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An energy conservation program was developed in the fall of 1975 

at General Extrusions, Inc . to maintain the operation of the plant at 

full production while staying within the natural gas allocation of 

35,600,000 cubic feet per year . This program when fully implemented 

will minimize the use of propane as an alternate fuel. Before the energy 

conservation program, 8,000 gallons of liquid propane (720,000 cubic feet 

equivalent of natural gas) were used monthly to supplement the energy 

needs of the plant operation. 

Group meetings were held with the plant personnel, stressing the 

importance of energy conservation in maintaining their jobs and seeking 

their help in this program. The energy conservation program then became 

a group effort with management and labor working jointly. A complete 

and detailed survey and study of all energy usage in the plant was done 

with the help of the maintenance staff and the operating supervisors. 

The survey and study was completed in two months and all the information 

and recommendations by the group were evaluated by a management committee. 

The following problems were found during the energy usage study: 

the operation of the plant consisted of six days per week and twenty-four 

hours per day which left no flexibility in operating hours for cycling of 
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energy loads; the anodizing building required thirteen air changes per 

hour (consists of 157,000 CFM exhaust and 150,000 CFM fresh outside supply 

air) to purge the toxic fumes from the building continuously twenty-four 

hours per day, seven days per week to prevent corrosive attack on the 

equipment and finished product stored in the building; the 157,000 CFM 

exhaust consisted of low temperature though high humidity exhaust (S0°F 

and 80% relative humidity); the make-up air heaters and the exhaust fans 

were positioned on the roof in a way that would make it difficult for the 

addition of heat recovery coils or wheels; even though the exhaust air 

went through wet scrubbers, most of it was too toxic or too humid to 

return to the plant; and finally, the first cost of installing heat recov

ery equipment was relatively high. 

The following recommendations were implemented inunediately: 

1. The plant thermostat temperatures were set at 6SOF and the employees 

agreed to dress accordingly, 

2. Exhaust air from three tank immersion heaters was directed to 

another tank to supply 2S0°F temperature air for drying of finished 

extrusions (thereby eliminating the need for 200 CFH burner), 

3. Inlet duct thermostats were installed in each of the three 50,000 

CFM make-up air heaters to automatically turn off the burners when 

outdoor temperatures rose to 6SOF (during unseasonable warm weather, 

even though the burners were on maximum turndown, SOOF air would be 

supplied to the plant, wasting as much as 500 CFH.) 

Two additional recommendations of energy conservation systems 

were evaluated bas~d on the following design constraints: first cost, 

operating and maintenance cost, quantity and cost of energy conserved, 

effect on in-plant air quality, and effect on employee environment. 
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Based on these evaluations, both systems were economically justified and 

it was determined that they would not degrade the in-plant air quality, 

therefore they were implemented. The following is a description of the 

two systems and a tabulation of the calculated design energy savings. 

The systems were fully operational on March 1, 1976. 

The first energy conservation system was implemented to take ad

vantage of the effectiveness of the exhaust fan-scrubber (20,800 CFM) 

that is handling air from the sulfuric acid tanks. This scrubber removes 

the contaminants from the exhaust air well below the allowable level for 

in-plant air designated by OSHA. Therefore, this heated cleaned air (65°F) 

was recycled back into the plant with the addition of a return duct system. 

This system reduces the make-up air requirements by 20,800 CFM and there

fore saves the quantity of energy normally required to heat this amount 

of air from outside temperature to 65°F during the winter heating season. 

For the Youngstown area which has 6400 degree days per year and a plant 

operation of twenty-four hours per day six days per week, the quantity of 

energy conserved is estimated to be 3 x 109 BTU's annually. 

The second energy conservation system that was implemented uses 

a heat pipe non-regenerative air-to-air heat recovery unit (Q-Dot) to 

recover energy from a 35,250 CFM exhaust fan (80°F ·and 80% relative 

humidity). This recovered energy is used to preheat 50,000 CFM of fresh 

outside supply air that is to be reheated to the 65°F required building 

temperature by a gas direct fired make-up air heater. The design condi~ 

tions for this heat recovery system are: temperature of exhaust air is 

so°F, temperature of supply air entering the coil is 37°F, temperature 

of supply air leaving the coil is 66°F and the recovery factor is .667. 

As can be seen from the design conditions, when the outside temperature 
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0 
is 37 For greater, no gas will be burned in the make-up air heater and 

50,000 CFM will be supplied to the building at 65°F or greater. If the 

0 outside temperature is less than 37 Fa greatly reduced quantity of gas 

will be burned to maintain the supply air at 65°F. Computer modeling of 

this system was done to determine the optimum design and to calculate the 

estimated energy savings of 7 x 109 BTU's annually. 

The energy required for the space heating of the anodizing build

ing before the energy conservation program was implemented was 20 x 109 

BTU's annually. Therefore, these two systems will save 10 x 109 BTU's 

annually or 50% of the space heating requirement of the building. 

The two energy conservation systems have a first cost of 

$48,000.00 total. At current costs of $1.26 per MCF for natural gas and 

$.35 per gallon for propane, the energy savings of 10 billion BTU's is 

equivalent to approximately $36,000.00 (first 8.6 billion BTU's at pro

pane costs and balance of savings at gas costs). Based on the above 

figures and the cost of money at 10%, the payback period for the total 

installation is approximately 1.5 years. 

This thesis presents the detailed investigation, design and 

calculations of the two energy conservation systems that have been im

plemented. The present heating and ventilating system is described and 

alternate energy conservation and heat recovery systems are presented in 

detail. Computer modeling and economic analysis of ·the alternate systems 

is included. 
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CHAPTER I 

INTRODUCTION 

This thesis documents the study, design and implementation of 

the energy conservation program in the anodizing building at General 

Extrusions, Incorporated. General Extrusions is an aluminum extruding 

company with the capability of total finishing of an aluminum product 

including extruding, fabricating, heat treating, and anodizing. Their 

natural gas allocation was reduced to the 1968 level of consumption, 

1 

less 10%. This allocation problem is even more critical since a con

siderable amount of natural gas fired equipment has been added since 1968. 

This necessitated the installation of a propane-air mix system to supple

ment the natural gas supply, thus providing the additional energy required 

but increasing the operating costs significantly. Note: at present 

energy prices, natural gas costs $1.26 per million BTU's thermal and 

propane costs $3.80 per million BTU's thermal. 

The problem of energy shortages and increased cost has recently 

become one of the most difficult for plant management personnel through

out the country. At General Extrusions, this energy management program 

was implemented to try to make the gas allocation program more workable. 

The addition of propane as an alternate fuel to supplement the natural gas 

requirement has caused production costs to increase substantially and is 

therefore causing the plant to lose its competitive advantage in the 

market place. Thus, energy conservation became a must for this plant to 

maintain the competitive position in the market place that protects the 

employees' jobs and profitability of the operation and also to try to free 



some of the alternate fuel for increased production or equipment _if 

required in future operation. 
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Production operations and space heating in the anodizing building 

(see Appendix pages 46 and 47 for description of anodizing process) re

quire 95% of the present total natural gas - propane consumption of the 

plant, thus conservation in this part of the plant is of great importance. 

Because of the toxic fumes generated in the anodizing process, thirteen 

air changes per hour are required in the building continuously, twenty

four hours per day and seven days per week. Therefore, energy consumption 

of the process and space heat provide a fairly constant load and cannot 

be cycled or shut off periodically to save energy. The relatively high 

number of air changes per hour represents a very large energy require

ment (20 million cubic feet of gas) during the winter to heat the out

side make-up air to 65°F, but is required because of the toxicity and 

corrosiveness of the fumes and the harm that they can cause to workers 

and finished product that is stored in the building. 

This large volume of exhaust air (157,000 cubic feet per minute) 

does represent a source of waste heat, though this had been overlooked by 

other manufacturers of heat recovery equipment and engineering firms be

cause of the relatively low exhaust temperatures (8-0°F maximum). The 

unique feature of this energy conservation system is the application of 

the heat recovery equipment to a relatively low temperature but very high 

humidity (80% relative humidity) exhaust. 

The following chapters will present the systems approach to .the 

problem of energy conservation applied to the heating and ventilating 

system in the anodizing building at General Extrusions. 
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CHAPTER II 

PROBLEM DESCRIPTION 

Heating and Ventilating System Operation 

This section of the thesis will describe the operation of the 

existing heating and ventilation system including a description of all the 

components in the system, a description of a model of the thermal system 

of the building and the design constraints of the system. The ventilation 

system consists of three exhaust fan-separator wet scrubber units of 

52,700 CFM, 48,400 CFM, and 20,800 CFM capacity respectively and an exhaust 

fan of 35,250 CFM capacity. The heated make-up supply air is provided by 

three 50,000 CFM capacity make-up air heaters. See Appendix, page 48 for 

a plan view of the building. See Figure 1 for a diagram of the equipment 

and the air flow direction of the heated supply air. 

t,,-------------------- - - --- - --- ------- - ---

E F G 

Q Q Q 

Fig. 1. Equipment Diagram 
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TABLE 1 

HEATING AND VENTILATING EQUIPMENT 

Description 

48,400 CFM exhaust fan-separator 

52,700 CFM exhaust fan-separator 

20,800 CFM exhaust fan-separator 

35,250 CFM exhaust fan 

50,000 CFM make-up air heater 

50,000 CFM make-up air heater 

50,000 CFM make-up air heater 

Description of Exhaust Fan and Fan-Separator 

Output Air 
Temperature 

74°F 

74°F 

66°F 

80°F 

65°F 

65°F 

65°F 

4 

The exhaust fan-separator is a patented unit manufactured by 

Tri-Mer Corporation of Owosso, Michigan. It is constructed of reinforced 

rigid unplasticized PVC (Polyvinyl chloride) to provide chemical corro

sion resistance. The design of the unit utilizes a centrifugal fan to 

separate liquid corrosive particles from the air stream at the fan scroll. 

