSetpoint; 
Data4[DataCount]=TsatMeasured; 
Data5[DataCount)= TsatSetpoint; 
Data6[DataCount)=RHMeasured; 
Data7[DataCount++J=RHSetpolnt; 

) ' ' 

· //end: ACTION function 
if (CollectDafJl==FALSE)( 

} 
} 

//begin: EXrr function 
//end: · EXrr function 
cont==FALSE; 
task[5).nextState = taskSstateO; 

//begin: lnlUallDtionTas'd/J//////////////////////////////////////////////// 
void lnlUallzationTask() ( · 

//lnltlallze serial comm 
lnltCommunlcatlons(); 
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} 

Commlnitiallzed=TRUE; 
//Initialize DAQ 
. USE .. .ELSerles_AI(); 
Al_Cle!ilr(ALDEVICE); 
//inlUallze Screen · 
clrscr(); 
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//begin: shutdawnTask//////////////////////J/J//J/J///J////J///J/JJ/J/11 
void shutdownTask() ( 

int ix; 
RLE·*fp; 

11Set a11 outputs 1ow 
Pin2io(); 
Pl~lo(); 
//Write data to file 
fp=fopen("data.txt". "wt"); 
for (l»=o; ix<DataCount; Ix++) { 

fprlntf(fp, '%1\t%1\t%1\t%f\t%1\t%1\t%f\n' ,Date1 (lx),Data 
2[ix],Data3(1x], 

Data4(ix),Data5[1x},Data6[1X],Data7(ixD; 
} ' 

fclose(fp); 

r ................................................ - ................. . 
File: Screen.c 

Bryan Wade 
Creates a simple text ul for real-time systems. The Interface 
entitles are 1) static messeges (e.g. a title), 2) outputs with 
labels, 
3) inputs with labels (Increment/decrement by user-defined 
amount), and 4) · 
access to the ESC key. 
Use: 
1)#include •screen.h" 
2)deflne struct arrays: ScreenMsgD,Screenltema (Inputs) 
ScreenllemD (outputs) 
3)vold SetupSc~n(struct ScreenMsg• msg, Int numMsgs, struct 
Screenlnputltem Input, . 

int numlnputs, struct SCreenOutputltem• 
output; int numOutpus, Int* ESC_flag); 
4)void DoScreenlnputs(); 
process keyboard buffer for Input commands 
S)vold DoScreen0utputs0; 
updates outputs (one output per cal~ .................. ~~ ........................................... , 
#Include <eonlo.h> 
#Include <Stdlo.h> 
#Include •screen.h" 
static struct ScreenMsg* msg; 
static Int maxMsglndex; 
static struct Screenll'!pufltem• lnltem; 
static Int maxlnputlndex; · 
static struct ScreenOutputltem• outltem; 
static Int maxOutpUtlndex; 
static Int' escFlag; 
static Int' spaceFlag; 
/llllJ/llll/llll///lllll/IJlll/lllll/l/J/llllll/JlllllJ/J/I 
void DoScreenlnput()( 

Into;· 
static Int lnclex=O; 
while(kbhitO){ 

c=getch(); 
switch(c)( 

case UP: 

gotoxy(INPUT_CURS_COL,lnltempndex].pos); 

prlntl(" "); 

Index= (Index ==O)? maxlnputlndex : index-1; 

gotoxy(INPUT _CURS_COL,lnltem{lndex}.pos); 

prlntf('>'); 
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break; 

gotoxy(INPUT _CURS_COL,lnltempnclex].pos); 

printf{" "); 

index= {Index =maxlnputlndex)? O : Index+ 1; 

gotoxy{INPUT _CURS_COL,inllem[lndex].pos); 

printf("> "); 

break; 
case LEFT: 

0 (inltem(inclex).acldress) .... lnltempnclex).della; 
if ("(lnltem[lndex).acldress) < lnltem{lndex).min){ 

0 (inltem[lnclex).address) = 
inltem[index).min;} 

gotoxy(INPUT _VALU_COL,lnltem(index].pos); 

prlnlf("%7.2f •: (lnltempndex].address)); 

break; 
case RIGHT: 

"(inltem(lndex).address)+=inltem[lndex].della; 
if (*(inltem[lndex).address) > inltempndex].max){ 

0 {ln1tem(inclex).address) = 
inltem[lndex].max;} 

) 

gotoxy(INPUT _VALU_COL,inltem[lndex].pos); 

prlnlf("%7 .2f • ,*(lnttempndex).address)); 

break; 

"escFlag=1; 

break; 

•spaceFlag=1; 

break; 

caseESC: 

case SPACE: 

) 
lllllll/lll/ll/l/l///lllll//lll/l/l/llllllll/llllllll/lll/llllll/l/lll/l/I/ 
void DoScreenOUlpUI(}{ 

static Int lndeX=O; 
gotoxy(OUTPUT_VALU_COL,ouUtempnclex].pos); 
If (outltem[lndex].IPll'l=NULL) 

prlntf("%d • :(outltempndex].IPlr)); 
else 

prlntf{'%7.2f ',"(outttempndex].fPlr)); 
Index= (lndex<maxOutputlndex) ? index+ 1: O; 

} 
lllllllll/llllllllllllllllllllll/lll/lllllll/lllllllllllll/llllll/lllllllll 
void SetupScreen(struct ScreenMsg" m, Int nm, strucl 
Screenlnputttem• l~lnt n~ 

struct ScreenOutputltem• ol,lnt no, int* e, Int" spc)( 
Inti; 
//set the global ptrs 
msg=m; 
maxMsglndex= nm·1; 
in1te111=1i; 
maxlnputtndex=ni-1; 
outltem=ol; 
maxOutputlnde»=no-1; 
escFlag=e; 
spaceFlag = spc; 
//sebJp messages 
for (l=O; l<=maxMsglnclex; I++){ 
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gotoxy(msg(Q.x,msg[i).y); 
prlntf('%s" ,msg(Q.text); 

//setup Inputs 
for (l=O; 1-maxlnputlndex; I++){ 

gotoxy(INPUT _NAM!LCOL,inltem[Q.pos); 
prlntf('%s",inltem[Q.name); 
gotoxy(INPUT _VALU_COL,inltem[i).pos); 
prlntf('%7.2t","(inltemP).address)); 

} 

gotoxy(INPUT_CURS_COL,lnltem[O].pos); 
prlntf('>'}; 
//setup outputs 
for (l=O; i<=maxOutputlndex; i++ ){ 

gotoxy(OUTPUT_NAM!LCOL,outltemp].pos); 
prlntf('%s' ,outltem[i].name); 

gotoxy(OUTPUT _ VALU_COL,outltem[l].pos); 
if {outltem[i).IPtrl=NULL) 
prlnlf('%d ':(outltem[l].IPlr)); 

else 
printf{'ll'-7.2f ',*(outltem[iJ.fPtr)); 

r .................... _ ............. _. .. _ .......................... . 
File: Thc_fcns.c 

Wade 
This file contains functions for the DCCC controller. 
This Includes lhe steam table equations and routines for 
communicating with 
the HMP2SO S9J1SOr • 

Bryan 

...................... -.................. _ .............................. , 
#include "thc_fcns.h" 
#Include <math.II> 
#include 'bios.h' 
#Include <Strlng.h> 
#define COMO //O=COM1, 1 =COM2 
#define TRUE 1 
#define FALSE 0 
#define CR OxOD 
#define NUL 0 
#define READY_TO_WRITE 0lc2000 
#define DATA..READY OX100 
rTlle following equations are based on material in the text: 
_Steam and Gas Tables with Computer ControL Irvine and 
Uley, 1984 • . , 
float 
TsaLsteamTable(float P){ 

const double A= .42677682; 
const double B.; -.38927084; 
const double C = -.94865e1; 