Dynamic separation occurs within the fan, resulting in the separation of 

two-thirds or more of contaminates at the fan. Residual pollutant is 

then eliminated by non-clogging filters located downstream. These filters 

act as demisters and provide a low relative humidity exhaust airstream. 

The need for water recirculation is eliminated as this fan-separator 

uses one-tenth as much water as conventional scrubbers. See Appendix, 

pages 49 and S.O for more details. 

The exhaust fan is also manufactured by Tri-Mer and constructed 

of PVC. See pages 51-52 in Appendix for more details on the fan and 

fan tables. 
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The exhaust fan-separator, Mark A (see Figure 1), exhausts fumes 

from the following four tanks: 0 alkaline clean at 160 F; double rinse at 

ambient temperature; nitric acid clean at 170°F and etch at 140°F. The 

exhaust fan-separator, Mark B, exhausts fumes from three rinse tanks at 

ambient temperature and one bright dip tank at 200°F. The exhaust fan

separator, Mark C, exhausts fumes from two sulfuric acid anodizing tanks 

at ambient temperature. The exhaust fan, Mark D, exhausts fumes from the 

following four tanks: nickel acetate at 160°F; double rinse at ambient 

0 temperature; and two hot water seal at 200 F. 

Description of Make-up Air Heater 

The three make-up air heaters are identical and produce 50,000 

CFM of air heated from outside temperature to 6S°F. The units are 

Model MASO manufactured by W. C. Grant Company and are direct gas fired 

with a rated efficiency of 92%. These units are capable of producing an 

80° temperature rise with a 4,400,000 BTU per hour burner. The units are 

thermostatically controlled from three set points. There is a thermostat 

in the inlet duct and the outlet duct of the make-up air heater and also 

one in the building. If the inlet duct thermostat registers a tempera-
. 0 

ture of 65 For above, the main burner stays off. - If the thermostat in 

0 the building registers below 65 F, the main burner comes on and requires 

0 the duct outlet temperature to be above 67 F. 

The Grant make-up heaters are an efficient way to supply heated, 

outside air to replace in-plant air lost by combustion processes and 

exhaust ventilation. Instead of permitting this lost air to be replaced 

through uncontrolled openings, and heated by inefficient mixing, the unit 

introduces and efficiently heats fresh air, controlling both temperature 
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and distribution. During summer operation the burner is turned off and 

the fan operates independently. This insures proper exhaust fan operation 

and proper natural stack operation. See Appendix, pages 53 toss for more 

details and fan data. 

Thermal System Model 

A model of the thermal system of the anodizing building will be 

developed in the following paragraphs. The building conductive heat loss 

calculation will be presented and then other heat inputs and outputs will 

be discussed. 

For all of the building sections a sketch of the wall section 

will be provided and the heat loss will be shown in equation form for 

each view and also for the total building. The following equation will 

be used for calculation of transmission heat loss: 

Heat loss= u X (T. - T) X A 
1 0 

(1) 

where: Heat loss= the BTU per hour transmission loss from inside air 
to outside air 

a 

8 I b 

U = overall heat transmission factor (BTU/hr n 2 
F

0 ).d~i)end:ent 
on building material 

T. = inside air temperature (F0
) 

1 

T = oµtside air temperature (F0
) 

0 

A= square feet of building wall area (ft
2

) 

260' 

1/I 
_, : J 86' 

Fig. 2. South View of Building 

wrLUAM F. MAAG LIB Air_? 4 .\~• 
YOIINr.~Tfl WN ~T ,HC IIMlltl:'nt'1T1u 



Section a consists of 1/16" thick corrugated fiberglass sheeting. 
Heat loss =· 1. 5 BTU/hr ft 2 F0 x 2600 ft.2 (T. - T ) 

1 0 
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Section b consists of 8" thick concrete block faced with 4" thick brick. 
Heat loss= .43 BTU/hr ft2 pox 2240 ft2(r. - T) 

. 1 0 

Section c consists of 811 2hick concr2te block below grade level. 
Heat loss= 4 BTU/hr ft x 1370 ft 

Section d consists of 8" thick concrete block. 
Heat loss= .53 BTU/hr ft2 F0 x 1430 ft2(r. - T) 

· 1 0 

Total Heat Loss for South View: 
Heat loss = 5621 BTU/hr F0 (T. - T) + 5480 BTU/hr 

S 1 0 

10' 43' 

35' 

Fig. 3. East View of Building 

Section consists of 811 thick concrete bl~ck. 
Heat loss= .53 BTU/hr ft2 F0 x 605 ft (Ti - T

0
) 

Total Heat Loss for East View: 
Heat losse = 321 BTU/hr F0 (Ti - T

0
) 

T 

a 

18' 

5' 

51 

5' 
li,_(......,j'---,1:.......,:~_.i,__,'-'--'--~-J-.....L.~-..J.----'--""--..... ---'-"~ 

Fig. 4. West View of Building 

8' 

10' 

Section a consists of 8" thick concrete block faced with 4" thick brick. 
Heat loss= .43 BTU/hr ft2 F0 x 1569 ft 2(Ti - To) 

Section b consists of 811 thick concrete ~lock. 
Heat loss= .53 BTU/hr ft 2 pox 107 ft (Ti - T

0
) 



Section c consists of 8" thick concrete block below grade level. 
Heat loss= 4 BTU/hr ft2 x 1183 ft2 

Total Heat Loss for West View: 
Heat lossw = 731 BTU/hr F0 (T. - T) + 4732 BTU/hr 

l. 0 

260' 
a b a 

10' 
. 

20' 
40 1 C I 5' 

,. 

Fig. 5. North View of Building 

Section a consists of 1/16" thick corrugated fiberglass sheeting ,.. 
Heat loss= 1.5 BTU/hr ft2 F0 x 2200 ft2(T. - T) 

l. 0 

Section bis next to existing building. 
Heat loss is negligible .. 

Section c consist of 8" thick concrete block. 
Heat loss= .53 BTU/hr ft 2 pox 100 ft 2(Ti - T

0
) 

Total Heat Loss for North View: 
Heat lossn = 3353 BTU/hr F0 (Ti ~ T

0
) 

260 1 

a 

43 1 

-

b 

43' 
20' 

4·1 

43' □4• 

Fig . 6. Roof of Building 
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Section a consists of built up roofing 1" rigid insulation with 2" wood 
decking. 

Heat loss= .168 BTU/hr ft 2 F0 x 11180 ft 2(Ti - T0 ) 



Section b consists of built up roofing l" rigid 
decking . 
. Heat loss= .232 BTU/hr ft 2 Fox 22980 ft2(Ti 

insulation with metal 

- T ) 
0 

Section c consists of 15 individual single pane skylights. 
Heat loss= 1.13 BTU/hr ft 2 pox 240 ft2(T. - T) . l. 0 . 

Total Heat Loss for Roof: . 0 
Heat lossr = 7480 BTU/hr F (Ti - T

0
) 

Heat Loss for Total Building: 
Heat lossT = Heat losss + Heat losse + Heat lossw + Heat lossn c Heat 

loss r 
= 17506 BTU/hr F0 (T. T) + 10212 BTU/hr 

l. 0 

Tabulation of Thermal Output and Input 

9 

The space in the anodizing building will be considered as the 

thermal system. The major source of heat output (loss) from the thermal 

system of the building consists of the exhaust of heated contaminated 

air. The quantity of heat output will be calculated from temperature 

and humidity measurements that were made during operation of the system. 

Enthalpy values were determined from the measurements and are tabulated 

in Table 2, using the following equation: 

Heat energy= Volume of air x I/specific volume x Enthalpy x 60 min/hr (2) 

where: 

Heat energy= thermal energy output or input (BTU/hr) 

Volume= volume of air movement, cubic feet per minute (CFM) 

Specific volume= pounds of air per unit volume at a_. specified tempera
ture and humidity condition (lb/ft3) 

Enthalpy= a thermodynamic property which represents the measure of 
heat energy in a system above some datum temperature, the quantity of 
energy in one pound of air and the water vapor in it for a specified 
temperature and humidity condition (BTU/lb) 
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TABLE 2 

DESCRIPTION OF EXHAUST 

Description Volume Conditions Enthalpy Heat Output 
(CFM) (BTU/lb) (BTU/hr) 

Exhaust #1 4.8 ,400 74°F 70%RH 31.6 6,698,000 

Exhaust #2 52,700 74°F 70%RH 31.6 7,293,000 

Exhaust #3 . 20,800 66°F 60%RH 25.0 2,328,000 

Exhaust #4 35,250 80°F 80%RH 38.8 5,862,000 

· Total 22,181,000 

The anodizing building contains thirty-one process tanks, four

teen of which are heated. See Appendix, page48 for plan view of tank 

layout. The heat loss from the tanks is tabulated in the Appendix on 

pages 56 and 57. Total heat loss from the tanks is 3,156,000 BTU/hr. By 

the definition of our thermal system model this is considered as a heat 

input to the building. 