return A+ B/(log(P) + C); 
} 
float 
PsaLsteamTable(lloat T){ 

return 

const.lloat AO= .104S92e.2; 
const float A1 = -.404897e-2; 
const iloat A2 = -.4175208-4; 
const float A3 = .368510e-6; 
const float AA= -.1015208-8; 
const float A5 = ..86581 Oe-12; 
const float AS= .908688e·15; 
const float A7 = -.1996908-17; 
const float AB= .779287e·21; 
const float AB= .191482e-24; 
const float A10= -.396806e4; 
const float A11= .89573582; 

exp(AO+A1"T +A2°pow{T,2.)+.A3"pow(T,3.)+A4"pow{T,4.)+A5"po 
w(T,5.)+ 

A6"pow(T,6.)+A7°pow(T,7.)+AB"pow(T,8.)+A9"pow(T 
,9.)+A10/(T-A11) ); 
} 
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void 
lnllCommunlcatloris(vold}( 

Int lnlLdata, doneflag; 
char ch, buf[10); 
unsigned Int lx=O,trl&s; 
lniLdata .. LCOM_CH~ I _COM_STOP1 I 

_COM_NOPARITY j_COM_9600); . :. . 
_bios_senak:om(_COM_INIT, COM, inlLdata ); 
//Repeat request until get a good response 

at first) 
//(Some times HMP230 takes a couple tries to work 

for (doneflag=FALSE;doneflag=TRUE;) !-· 
txChar(CR); · 
txChar('S'); 
txChar('E'); 
biChar('N'); 
txCher('D'); 
txCher(CR); 
for QXaO,trt.,;o;. ix<11 ;) ( 

ch=txCherO; 

} 

ii (chl=!llUL) buf[lx++ )=ch; 
ii (++trle1>20000) break; 

ii (bul{3]='.' && bul[3)=='.') 
doneflag=TRUE; 

} 
} 
char 
rxCher(void)( 

char ch; 
unsigned Int status; 
status= _bios_serialcom(_COM_STATUS, COM, 

O); 
If (status & DATA...READY)( 

ch=Ox7f& 
_blos_serlalcom(_COM_RECEIVE, COM, O); 

· return(ch); · · 
) 

return(NUL); 
} 
void 
txCher(char ch){ 

unsigned int status; 
//wait 

. status= READY _TO_WRITE & _blos_serialcom( 
_COM_STATUS, COM, 0 ); 
. . whlle(statusl=READY_TO_WRITE&&O)(. 

status= READY_ TO_WRJTE & 
_blos_serlalccm LCOM_STATUS, COM, O); 

} 

} 
int 

//send char 
_bios_serialcom( _COM_SEND, COM, ch); 

getHMP230Readlngs(float •rh, float •t) { 
char ch, buf[1 OJ; 
unsigned Int lx=O,trles; 

for (IX=O,trlea=O; ix<6;) ( 
ch=txCharO; 
II (chl=NUL) ( 

buf[lx++]=ch; 
} 
If (++trleS>40000) ( 

. txChar(CR); 
retl.imO; 

} 
buf(lx)=NUL; 
If (buf[3] = '. ') *rh= atof(buf); 
else 

returno; 
for (lx=O,trlea=O; lx<S;) { 

ch=rxCherO; 
If (chl=NUL) { 

bul(ix++]=ch; 
) 
if (++trleS>40000) { 

txChar(CR); 
returnO; 
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retumO; 

} 
bul[lx)=NUL; 
If (buf[2) = '.') 

}. . •. 

•t= atof(bul); 

r~·· ... ······-·~~~~~ ........................................... . 
File: Mllllclk.c 

Wade 
MHUclk Uses the timer Interrupt to maintain a 1:ms 
resolution clock. ··. · 
l/ae: 
1) #Include "mllllcQc;h" 

Bryan 

2)vold SetupMllllClock(); sets up timer interrupt and resets clock · 
too 
3)1nt MllliClock(1); gets time (ms) since last reset 
4)1nt MIUiClock(O); gets lime (ms) since last reset & resets 
clocktoO 
5)vold ShutdowriMH~Clock(); resets Interrupt to DOS 
default - very lnip0r1antl 
...................... ~·~••11••• .. ••1t•••···-·······••1t••·········1 
#Include <dos.h> 
#include "mllllcllCh" · · 
void Interrupt ("okl_vect)O; 
static Int oount; 
static Int mi11ICowit; 
static int runnlng..;o; 
llllllllllllllllllllllllll/llll/lllllllll/lllllll/lllllllllll/l/llllllllllllllll 
void SetupMilliClockO( 

It (lruni'ling) { 

) . 

mllUCount = O; 
old_vect-:getvecl{CK... VECT); 
dlsableO; 
setvect(CK_VECT, timer.JSR); 
setalaim(1.0); 
enable(); 
running=1; 

llllllllllllllllll/lllllllllllllll/lllllllllllllllllllllllll/lllllllllllllllllll 
lilt ShutdownMUHCIOCW( 

· if (running)( 
disable(); 

return(1); 

· setalarm(O.O);/*set back to DOS default"/ 
setvecl{CI(_ VECT,okl_vact); 
enable(); · 
runnlng=O; 

) 
lll/llllllllllllllllllllllllllllllllllll/llllllllllllllllllllllllllllll/lllll/ll 
Int MlHIClock(int flasi)( . . 

int temp = mllllCount;; 
If (flag=O) mllDCount = o; 

retum temp; ·· 
}. . . 

llllllllllllll/ll/l/l/lllllllll/llllllllllllllllll/llllllllllllllllllllllllllll 
void Interrupt tlmer.JSR(vold){ 
/*manipulate floating point processor stack*/ 
asm sub SP,94 . . 
11sm mov BP,SP 
asm fsave(BP] 
asmfwalt 
mDllCount++; 
/*sendEOr/ 
outport(Ox20,0x60); 
/*manipulate floating point processor stacl('/ 
asm mov BP,SP 
asm frstor[BP) 
asm add SP,94 
asmfwait 
} 
l/llllllllllllllllllll/lllllllllllllll/lllllllllllllll/llllllllll/lllllllllllll 
Int setalarm (double ms)( 

if((rns>O.O) && (ms<=MAlCMS)){ 
. count=(CLOCKFREQ"ms) / 1000.0 + 0.5; 

outporlb(TIMER_CTL, OX36); 
outportb(TIMER, oount&OxFF); 
outportb(TIMER, (count»8)&0xff); 
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}else if (1118<=0.0)( . :,.·:). :; , 
outportbCTllll!~CtL. OxS6); 
outportb(TIMER, OOS_COUNf&oxFF}; 
outportb(TIMER, 

(DOS_COUNT»B)&OXFF); 
count=DOS_COUNT; 

)else{ 
return(1);rerror return*/ 

} 
return(O);f*normal return*/ 

} r ............................................................... .. 
File: LPT _10.c Bryan Wade 
FunctlonS for using parallel port for digital l/O. Now that we 
have the NI data acquisition board it would be easier 10 use it 
for l/O rather than this. ......... -.................... _ ................................. / 
#Include <dOS.h> 
#define BASE Ox378 r Usually lpt1 is Ox378 & lpl2 is Ox278. *I 
static int dataByte = OXOO; 
static int InputByte = OxOO; 
static Int controlByle = OXOO; 
void Pin2hl()( 

dataByte I= Ox01; 
outportb(BASE+O,dataByte); 

} 
void Pin21o(){ 

dataByte &= OXFE; 
outporlb(BASE+O,dataByte); 

} 
void Pln3hi()( 

} 
void Pln31o()( 

} 
void Pin4hi()( 

) 
void Pln41o()( 

} 

dataByte I= OX02; 
outportb(BASE+O,dataByte); 

dataByte g .. OXFD; 
outportb(BASE+O,dataByte); 

dataByte I= Ox04; 
outportb(BASE+O,dataByte); 

dataByte &= OXFB; 
oulportb(BASE+O,dataByte); 

void Pln51o0{ lllnverted 

} 

dataByte I= OxOS; 
outportb(BASE+O,dataByte}; 

void Pln5hl(){ //inverted 

) 
void Pin6hl()( 

} 
void Pln8lo(){ 

} 

dataByte &= OXF7; 
outportb(BASE+O,dataByte); 

dataByte I= Ox10; 
outportb(BASE+O,dataByte); 

dataByte &= OxEF; 
outportb{BASE+O,dataByte); 