The make-up air to the plant consists of 150,000 CFM of outside 

fresh air heated to conditions of 65°F and 60%RH. Using the above 

formula and determining the enthalpy value of 24.3 BTU/lb for these 

conditions, this represents a heat input of 16,321,000 BTU/hr. 

The tanks are heated by gas fired immersion burners. Eleven of 

these are vented to the outside of the building. Three of these are 

vented to a drying tank i n the building and all of th~s escapes to the 

inside of the building. This represents a heat input of 2,396,000 BTU/hr. 

Miscellaneous heat inputs consist of lighting, 95.35 kw, which 

is equivalent to 326,000 BTU/hr, and air infiltration from other buildings 

and outside of the buildings. A constant negative pressure is maintained 

in the anodizing building to localize the contaminated air (157,150 CFM 



11 

exhaust and 150,000 CFM supply). This 7150 CFM difference represents a 

heat input which is based on average winter condition£~ . It is assumed 

that 3,575 CFM (30°F 50%RH) infiltrated from outdoors through cracks in 

the walls of the building and loose fitting doors and windows and 3,575 

CFM (65°F 60%RH) infiltrated through open doorways of connected buildings. 

The following calculation based on equation (2), page 9, represents the 

average heat input due to this infiltration: 

Heat input= [3575 CFM (30°F, 50%RH) x .080 lb/ft3 x 5 BTU/lb x 60min/hr] 

+ [3575 CFM (65°F, 60%Rll) x .075 lb/ft3 x 24.4 BTU/lb x 

60 min/hr] 

= 477,000 BTU/hr for average winter design conditions 

Values of heat input and output will be tabulated in Table 3 for an 

average winter temperature of 30°F. 

TABLE 3 

VALUES OF HEAT INPUT AND OUTPUT 

Heat Input Heat Output 

Description Quantity Description Quantity 
(BTU/hr) (BTU/hr) 

Make-up Air 16,321,000 Exhaust 22,181,000 

Tank loss 3,156,000 Building loss 623,000 

Lighting 326,000 

Infiltration 477,000 

Tank Exhaust 2,396,000 

22,676,000 BTU/hr Total 22,804,000 BTU/hr Total 

As can be seen from Table 3 the total heat input is approximately 

equal to the total heat output. The calculated values differ by less 

than 1%. For values this large and due to the averaging done in the 
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calculations, the values are considered equal and the temperature of the 

thermal system should remain fairly constant. 

Economic Analysis of Additional Insulation 

An analysis of the addition of a urethane foam insulation sprayed 

on the fiberglass sheeting in the anodizing building has been done. The 

area of largest heat conduction loss in the building consisted of the 

north and south walls of the building (the corrugated fiberglass sheeting). 

This could be foam insulated from outside of the building and sprayed with 

a weather resistant coating. Cost of the material and installation would 

be $1.00/square foot. Total area was 4,800 square feet and would repre

sent an added cost of $4,800.00. 

The added insulation would decrease the U factor for the section 

to .24 BTU/hr ft 2 F0
• This would represent a savings of heat energy of 

0 212,000 BTU/hr for average winter temperature of 30 F. [Q = (1.5 - .24) 

BTU/hr ft 2 F0 x 4,800 ft 2 x (65° - 30°)]. Therefore, with the added 

insulation, an additional 212,000 BTU's would be exhausted every hour. 

The added quantity of heat through the recovery system would be 48,000 

BTU's per hour [(35,250/157,150) x 212,000 BTU]. Based on a recovery 

efficiency of .66 (to be explained later), this represents a savings of 

32,000 BTU/hr. 

For a five month continuous operating period ·the estimated 

average savings would be 1.15 x 108 BTU (3~00 BTU/hr x 24 hr/day x 

30 day/mo; x 5 mo.). This is an equivalent of 128 MCF of natural gas 

based on 90% conbustion efficiency. This is equivalent to $161.00 per 

year based on present costs of natural gas ($1.26/MCF). Therefore the 

additional insulation would require twenty-nine years to pay for itself 

based on simple payback with no interest. This is not cost effective. 
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Design Con~traints 

The two main constraints in the systems approach to the problem 

of energy conservation in the anodizing building are capability of the 

system to meet OSHA requirements for concentration levels of toxic fumes 

in the plant and cost effectiveness of the system based on life cycle 

costing. 

Other design constraints would apply to existing components in 

the heating and ventilating system. Basically the adaptability of the 

existing fans would be investigated. This would involve the ability of 

the fan to operate with increased loads due to additional static and 

velocity pressure and higher speeds. 



14 

CHAPTER III 

INVESTIGATION OF POSSIBLE ENERGY CONSERVATION SYSTEMS 

There are three major areas of study to help conserve energy in 

the anodizing building. They are: reduction in the total volume of 

air handled; recirculation of warm uncontaminated air from processes; 

recovery of heat energy from the exhaust air. These areas of study will 

now be presented. 

Reduction of Air Volume 

A reduction in the total air volume handled requires careful 

engineering study of exhaust system design. There is no rule of thumb 

which permits the arbitrary cutting of exhaust volumes by a certain 

percent. Such an approach cannot be justified on the basis of hood and 

system design. A reduction of total air volume handled can be accom

plished by conducting a careful inventory of all exhaust and supply 

systems in the plant, determining which are necessary, which can be 

replaced with more efficient systems or hood designs and which systems 

may be obsolete. 

Exhaust volume must be of a sufficient level to maintain quality 

in-plant air. Proper design of exhaust hoods is necessary if a local 

exhaust system is to effectively control contamination at its source 

with a minimum air flow and power consumption. The theory of capture 

velocity depends on the creation of air flow past the source of contami

nant sufficient to remove the highly contaminated air around the source 

or issuing from that source. Basically, hood design requires sufficient 
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knowledge of a process or operation so the most effective hood or en

closure can be installed to provide minimum exhaust volumes for effective 

contaminant control. 

The Tri-Mer Corporation designed and installed the present ex

haust system based on years of experience in control of air pollution 

and on in-plant air conditions established by OSHA codes through the 

American Conference of Governmental Industrial Hygienists. 

The actual volume of exhaust was then calculated to provide 

in-plant air conditions with toxic contaminants below the Threshold Limit 

Values (TLV). These values are for air borne toxic materials which are 

to be used as guides in the control of health hazards and represent time 

weighted concentrations to which nearly all workers may be exposed eight 

hours per day over extended periods of time without adverse effects. TLV 

refer to time weighted concentrations for a 7 or 8 hour workday and 40 

hour workweek. They should be used as guides in the control of health 

hazards and should not be used as fine lines between safe and dangerous 

concentrations. 

Threshold Limit Values are based on the best available informa

tion from industrial experience, from experimental human and animal 

studies, and, when possible, from a combination of ·the three. The basis 

on which the values are established may differ from substance to sub

stance; protection against impairment of health may be· a guiding factor 

for some, whereas reasonable freedom from irritation, narcosis, nuisance 

or other forms of stress may form the basis for others. The values have 

been developed by the American Conference of Governmental Industrial 

Hygienists and can be found in the Industrial Ventilation Manual. 
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It was determined from a review of the existing exhaust-ventila

tion system of the plant with Tri-Mer and a consultation with representa

tives of OSHA and General Extrusions that the quality of in-plant air 

would be affected adversely if there was an appreciable reduction in 

exhaust volume. Not only would this affect the plant workers but the 

acidic fumes could affect the finish on the aluminum extrusions that 

are warehoused in the anodizing building. This would be a costly problem 

that would produce scrap products. Thus, no energy savings could be 

produced in this area of study. 

Recirculation of Warm Uncontaminated Air from the Process 

Acceptance of a system that will clean the exhausted air and 

recirculate it into the building will depend on the degree of health 

hazard associated with the particular contaminant or toxic gas being 

exhausted, as well as on other factors discussed below. Factors to be 

considered are: 

1. It is usually considered necessary to provide general ventilation 

air in addition to that recirculated so that there is, in effect, 

continuous dilution of any recirculated contaminants. If all the 

supply ventilation air is to be recirculated · air, care must be 

taken to evaluate all the possible contaminants, not just the major 

contaminants normally concerned. 

2. Recirculation systems should be designed to bypass to the outdoors, 

rather than to recirculate, when weather conditions permit. If a 

system is intended to conserve heat in winter months and if ade

quate "make-up" air is available, the system can discharge outdoors 

in warm weather. 
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3. Wet scrubbers also act as humidifiers. Recirculation of humid 

air from such equipment could cause high humidity and condensation 

problems. Additional ventilation should be provided to prevent 

excess humidity. 

4. The layout and design of the recirculation ductwork should provide 

adequate mixing with other supply air and avoid uncomfortable 

drafts on workers or air currents which would upset the capture 

velocity of local exhaust hoods. 

5. Routine testing, maintenance procedures, and records should be 

developed for the recirculating system. 

The exhaust air from the three exhaust fan-separators and the 

one exhaust fan was studied to determine if any of this air could be 

returned directly to the plant. It was determined that exhaust fan

separators, Marks A and B (see Figure 1), do not remove enough of the 

toxic contaminants from the exhaust air to allow the recirculation of 

this air. This is based on recent tests of the toxicity of the exhaust 

air by Tri-Mer and a comparison to the TLV values. The exhaust fan, Mark 

D (see Figure 1), exhaust a very high humidity (80%RH) air and for this 

reason could not be recirculated into the building. The exhaust fan

separator, Mark C (see Figure 1), exhausts from the sulfuric acid tanks. 

Since sulfuric acid is hygroscopic and this type of separator is very 

efficient, it was determined that this system should be investigated 

further. 

After reviewing the air quality tests of the exhaust from this 

fan-separator, reviewing the Threshold Limit Value for sulfuric acid, and 

discussing this application with Tri-Mer (the fan-separator manufacturer), 

I 

I 
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it was determined that this air could be recirculated without adversely 

affecting the quality of in-plant air. 

Threshold Limit Value for sulfuric acid is 1 milligram per cubic 

meter of air. Tests of the exhaust showed a value of .1 milligram per 

cubic meter of air. Tri-Mer will warranty that any air from this fan

separator that is returned to the plant will be acceptable for in-plant 

conditions. as established by OSHA codes through the American Conference 

of Governmental Industrial Hygienists. Since this system is presently 

providing a ten to one factor of safety, it was determined to return 

this exhaust air directly into the plant. 

This recirculation system would return 20,800 CFM of ambient air 

into the plant after the sulfuric acid was removed. This will reduce 

the "make-up" air requirements by 20,800 CFM, therefore this volume of 

outside air will not have to be heated to the 6S°F in-plant temperature. 

After discussion of this application with the bidding contractors, it 

was determined that because the sulfuric acid concentration is so low 

(.1 milligram per cubic meter) in the exhaust air, the ductwork material 

could be galvanized sheet metal and still provide a long maintenance free 

life. 

Requests for quotation on this return air system were given to 

three sheet metal contractors. The following bids were received: 

1. Thompson Heating and Cooling Company - $2,053.00 ·for a 20 gauge 

sheet metal installation. 

2. A.A. __ Samuels Sheet Metal Company - $3,308.00 for a 20 gauge sheet 

metal installation. 

3. Woodward Heating and Air Conditioning Company - $4,186.00 for an 

18 gauge sheet metal installation. 



4. Woodward Heating and Air Conditioning Company - $7,890.00 for a 

1/4 inch thick PVC installation. 
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The contractor recommended for the system was Woodward Heating and 

Air Conditioning Company. They were recommended because of their experience 

in this field, their fine installation on the existing system and the best 

proposal in terms of material and design. They were awarded the contract. 

This system also required new v-belt drives for two of the Grant 

Make-up Air Heaters to reduce their volume to 39,600 CFM each. An ad

justable pitch sheave was required for one unit and a smaller fixed 

pitch sheave was required for the other unit. The same length v-belts 

can be used. Cost for the new sheaves was $157.72. Therefore, the total 

cost of the recommended system was $4,343.72. The. annual energy dollar 

saving will be calculated and tabulated in Chapter 4. 

This system will require no change in plant operation since the 

exhaust fans are continuously operating twenty-four hours per day and 

;seven days per week. A manual bypass damper has been incorporated in 

the design to allow all of the air to be exhausted outside if the fan

separator does not function properly. 

Recovery of Heat Energy from the Exhaust Air 

The following section will present descriptions of heat recovery 

equipment that has been investigated for this applica~ion. The initial 

exhaust that will be studied is from the hot water seal tanks. This has 

been selected because of the temperature, humidity and cleanliness of 

the exhaust. There are no corrosive elements in the exhaust except for 

water vapor. The exhaus~ consists of 35,250 CFM of ·80°F air at 80% 

relative humidity. The recovered heat energy will be used to preheat 
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50,000 CFM of fresh outside supply air to a Grant Make-up Air Heater. 

This will greatly decrease the amount of heat that must be added to the 

supply air to maintain it at 65°F entering the plant. Rotary regenera

tive and heat pipe non-regenerative types of heat recovery equipment will 

be investigated. 

Rotary Regenerative Type 

A rotary air-to-air regenerative heat exchanger, sometimes called 

a heat wheel, is a revolving cylinder packed with air permeable media 

having a large surface exposed to the air stream. As the cylinder is 

rotated, adjacent streams of exhaust air and incoming supply air pass 

through it. The transfer of sensible heat is caused by the dry bulb 

temperature difference of adjacent air streams. 

For heating, as each segment of the packed cylinder rotates through 

the exhaust air stream, heat is picked up. The cylinder segment then re

volves through a cut-off zone, which prevents the flow of each stream 

into the other, and enters the incoming air stream where the heat is given 

up. Finally, it passes through another cut-off zone and re-enters the 

exhaust air stream to again pick up heat, making a continuous process. 

Rotary air-to-air heat exchangers may be raied on their effective

ness to recover: (1) sensible heat (dry-bulb temperature), (2) latent 

heat (humidity ratio), and/or (3) total heat. Effectiveness, a tenn 

which indicates the performance of an exchanger is expressed as: 

e = 
W. (X1 - X3) min 

(3) 
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, where: 

e = sensible, latent, or total heat effectiveness 

X = dry-bulb temperature, humidity ratio, or total heat, respectively, 
at the locations indicated in Figure 7 

Ws = mass flow rate of supply, pounds of dry air per hour 

We= mass flow rate of exhaust, pounds of dry air per hour 

W. = minimum value of W or W min s e 
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Fig. 7. Scheme of Air Flow for Rotary Air-to-Air Heat 
Exchanger. 

to be: 

The recovered or leaving supply air condition then is: 

X = ·X - e 2 1 

w. min 
w 

s 

The recovered or leaving exhaust air condition can be shown 

w . min 
w 

e 

(4) 

(S) 

When supply and exhaust mass flows are equal, the terms Ws/Wmin' 

Wmin/Ws, and Wmin/We drop out of the above equations. The effectiveness 

of a rotary air-to-air heat exchanger is a function of the air mass flow~ 

the air mass flow ratio and the energy transfer characteristics of a 

particular heat exchanger. Because of this, values must be established 

for each individual exchanger. 
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To make a preliminary ju~gment as to the feasibility of utili

zing rotary regenerative air-to-air exchangers, an analysis of the over

all system must be made at the following two conditions: 

1. Winter design, which establishes the level of initial heating 

equipment saved, preheat coils not needed, etc. 

2. Winter average, which establishes the level of savings in winter 

operating costs. 

The savings must then be compared to the following additional 

costs incurred: 

1. Cost of heat exchangers and their installation. 

2. Additional ductwork to bring the exhaust and outdoor air streams 

adjacent. 

3. Additional fan horsepower to overcome the pressure drops across 

the unit, and, occasionally, an additional fan. 

4. Operating cost of the units. For normal ventilation applications, 

the units are run by fractional horsepower units. 

5. In some cases, the value or cost (or both) of the floor area may 

become involved in the analysis, although in the majority of cases 

the units are located on the roof or on pads adjacent to the pro

cess where space is a negligible consideration. 

For the usual ventilation system, the following points should 

be considered: 

1. The outdoor air and exhaust air streams must be counterflow for 

maximum efficiency. Various configurations of equipment are avail

abie to permit horizontal air flow with either side-by-side or 

over-and-under air streams. Units are also available for vertical 

air flows. 
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2. Provision should be made for draining any water or snow that might 

accumulate by condensation or by entry from the weather. 

3. During the summer, exhaust air from the space after going through 

the unit is still at a relatively low wet-bulb temperature and is 

ideal for use as air for cooling towers or evaporative condensers. 

4. For system operating economy, multiple fans may be used. 

Regenerative air-to-air heat exchangers are used extensively in 

various industrial processes. The economic feasibility of inserting a 

unit in an existing system depends primarily on the savings in operating 

cost. These savings are dependent on the required volume, temperature, 

and specific humidity delivered to the process; the volume, temperature, 

and specific humidity of the exhaust; hours of operation; cost of energy; 

and local design temperatures. 

Condensation on the heat transfer media will occur when the 

dry-bulb temperature of one airstream is below the dew point of the other 

airstream. Under heating conditions with subfreezing outdoor air tem

peratures, icing or frost build-up on the media may occur if the media 

temperature is below 32°F and the dew point temperature of the exhaust 

air is above 32°F. 

Under severe climatic conditions, some mean.s of preventing frost 

build-up on the wheel may be required. In areas subject to frost condi

tions over extended periods of time, provision should ·be made to preheat 

the supply air. Under less severe conditions, an alternative method of 

preventing frosting is to reduce the effectiveness of recovery by either 

bypassing a portion of the cold supply air or by speed control. Frost 

control by either method may require a large reduction in the unit's 

effectiveness, and the heating coils must be sized for the additional load. 
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The main drawback of the regenerative heat wheel is cross con

tamination of exhaust and supply air streams. This is a major consider

ation if the system is handling toxic fumes. The media of the heat ex

changer is largely empty. While the media is in the exhaust air stream, 

the void space is "filled with exhaust air. During rotation, some en

trained exhaust air being enclosed by partitions and air seals is carried 

to the supply air side. The supply air stream is in the opposite direc

tion from the exhaust air stream. This pushes the exhaust air out of 

the media, where it is mixed with the supply air. 