Int ShutdoWnLPT(){ 
outportb(BASE+O,OXOO); 

return{1); 
} 

r******"***********h**"** .............. _***H*****Mfl*"***" 
File: Sched.h* ................................................................. , 
//begin: sched deflnes/////////////////I//////////////////////////////////////// 
#define EMFTY ·1 
#define EPS 1 e-9 
#define USER_STOP 1 
#define STACK...STOP 2 
#define FIL.a.STOP 3 
#define STEPPING_STOP 4 

. #define COMM_STOP 5 
struct taskStruct{ 

lnlTsamp; 
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} ; 

Int tlmeL.eft; 
viiid {'liextState)O; 
1n1 prtorftY; 
Int tlmeSinceLast; 
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//begin: sched function prototypes/l//l//l/////////////f//l/llllllllllll/lll//I 
void fillQueues(int* fgQueue,int* numFG,int* bgQueue,inl* 
numBG, 

unsigned long* taskCount); 
void shutdownScheduler( unsigned long starfTime, unsigned 
long passes, 

unsigned long• taskCount, Int stacklndex); 
void StopSchedufing(int stopType); 

~ .... -.................... ,,. ......... _ ..... _ .................. . 
File: Tasks.h ···-··········-······ .. ······ .. ······ .......................... , 
//taskO states prototypes 
void taskOstateO(); //user interface 
//task1 state prototypes 
void task1 stateO(); /Igo on 
void task1state1(); //process control algorithm 
//task2 state prototypes 
void task2state0(}; /Igo on . 
void task2stata1(); //request RH,Tair and wait for response 
void task2stale2(); //read Tsat 
//task3 state prototypes 
void task3state0(); //heater output disabled 
void task3state1 (); //heater PWM hi 
void tesk3state2(); //heater PWM lo 
//task4 state prototypes 
void task4state0(); //Chiller output disabled 
void task4state1 (); //Chiller PWM hi 
void task4state2(); //Chiller PWM lo 
/ltask5 state prototypes 
void task5state0(); //Don't collect data 
void task5state1 (); //CoUect data 
//lnitaUatlonTask prototype 
void iniliallatlonTask(vold); 
//shutdownTask prototype 
void sh\JtdownTask(vold); 
/lend: state prototyplnrjl/////////////// 
//begin: Tasks module defines 
extern struct taskStruct task[); 
lldeflne FALSE o 
#define TRUE 1 
#define HUGE 1.0e9 

/*"******H••·-·-••••H••H******•H••-••••H•*************•-
Fiie Screen.h ...................................................................... , 
#define UP '8' 
#deline DOWN '2' 
#define LEFT '4' 
#define RIGHT '8' 
#deline ESC Ox1 b 
#define SPACE '' 
#define INPUT_NAME_COL 8 
#define INPUT_CURS_COL 5 
#define INPUT_VALU_COL 18 
#define OUTPUT_NAME_COL 49 
#define OUTPUT_ VALU_COL 61 
void DoScreenlnpul(YOld); 
void DoScreenOutput(Yold); 
void SetupScreen(struct ScreenMsg* ,int, struct 
Screenlnputttem• ,int, 

struct ScreenOutputltem• ,lnt,lnt* ,Int*); 
struct Screenlnputltem { 

char name{12]; 
intpos; 
float delta; 
float min; 
float max; 
float• address; 

}; . 
struct ScreenOulputftem { 

char name[12); 
lntpos; 
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); 

Int" IPtr; 
float* fPlr; 

struct ScreenMsg ( 
char text[BO); 

24 

); 

intx; 
lnty; 

Typedef unsigned char BYTE; 

PCT/US00/03671 
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What is Claimed: 