It is possible to reduce transfer of this entrained volume of air 

by purging from the supply to the exhaust. This is accomplished by 

arranging the partitions and air seals so that entrained exhaust air is 

purged from the heat transfer material, captured in a purge section, and 

returned to the exhaust air stream. Tests reveal a properly designed 

purge operating in a system having a negative pressure differential from 

the supply to exhaust duct will reduce the cross flow contamination to 

less than one percent by volume for randomly packed exchangers and less 

than 0.2 percent by volume with directionally oriented media. 

Air-to-air rotary heat exchangers are packed with a coarse knitted 

metallic mesh, synthetic felt or an open corrugated non-hygroscopic or 

hygroscopic materials, so most airborne dusts pass through the heat 

transfer cylinder. Fine, dry, inert dusts in relatively small quanti

ties present no problem in a counterflow arrangement. 

The air flow through the rotating exchanger reverses through 

each revolution of the cylinder; therefore, the heat transfer material 

is subjected to alternating directions of air flow, providing inherent 

self cleaning. If the contaminants in the exhaust air are also sticky, 
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greasy, fibrous, or are present in considerable quantities, a suitable 

filter should be irtstalled ahead of the exchanger. Roughing filters for 

outdoor air are recommended for elimination of leaves and large particles 

of foreign materials. For the metallic exchanger only, steam, compressed 

air or hot water .may be used for cleaning the wheel. 

Two manufacturers of rotary heat exchangers were invited to sub

mit bids on this application. They are the Wing Company of Linden, New 

Jersey ·and the Carnes Company of Verona, Wisconsin. The engineering 

staff of each company made selections that were very similar in size. 

They both use computer programs for application calculations. 

The Wing Company quoted the Model WC 4770 Correx wheel. The 

wheel surface is manufactured of corrugated metal and is directional 

thus producing laminar flow. The total face area is 92 square feet. This 

will provide an actual face velocity of 766 feet per minute in the exhaust 

side and 1090 feet per minute in the supply side. The mass flow weighted 

effectiveness (ex W . /W) is equal to .527. Additional pressure drop min s 

in the supply will be .93 inches of water and in the exhaust will be 

.66 inches of water. See Appendix, page 58 and 59. 

The Carnes Company quoted the Model T 144 MS wheel. The wheel 

surface is manufactured of knitted and corrugated aluminum wire media, 

folded and skewered into wedge sections. The media has randomly oriented 

air passages. The total face area is 113 square feet > This will provide 

an actual face velocity of 624 feet per minute in the exhaust side and 

885 feet per minute in the supply side. The mass flow weighted effec

tiveness is equal to .540. Additional pressure drop in the exhaust will 

be .65 inches of water and in the supply will be 1.1 inches of water. 

With the randomly oriented air passages, preheat of air will be required 
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when the outside supply air temperature is 10°F or below. If preheat is 

unacceptable, the .wheel would not be used at outside air temperatures of 

10°F or below and thus no heat energy recovery would take place during 

this time. See Appendix, pages 60 and 61. 

Heat Pipe Nonregenerative Type 

The heat pipe air-to-air recovery unit is a nonregenerative super 

conducting device that has no moving parts. It is very similar in appear

ance to a dehumidification coil with a partition separating the face into 

two equal sections. When installed in a system, the ducts are arranged 

so that one air stream flows through one side of the unit, and the other 

air stream flows through the opposite side. Heat is then transferred 

from stream to stream. Although the heat pipes span the width of the 

unit, a sealed partition separates the two airstreams, preventing any 

cross contamination between them. Energy from the hot air is transferred 

by the heat pipes to the other side of the exchanger where it is cap

tured by the cold air, thereby warming it. 

The unit is constructed of an array of finned tubes; each tube 

sealed at both ends. These tubes are the actual heat pipes. A heat 

pipe is a tube which has been fabricated with a capillary wick struc

ture, evacuated, filled with a refrigerant, and permanently sealed. 

Thermal energy applied to either end of the pipe caus~s refrigerant at 

that end to vaporize. The refrigerant vapor then travels to the other 

end of the pipe where thermal energy is removed, causing the vapor to 

condense into liquid again, thereby giving up the latent heat of conden

sation. The condensed liquid then flows back to the evaporator section 

to be reused, thus completing the cycle. See Figure 8 for a schematic of 

the heat pipe cycle. 
I 
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Fig. 8. Heat Pipe Schematic 

The heat pipe is a completely reversible isothermal device that 

operates in a closed loop condensation/evaporation cycle which is con

tinuous as long as there is a temperature gradient to drive the process. 

Gravity can be utilized to assist in returning the condensate to 

the evaporator section by operating the heat pipe on a slope with the 

hot (evaporator) side below horizontal. Conversely by placing the heat 

pipe on a slope with the evaporator above horizontal, gravity retards 

the condensate flow. Changing the slope of the heat pipe thus provides 

a means to control the heat pipe capacity, and in turn, the performance 

of a heat pipe exchanger. 

A heat pipe heat exchanger is basically a sensible heat transfer 

device, although condensation on the fins does allow latent heat trans

fer, resulting in improved exchanger performance. The equations for 

effectiveness and leaving supply air condition presented in Chapter III, 

page 21 can be used for calculations. 

The operating effectiveness of a heat pipe recovery unit is a 

function of at least fifteen inter-related parameters. The interaction 

of any one of these with any other parameter or set of other parameters 

represents a trade-off point in the de~i-gn of a unit. Design 
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effectiveness can be varied over a wide range, with a fabrication cost 

figure implicit in_ the design criteria. A typical unit fairly well 

optimized for heating and air-conditioning service will be built on a 

six-row co_il format, with 5/8 inch diameter heat pipe tubes and Refriger

ant 12 as the working fluid. Typical effectiveness with respect to face 

velocity is plotted in Figure 9. 
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Fig. 9. Efficiency of a Heat Pipe Exchanger 

Conditions similar to those for rotary equipment govern the 

feasibility of applying the heat pipe air-to-air recovery units. The 

following factors should be considered: 

1. The units are a sensible heat recovery device. They should be 

used where latent heat recovery is not desired, or is not impor-

tant. 

2. The air streams are totally isolated from each other, so there can 

be no cross contamination. Units can be fabricated with the par

tition brazed or welded to the tubes for critical applications. 
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3. No electric power is required, and there are no rubbing surfaces, 

a safety consideration where combustible vapors or dusts are in

volved. 

4. Due to the compact nature of these units, applications in addition 

to exhaust air heat may be considered. 

Heat pipe recovery units perform like bare metallic rotary units 

with respect to condensation and freeze-up. Since there are no moving 

parts in these units, the problem of mechanical damage is minimized, but 

frozen condensate can form on the face of the unit and stop air flow. 

Each situation that presents a freeze-up problem should be evaluated on 

its own merits. Preheating of the supply air or face-and-bypass efficien

cy modulation are used for controlling freeze-up. 

The air streams must be counter-flow for maximum heat transfer. 

The air streams are isolated from each other and cross contamination 

does not exist. Fan location is not a critical factor. 

Heat pipe recovery units require the same filtration protection 

that a dehumidification coil would require when operating in the same 

environment. Fin pitch and the number of rows are the governing factors. 

Usual cleaning methods can be used (steam or pressurized hot water), 

however, the manufacturer should be consulted as to the maximum tempera

ture to which the coil should be subjected. 

There are two manufacturers of heat pipe recovery units. They 

are the Q-Dot Corporation of Dallas, Texas and Isothermics Incorporated 

of Augusta, New Jersey. Both companies have submitted bids on this 

application. They have computer optimization programs to select the 

best equipment for the application with maximum efficiency and least 

cost of equipment as the primary objectives. 
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The Q~Dot Corporation has quoted three 5 row/14 fin per inch type 

AC units to be stacked on top of each other. Each unit is 192 inches 

long and 40.5 inches high. Total face area for the three units is 162 

square feet. The partition will be placed so that 95.25 square feet 

will be in the supply side and 66.75 square feet will be in the exhaust 

side. This will provide an actual face velocity in both the supply and 

exhaust of 525 feet per minute. The units will be fabricated from one 

inch OD aluminum tubes with corrugated aluminum fins and will be supplied 

with a corrosion resistant phenolic coating. 

The Q-Dot installation will provide a mass flow weighted effec

tiveness (e ·x W. /W) equal to an average over the supply temperature min s 

range of .66. Additional pressure drop in the supply will be 1.00 

inches of water and in the exhaust will be 1.48 inches of water. See 

Appendix, page 62. The following table enumerates the design conditions 

for this system. 

TABLE 4 

DESIGN CONDITIONS OF Q-DOT HEAT RECOVERY SYSTEM 

Design Condition 

Exhaust Flow Ent. 

Exhaust Temp. Ent. 

Recovery Effectiveness 

Supply Temp. Ent. 

Supply Flow Ent. 

Enthalpy Exhaust Ent. 

Enthalpy Supply Ent. 

Supply Temp Leav. 

-2°F Supply Temp. 

35,250 CFM 

80°F 

.6996 

-2°F 

50,000 CFM 

38.9 BTU/lb 

-.5 BTU/lb 

55.4°F 

37°F Supply Temp. 