1. A gas-liquid contacit system, comprising: 

a contactor, including contact media, a gas inlet and a gas outlet, a liquid 

inlet and a liquid outlet, wherein the liquid inlet admits liquid above the contact 

media and the gas inlet admits gas below the contact media, and the liquid and 

gas flow through the contact media such that the gas leaves through the gas 

outlet in saturated state; 

a heater; 

a chiller; 

a gas outlet line connecting the gas outlet to the heater; 

a liquid outlet line connecting the liquid outlet to the chiller, wherein the 

liquid flows in a closed loop through the liquid inlet, the contactor, the liquid outlet 

and the chiller; 

a first gas temperature sensor associated with the gas outlet line and 

upstream of the heater; 

a second gas temperature sensor associated with the gas outlet line and 

downstream of the heater; and 

a controller coupled to the first and second gas temperature sensors and 

the heater, wherein the controller and adjusts the heater to deliver the gas at a 

desired temperature and relative humidity. 

2. The system of claim 1, further comprising a sprinkler above the contact 

media to distribute the liquid uniformly on the contact media, a pump located 

between the chiller and the sprinkler to supply liquid to the sprinkler, and a gas 

blower to supply gas to the gas inlet. 

111111111111111111111111111111. 
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3. The system of claim 2, wherein the housing is cylindrical in shape, and the 

sprinkler includes at least one arm with a plurality of orifices along the arm and 

pointed between parallel and opposite the top of the contact media and wherein 

the sprinkler engages in self-rotation from reactive force exerted against the 
. ·. 

arm(s) from distribution of the liquid from the orifices 

4. The system of claim 1, further comprising a reservoir with a make-up inlet 

line to introduce liquid into the reservoir and a removal outlet line to remove liquid 

from the reservoir, a low sensor which generates a signal to a liquid supply means 

whenever the level of the liquid is low to supply additional liquid through the 

make-up inlet to the reservoir, a high sensor which generates a signal whenever 

the level of the liquid is too high to remove liquid through the removal inlet from 

the reservoir. 

5. The system of claim 1, wherein the controller sends a signal to.a.liquid 

supply means to admit fresh liquid from the supply means at periodic times to 

maintain liquid purity requirements and such that the chiller can maintain the liquid 

at a desired temperature. 

6. The system of claim 1, 2, 3, 4, or 5, wherein ttie contact media is tower 

packing. 

7. A system of controlling the temperature, the relative humidity, and the 

cleanliness of air, comprising: 

an air-water contactor, including a housing with contact media, an air inlet 

and an air outlet, a water inlet and a water outlet, wherein the water inlet admits a 

water above the contact media and the air inlet admits air below the contact 

media, and the water and air flow through the contact media such that the air 

leaves through the air outlet in saturated state; 

111111111111111111111111111111 
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a heater; 

a chiller; 

a filter; 

an air outlet line connecting the air outlet to the heater; 

a water outlet line connecting the water outlet to the chiller, wherein the 

water flows in a closed loop through the contactor and the chiller; 

a first air temperature sensor associated with the air outlet line and 

upstream from the heater; 

a second air temperature sensor associated with the air outlet line and 

downstream from the heater; and 

a controller coupled to the first and second air temperature sensors, the heater, 

and the chiller, wherein the controller adjusts the heater and chiller to deliver air at 

a desired temperature and relative humidity, and wherein the filter is associated 

with the air outlet and downstream from the heater. 

8. The system of claim 7, further comprising a sprinkler above the contact 

. media to distribute the water uniformly on the contact media, a pump located 

upstream from the chiller to supply water to the sprinkler, and an air blower 

located between the heater and the filter. 

·9. The system of claim 8, wherein the housing is cylindrical in shape, and the 

sprinkler includes at least one arm with a plurality of orifices along the arm and 

pointed between parallel and opposite the top of the contact media and wherein 

the sprinkler engages in self-rotation from reactive force exerted against the 

arm(s) from distribution of the water from the orifices 
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1 O. The system of claim 7, further comprising a reservoir with a make-up inlet 

line to introduce water into the reservoir and a removal outlet line to remove water 

from the reservoir, a low sensor which generates a signf!I to a water supply 

means whenever the level of the water is low to supply:Eidditional water through 

the make-up inlet to the reservoir, a high sensor which Si.enerates a signal 

whenever the level of the water is too high to remove water through the removal 

inlet from the reservoir. 