35,250 CFM 

80°F 

.6677 

37°F 

50,000 CFM 

38.9 BTU/lb 

8.9 BTU/lb 

65.7°F 
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Design Condition 

Exhaust Temp Leav. 

Enthalpy Supply Leav. 

Enthalpy Exhaust Leav. 

Heat Saved 

TABLE 4 (CONT.) 

-2°F Supply Temp. 

47.5°F 

37°F Supply Temp. 

63.4°F 

Moist. Cond. Out 

13.3 BTU/lb 

18.9 BTU/lb 

3,097,872 BTU/hr 

28.5 lb/min 

15.8 BTU/lb 

28.9 BTU/lb 

1,550,493 BTU/hr 

14.2 lb/min 

The Isothermics Company has quoted three 6 row/12 fin per inch 

units to be stacked on top of each other. Each unit is 151 inches long 

and 52 inches high. Total face area for the three units is 141 square 

feet. The partition will be placed so that 70.5 square feet will be in 

the supply side and 70.5 square feet will be in the exhaust side. This 

will provide an actual face velocity of 500 feet per minute in the ex

haust side and 709 feet per minute in the supply side. The units will be 

fabricated from 5/8 inch OD aluminum tubes with corrugated aluminum fins 

and will be supplied with a corrosion resistant phenolic coating. 

The Isothermics installation will provide a mass flow weighted 

effectiveness (ex W . /W) equal to an average over the supply temperamin s 

ture range of .65. Additional pressure drop in the supply will be 1.3 

inches of water and in the exhaust will be .98 inches of water. 

Installed Costs of Heat Recovery Systems 

Three contractors have submitted bids for this system. All 

systems use basically the same ductwork design but they differ in the 

type of heat recovery equipment. See Appendix, page63 for sketch of 

general layout of system. The bids received for the heat recovery 
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system are as follows: 

1. Thompson Heating using the Q-Dot heat pipe - $39,554.00 

2. A. A. Samuels using the Carnes regenerative wheel - $32,780.00 

3. A. A. Samuels using the Wing regenerative wheel - $37,345.00 

4. Woodward Heating using the Isothermics heat pipe - $38,685.00 

5. Woodward Heating using the Q-Dot heat pipe - $38,685.00 

The heat recovery equipment and ductwork represents additional 

roof loading of about 6,000 pounds. Boardman Steel has submitted a bid 

of $1,950.00 including freight to furnish the beams, bracing and pipe 

posts to reinforce the roof to enable it to carry the additional loading. 

This reinforcing of the roof structure would be done above the roof and 

would not involve any interruption of production in the plant. The cost 

of erection and rigging of the reinforcing steel has been quoted by 

Diamond Steel at $1,406.00 and by the Woodward Company at $1,165.00. 

The heat recovery equipment and ductwork will add static pressure 

drop to the exhaust fan and to the Make-up Air Heater. This will neces

sitate av-belt drive change on the exhaust fan at a cost of $160.00. 

It will also require increasing the motor size on the Make-up Air Heater 

to 50 Hp (from 30 Hp) and av-belt drive change. The existing motor 

starter has enough capacity for the larger motor bµt the branch circuit 

wire size must be increased to #3 gauge. Total cost of the motor, v-belt 

drive and electrical work is $1,700.00. An additional $600.00 is re

quired for electrical work for the rotary regenerative type wheel. 
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CHAPTER IV 

COMPUTER MODEL OF ENERGY RECOVERY AND EXHAUST RETURN SYSTEM 

Description of Computer Program 

A computer model has been developed to determine the optimum 

selection of the heat recovery system and to tabulate the energy usage 

with and without heat recovery. Average weather data from the Youngs

town area was used as input data for the computer model. This is data 

that is based on an average over the last twenty-five years weighted to 

take into consideration extraordinarily extreme weather conditions. 

The computer language used for the model is Fortran IV. See 

Appendix, page 64 for complete program. The calculations performed in 

the model are based on the following equations: 

1. TF =TO+ [Ex (TE TO)] 

TF = recovered air temperature (°F) 

TO= outside air temperature (°F) 

E = weighted effectiveness of heat exchanger 

TE= temperature of exhaust air (°F) 

2 . QREQ = CFM x 1. 08 x { 65 - TF) x HN 

QREQ = quantity of energy (BTU' s) required to heat the 
quantity of air to 65°F using a heat exchanger 

specified 

CFM = quantity of air involved in particular calculation (cubic 
feet per minute) 

1.08 = factor based on .075 pounds per cubic foot of standard air, 
.24 BTU per pound F0 specific heat and 60 minutes per hour 

TF = recovered air temperature (°F) from equation 1 

HN = Total number of hours for the month at specific temperature TO 
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3. QNOR = CFM x 1.08 x (65 - TO) x HN 

QNOR = quantity of energy (BTU' s) normally required to heat the 
specified quantity of air to 65°F 

CFM = quantity of air involved in particular calculation (cubic 
feet per minute) 

1.08 = same ·factor as in equation 2 

TO = outside air temperature (OF) 

HN = total number of hours for the month at specific temperature TO 

4. QSAV = CFM x 1.08 x (65 - TO) x HN 

QSAV = quantity of energy (BTU's) required to heat the specified 
quantity of air to 65°F that would be saved due to the 
recirculation system 

CFM = quantity of air involved in particular calculation (cubic 
feet per minute) 

1.08 = same factor as in equation 2 

TO= outside air temperature (°F) 

HN = total number of hours for the month at specific temperature TO 

The program printout shows in tabulated form the total value of 

QREQ, QNOR, and QSAV for each month of the winter heating season. The 

values of the effectiveness of the four heat exchangers were used to 

compare the energy savings that would be produced by the different sys

tems. With the Carnes Wheel, frosting would occur at outside air tempera

ture of 10°F or less. It was decided to stop the wheel at this point and 

not risk damaging the wheel or fan. Electric preheat was not acceptable 

because with the present substation, not enough service was available. 

Also, because of the purge requirement (3% of supply volume) with the ro

tary regenerative type, QSAV was based on a lesser volume than with the 

heat pipe nonregenerative type. This was done since the Make-up Air 

Heaters without recovery could not have volumes reduced quite equal to 
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the volume of the recirculation system and still maintain the required 

air balance. 

Simulation Results 

The energy saved for each heat recovery system model will be 

equal to the difference in energy required to heat the specified volume 

of air without recovery (QNOR) less the energy required with recovery 

(QREQ). The total energy saved for the combined recovery and recircula~ 

tion systems will be this difference (QNOR - QREQ) plus the energy 

s'aved due to the recirculation system (QSAV). 

The following table presents the results of the computer simula

tion for the heating season of October through April. 

TABLE 5 

COMPUTER SIMULATION RESULTS 

Manufacturer Effectiveness QNOR-QREQ QSAV Total Q 
(109 BTU) (109 BTU) Saved 

Wing-wheel .527 5.4075 2.8527 8.2598 

Carnes-wheel .540 5.1813 2.8523 8.0336 

Isothermics-heat pipe .650 6.7703 3.0738 9.8441 

Q-Dot-heat pipe .660 6.8745 3.0738 9.9483 

The East Ohio Gas Company has allocated specified quantities of 

natural gas by monthly allocations. The allocations differ from month 

to month and are determined through mutual agreement at the beginning 

of the fiscal gas year in March. The allocation can be exceeded by 10% 

for one month as long as the total allocation for that quarter does not 

exceed the quarter's allocation. At the present time, the natural gas 

allocation schedule at Gener~~Extrusions requires the use of one truck-



8 load of propane (equal to 7.2 x 10 BTU at 100% combustion efficiency) 

during every month. The natural gas allocation schedule for 1976 will 

be changed to reflect the energy conservation program. Thus the first 

8.64 x 109 BTU saved during the year will be costed at current propane 
. 6 

prices ($3.80 per 10 BTU) and the balance will be costed at current 
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natural gas prices ($1.26 per 106 BTU). These costs are based on 100% 

combustion efficiency. From the descriptive literature of the W.C. Grant 

Make-up Air Heaters and the operation experience, it was determined that 

an efficiency of 95% would be used for the energy dollar savings calcu

lations. Thus at 95% combustion efficiency propane costs $4.00 per 106 

BTU and natural gas costs $1.33 per 106 BTU. Table 6 presents the energy 

dollar savings from each system. 

Manufacturer 

Wing-wheel 

Carnes-wheel 

Isothermics-heat pipe 

Q-Dot-heat pipe 

TABLE 6 

ENERGY DOLLAR SAVINGS 

Total Q Total Dollars 
Saved Saved 

(109 BTU) 

8.2598 $33,039.00 

8.0336 $32,134.00 

9.8441 $36,161.00 

9.9483 $36,396.00 

I 

Total Systems 
Cost 

$47,344.00 

$42,779.00 

$47,843.00 

$47,843.00 
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CHAPTER V 

ECONOMIC ANALYSIS 

Life Cycle Costing 

The concept of life-cycle (long term) costing is becoming increas

ingly important to industry. In life-cycle costing, instead of consider

ing only the initial (capital) cost of a project, you include all the 

costs of owning a project over its lifetime. These costs fall into two 

general categories: 

1. Initial, or capital, cost 

2. Operating and Maintenance (O and M) cost. 

Category 1 . includes all the front end project costs - every

thing from land and construction costs to engineering and legal fees. 