11. The system of claim 7, wherein the controller sends a signal to a water 

supply means to admit fresh water from the supply means at periodic times to 

maintain water purity requirements and such that the chiller can maintain the 

water at a desired tempe(ature. 

12. The system of claim 7, 8, 9, 1 o, 11, wherein the contact media is tower 

packing. 

13. A controller adapted for obtaining gas at a desired temperature and relative 

humidity from a system, including a gas-liquid contactor, ·a· gas heater connected 

to the contactor, a liquid chiller connected.to the contactor, comprising: · 

a computer, including input means for a temperatµre set point and a . 

relative humidity set point, a first compensator, a second compensator, a 

transformer taking the inputs of the temperature set point and relative humidity set 

pointand generating a output to the second compensator, wherein the first and 

second compensators outputs control the heater and chiller, to obtain gas from 

the contactor in a desired tolerance of the temperature and relative humidity set 

points. 

14. The controller of claim 13, wherein the computer further comprises a first 

PWM signal converter, wherein the first compensator is a first PIO generating a 

I 1111111 11\111 Hlll lllll \11111 
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first output signal, and Wfterein the first PWM signal oor),verter converts the first· 

PIO output signal to a first command signal to adjust the heating rate of the 

heater. 

15. .The controller of claim 13, wherein the computer further comprises a 

second PWM signal convert~~' wherein the second compensator is a second PIO 

generating a second output signal, and wherein the second PWM signal converter 

converts the second PIO output signal to a second command signal to adjust the 

cooling rate of the chiller. 

16. The controller of claim 13, wherein the transformer generates a saturation 

temperature set point from the temperature set point and the relative humidity set 

point, and wherein the computer includes a temperature dry bulb feedback loop, 

comparing the dry bulb temperature with the temperature set point, and a 

temperature saturation feedback loop, comparing the saturated temperature with 

the saturation temperature set point. 

17. The controller of claim 13, wherein the computer includes a cooperative 

multitasking scheduler, which allocates when a task runs in the CPU of the 

computer so that each task is given processing time and passes back control to 

scheduler after completion of the task. 

18. The controller of claim 13, 14, 15, 16, or 17, wherein the gas is air and the 

liquid is water. 

19. A method for controlling the quality of air delivered to a local environment, 

comprising the steps of: 

providing an input for temperature and relative humidity set points; 

11111111 lllH 111111111111 1111 * .· C . i.. II . s: * 
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circulating water through a contactor, wherein the cor;tactor includes a water 

inlet and outlet, an air inlet and outlet; 

circulating air through the contactor, wherein the air i.n the contactor is in 

intimate contact with the water in the contactor, and th~ air at the air outlet is 

saturated; 

measuring the dry bulb temperature of the air delivered to the local 

environment and the temperature of saturated outlet air: and 

comparing the dry bulb temperature of the air with the temperature set point 

and generating a corresponding first signal. 

20. The method of claim 19, further comprising the ~teps of: 

transforming the t~mperature set point and the relative humidity set point 

into a saturation temperature set point; and 

comparing the saturation temperature set point with the temperature of the 

saturated outlet air and generating a corresponding second signal; and adjusting 

the chiller in accordance with the second signal to bring the circulating water to 

the temperature which results in air delivered to the local environment to the value 

of the temperature and relative humidity set points. 

21. The method of claim 19, further comprising the step of adjusting the heater 

in accordance with the fin;t signal to bring the air delivered to the local 

environment to the value of the temperature and relative humidity set points. 

22. The method of claim 20, further comprising transforming the first signal by 

a first PIO compensator to a first command signal and converting the first 

command signal to a first pulse width modulated formatfor powering the heater. 

I If llllUlllll 1111111111; 111111 
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23. The method of c:laim 19, further comprising trans(orming the second signal 
~ ~: .. ·.. . . 

by a second PIO compensator to a second command signal and converting the 

second command signal to a second pulse width modulated format for 

poweringthe chiller. 

11111111111111:1111111111111111 
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