Category 2. can include, in addition to annual operating and maintenance 

costs, such items as real estate taxes and insurance, if these costs 

appear as variables that could affect the owner's economic choice among 

different alternatives. 

The concept of life-cycle costing involves ~he total cost of 

owning a building or piece of equipment, throughout its assumed useful 

life. It differs from the traditional concept, expressed in conventional 

lump-sum bidding, of focusing exclusively on first cost as the sole eco

nomic criterion for comparing construction alternatives. For accurate 

comparison of alternatives, you must reduce costs to a common base. Nor

mally, this is the total annual cost comprising (a) amortization for the 
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capital investment, plus (b) operating and maintenance (O and M) _cost, 

plus such potential annual variables as insurance premiums or real estate 

taxes, if they differ for the compared alternatives. 

Benefit - Cost Analysis 

A benefit - cost analysis can provide a rational basis for 

choosing among alternatives. It can be utilized to determine which of 

two or more alternative systems provides the best cost benefit. 

When using benefit - cost analysis to select between two systems, 

a simple formula can be used to determine if the additional costs of the 

more expensive system are merited in light of long term cost factors. 

The result is a benefit - cost ratio which, if it exceeds 1, indicates 

that extra initial expenses will result in long term savings. 

The systems that will be compared based on this benefit - cost 

ratio will be the Wing wheel and Q-Dot heat pipe comparison and the 

Carnes wheel and Q-Dot heat pipe comparison. The Q-Dot heat pipe is 

obviously the better selection over the Isothermics heat pipe since the 

installed and maintenance costs are the same and the energy savings is 

greater with the Q-Dot system. A 20 year useful life and a 10% interest 

rate is used to calculate the capital recovery factor (a factor that 

multiplied by the total loan amount yields the annual payment necessary 

to repay debt). In this case, it will be 0.11746. Current energy costs 

are used throughout the 20 year life. 

The following is the comparison of the Wing and Q-Dot systems: 

Total First Cost Wing System .............................. $47,344 

Total First Cost Q-Dot System ............................. $47,843 
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Q-Dot exceeds Wing by ...•.................................. $499 

Wing annual operating, maintenance and 
energy cost exceeds Q-Dot by ........................... $3,357 

Amortization cost for additional capital investment of the Q-Dot 

system would be .11746 x $499 or $58.62. Therefore the benefit - cost 

ratio for the Q-Dot system would be: 

annual savings $3,357.00 
= 57.3 

amort. cost $58.62 

Because the benefit - cost ratio far exceeds 1, the Q-Dot system although 

initially more expensive, will provide more long term savings. 

The following is the comparison of the Carnes and Q-Dot systems: 

Total First Cost CArnes System ........................... $42, 779 

Total First Cost Q-Dot System ............................ $47,843 

Q-Dot exceeds Carnes by .•....................•.......... $5,064 

Carnes annual operating, maintenance and 
energy cost exceeds Q-Dot by .......................... $4,262 

Amortization cost for additional capital investment of the Q-Dot 

system would be .11746 x $5,064 or $594.82. Therefore the benefit - cost 

ratio for the Q-Dot system would be: 

annual savings $4,262.00 
= 7.2 

amort. cost $594.82 

Because the benefit - cost ratio exceeds 1, the Q-Dot system again, 

although initially more expensive, will provide more l0ng term savings. 

Payback Period Analysis 

From the benefit - cost analysis it is obvious that the Q-Dot 

system is the best selection. When making a payback period analysis, 

cost of debt service must be considered. The following formula is used 



to calculate the payback period: 

s/rC 
log 
'·. ·: s/rC - 1 

n = 
log (1 + r) 

where: 

C = Capital cost 

s = Annual operating and maintenance savings 

r = interest rate 

n = number of years to achieve payback 
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(6) 

For the Q-Dot system selected, the payback period was calculated 

using C = $47,843, s = $36,396 and r = .10. The payback period (n) = 1.48 

years. 

Selection of Optimized System 

A meeting was held with the management of the company to discuss 

the project. The energy savings, capital cost and payback period were 

reviewed. The system will take ~dvantage of the present fixed cost of 

heat recovery equipment and the future increasing cost of energy. The 

company decided to go ahead with the project and the contract was awarded 

to the Woodward Company. 
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CHAPTER VI 

CONCLUSION 

Description of the Q-Dot System 

The energy savings that will result from the recirculation and 

Q-Dot heat recovery systems will be approximately 10 million cubic feet 

of natural gas or propane equivalent. Energy savings will vary yearly 

due to varying weather conditions. Energy dollar savings will be approx

imately $36,400. Based on the quoted installed cost the payback period 

will be 1.48 years. 

The heat recovery system will require no change in plant opera

tion since the exhaust fans are continuously operating twenty-four hours 

per day and seven days per week. The system will recover heat contin

uously if the Make-up Air Heater fan is operating. To fully utilize 

this recovery system this Make-up Air Heater should operate continuously. 

Only one of the Make-up heaters operates on weekends, so it will be the 

one with the heat recovery system. 

This is the largest single installation of Q-Dot equipment in 

the country. This system handles a total of 85,000 CFM, exhaust and 

supply. The system is also the only one in the country handling such a 

low temperature but high humidity exhaust and because of this has re

ceived considerable engineering study by Q-Dot personnel to compare theo

retical and actual values of the system's operation. 

As a by product of the_ energy recovery system, a significant 

quantity of water vapor will condense on the heat recovery coil. The 
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system will produce about one hundred and fifty gallons of water per 

hour for average winter outside air temperature of 35°F. As the outside 

air temperature decreases, more water will condense. This water can be 

recycled back into the tanks. The piping system will be completed by 

the Woodward Company. 

Installation 

The contract was awarded to the Woodward Company on November 25, 

1975. Actual construction of the recirculation system and the ductwork 

required for the recovery system began on December 10, 1975. The recir

culation system and the recovery ductwork was completed on December 23, 

1975 with no problems during installation. 

Installation work stopped because of delay in manufacture of 

Q-Dot heat pipes. The Q-Dot units were received on January 12, 1976 and 

the placement of these units on the roof was completed that day. Work con

tinued on the system and all transition ductwork was completed on January 

23, 1976. The system was fully operational on January 26, 1976. During 

the installation the operation of the plant was not affected. The ex

haust fan was not operating for only a period of three separate eight 

hour days. The installation of the larger motor on the Make-up Air 

Heater required only one eight hour day. 

The total installation proceeded with no major· problems. On 

February 2nd, final air balancing of the system was to be completed. 

General Extrusions Inc. 's local union contract ended on February 1st 

and the union struck the plant. The system was shut down for the dura

tion of the labor disruption and as of this writing final air balance 

and performance testing have not been completed. 
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Preliminary Testing of Performance 

During the last day of operation of the system before the strike, 

testing of the effectiveness of the heat exchanger was done using Honey

well duct thermostats. These thermostats only read to an accuracy of 

±2°F. But with this rough test the effectiveness of the unit was .67. 

Sensitivity Analysis 

A preliminary investigation of additional heat recovery equip

ment will be presented in this section. Additional energy saved will 

be costed at natural gas prices since propane is no longer required due 

to the heat recovery system already installed. This will provide longer 

payback periods. Also, because of the exhaust fans and Make-up Air 

units, recovery systems will have to be ins.talled for large air volumes. 

As an example, the exhaust fan-separator Mark A (see Figure 1, 

page 3), exhausts a relatively clean air that would not be too corrosive 

to the Q-Dot heat pipe. Because of the scrubber design and the equip

ment layout, the estimated cost to add heat recovery to Mark A and Mark 

E, the Make-up Air Heater, would be $65,000. Energy savings would be 

approximately 9.68 x 109 BTU based on a reduced mass flow weighted ef

fectiveness of .56 because of the lower humidity and condensation condi

tions. Based on the cost of natural gas of $1.33 per 106 BTU, this would 

result in an energy savings of $12,874.00. Using the payback period anal

ysis in Chapter V, the number of years to achieve payback would be 7.4. 

At present energy costs this payback period would not be acceptable 

because the capital could be invested in other projects that would pay 

a better return. 
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This project could become feasible if natural gas costs increased 

and/or interest costs decreased. Based on natural gas costs doubled and 

interest at 8%, the payback period would be 2.93 years. Based on natural 

gas costs tripled and interest at 8%, the payback period would be 1.87 

years. 

As can be seen from the above estimate, at present energy costs 

it is not feasible to install additional heat recovery equipment. 

This thesis has shown that energy conservation techniques can be 

economically applied in industrial situations and can provide an answer 

to the national problem of energy shortages. 
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APPENDIX 
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ANODIZING 

1. Definition: Anodizing is an electrochemical reaction that builds a 

hard transparent oxide film on the surface of the aluminum. By 

making the aluminum part an anode in electrolyte solution, a dense 

anodic coating is formed. The acid electrolyte provides oxygen 

ions that react with the aluminum ions to form the oxide coating. 

The result is a coating that starts on the outside of the metal 

and grows inward. This coating is clear, transparent, and color

less, with about the hardness of a diamond. 

2. Purpose: To make the metal corrosion resistant, wear resistant, and 

give extra hardness. Because the anodize coating is porous, the 

metal can be dyed any number of colors for an attractive finish. 

3. Process: 

a. Rack Parts 

1. To maintain a good electrical contact during anodizing, 

firm clamping is necessary. (Clamping or pin marks will 

be noticeable after part is anodized. They will be more 

pronounced on longer and heavier material.) 

b. Clean Parts 

c. Etch, brite dip, and anodize 

1. Any combination of these three can be used, but they must 

remain in above order. 

d. Dye (color) 

1. The anodize coating is porous (500 billion pores per square 

inch) and will allow dye to permeate metal. 

2. Virtually any color is possible. Popular colors now are 

gold, bronze, pewter, black, blue and red. 
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3. All dyes will fade to some extent with the exception of the 

GE 300 series, which is an inorganic dye. 

e. Color Seal 

1. Sets the dye 

f. Hot water seal 

1. Seals the metal 

2. Sealing time increases in conjunction with anodizing time. 

g. Parts are dried and unracked. 
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FEATURES OF 
W. C. GR1'HH MA UtJITS 

Quick, Low Cost 
lnsta ll.i tion 
The r-- 1A unit Is delivered as a com plete 
pack,; c; u. incluoing fa'l. m0 to r 
opc r;n,:d sh utter. com plet ~ly wi rE'd 
con t10:s anc all pI p,n'J. Tn c he;:; vy. 
rein rorccd hous,no Is r,i ounted , n an 
integral. channel ,r 'J n i ,ame to ~ «.ure 
rig id ity. simp ldy 1ns:a:ia t ion ano 
ch min.J le the cos1 c t a field erected 
i:,-latform . Easy erec: ,on. s,mnle 
conn ection of oas and elcc tr, cal 
service anc pos1t,on1no oi :he 
temperatL.'rc con! ro l sensrrig element 
com ple te l ,~e ins!atlat,on. Each unit Is 
fired, ad jus ted . a~d com p!,~!~,., tested 
before '$h1pment. F1!.' ld aa 1u,t r.1.:? nl of 
th e pressure regu lator read ies the i.lA 
unit for o perat ion. tJo other 
adjustments are needed. 

Economical-
Com ~Jle! 2 Combustion 
MA un its are less expensive to 
purct ,ase and o perate tnan o rd inary 
space heate r make-up a,r svstems. 
Combust ion is so comoIete (uo to 
100% effic iency, co m pareo to 60% 
maximum in other tyoes) th :11 gas 
concentrations are far bel ::,w the 
maximums allowed by ail federal . state 
and loca l reg u: :i t,ons . Even ,t tre uni t 
were to be in '. · nti ona lly set out of 
adjustment . t ;, c products of 
co rr-bust ion wouto be well below tne 
m~ <imum allowa b li! conc entrations as 
Sc- t fo rt h by the Ameri can Co nfe rence 
of Governmental Ind ustrial Hygieni sts. 

Fail-Safe Controls 
Flame protection . !emperature. air flow 
and gas pressure control s not only 
govern the s1ar1 Ing cycIe out. also , stop 
the un it iail- sJfc in case of any 
malfunc t ion. such as imoroper gas 
pressure, f lame or pc wer fa ilure. 
excessive tempe, atu re s. or the failure 
or fc1n or motor . 

Insurance 
Comp3ny Approved 
Type MA un itsw,II meet all 
requirements of FM or FIA 

Full Temperature Control 
nurner provid es ful l proport IonIng 
temperatu re contro l up to a 30:1 
turn-down rat io . 

Warm Weather Ventilation 
A separate sw itch d,sconnec1s all gas 
circu it ry . t11u s perm,tting the ran to oe 
operated 1ndependc n1Iy ,n warm 
weather. 
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HOvVTO SELECT YOUR MAlCE-UP AIR HEATE 

Volt..:mc Requirements 
For tt · ~ prop _r operat ion ol a 
ventI lu ling , .. tern . 1ne oua nt ,•v o! 
m a~e-up air ~tloutd excee d tne 
e xhau sted 2 11 oy s~. to 1 o~·,. Thi s will 
he- Ip ~rov i,:k a posi1,ve pressure in the 
budd ing. Con sul t local cones for 
requ irements or restrictions. 

Heating Requirements 
Arter caIcula11ng the volu.r.e of 
m ake-up a,r recu,red . se ic! CI the 
tem oerature ri se of that u111t. The 
temperature ri se is :r.e d, fterenc~ 
be tween the lowest (·xpec led ou tside 
temperature and the desired delivery 

VOLUME 

temperature. 

System Static 
Pressure Requirements 
This ref8rs t o equ ,pment and 
accesso rie s Pxtern.it to the basic 
blower-b ur r. ·, r un it. T~,e fotiow1 r,o 
static pr r. ' ·. rP al lowance s st,ou !ct t e 
used for ;; c . SSOfl !!S to the W. C. (; rant 
Cc -n pany .. •'f l. 

F, ., ·.!1 Ai r :,, ta ke Hood . .. ,1/e in . W.C. 
Fi 11-;, r Se c• ·, n .. . . .. .. . . .. % in . W.C. 
0 :scharg•· Diffusers .• .... 1/, in. W.C. 

In ;,,dc!1t ion I" these , be certain to 
include all o ... 2nces for any inlet and 
out iet duct wo rk. 

MA 55 I 3.630 .0CO 1 4.2~0.0GO I .q;.:o.oco 5.J :<0 .000 5.E 55.CCO 
.• P-C * 
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HORIZONTAL rv'iAICE·UP AIR HEATERS 
Horizonta l models are best su ited to bu ild• 
lngs w~2re on-roo l. or under-roo f (ceiling) 
lnst:,l.;, t •on is preferred. All weather 
ma ir, :i::: na r,ce access ,b ility. bu ild ing 
CO n$\r uc t: on and locat ion may det ermine 
th e: selection of the horizontal unit. 
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TABLE 7 

DESCRIPTION OF TANK SOLUTIONS IN ANODIZING LINE 

Tank Number Solution Temperature Heat Loss Tank Size 
(BTU/hr) (gallons) 

1 Alkaline Clean 160°F 227,852 3656 

2 Rinse ambient 3656 

3 Rinse ambient 3656 

4 Acid Clean 170°F 268,324 3656 

5 Etch 140°F 155,536 6094 

6 Rinse ambient 3656 

7 Rinse ambient 3656 

8 Bright Dip 200°F 453,042 3656 

9 Rinse ambient 3656 

10 Rinse ambient 3656 

11 Rinse ambient 3656 

12 Desmut ambient 3656 

13 Rinse ambient 3656 

14 Anodize ambient 3656 

15 Anodize ambient 3656 

16 Rinse ambient 3656 

17 Rinse ambient 3656 

18 Color 150°F 139,875 3656 

19 Color 145°F 131,540 3656 

20 Color 150°F 139,875 3656 

21 Rinse ambient 3656 

22 Color 140°F 114, 730 3656 
I . 

23 Color 150°F 139,875 3656 
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TABLE 7 (CONT.) 

Tank Number Solution Temperature Heat Loss Tank Size 
(BTU/hr) (gallons) 

24 Color 135°F 111,370 3656 

25 Col_or 150°F 139,875 3656 

26 Nickel Acetate 160°F 227,852 3656 

27 Rinse ambient 3656 

28 Rinse ambient .3656 

29 Hot Water Seal 200°F 453,042 3656 

30 Hot Wa.ter Seal 200°F 453,042 3656 
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·ROTARY AIR TO AIR SENSIBlE HEAT tX~HANGER 

Can rc con r up to 85% of wasted sensible 
: energy in exhaust airstream and uses it to 
prehea t or pre -cool the incoming air stream 
in makeup air hea ting and ventilati n:~ systems 
in all buil dings requiring introd~1ction of 
outside.air to replenish '.hat which h3s 
been exhausted. 

This reduces operating costs of heating 
makeup 2:.-·in the winterti me and reduces 
operc:, ~ing costs of coo iing makeup air 
in the surr,mer. 

It reduces the size and costs of boiler 
and refrigerat ion equi pment and will permit 
expa nsion of existing faciliti es without 
cnla rfi ng exist ing boiler or refrigeration 
planL . 
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_.,_._..._ ....... _....,.. __ ....... __ __,_ 

The Wing Correx energy ·recovery wheel, when rotating across supply 2nd exhaust ductwork, absorbs heat from the warmer 
airstream and transfers it to the cooler airstream. The rotation of the wheel provides a "_flow" of heat energy from the warmer 
to the cooler airst ream. 

SUM1,'. f.R or:··RATION 
Cold recomed from room exhaust prccools incoming fresh air 
supply. 

HOT 
OUTSI~ 
AIR 

WARM 
EXHAUST C::::~:b 
AIR 

,ioTATION OF WHEEL 

r WING C_ORREX WHEEL 

SUPPLY AIR OUCTWORI( 

MODEL NO. 

WC 350 

·· WC 875 

WC 1400 

WC 2150 

WC 3160 

WC 4770 

A 

42 

64 

83 

!01 

120 

144 

ours,cx; AIR 
10 ROOM 

COOL ROOlol 
EXHAUST AIR 

B 

21 

32 

41½ 

51 

60 

72 

WINTER OPEP.ATION 
Heat recovered from room air preheat!. incomin, fresh air supply. 

COLO...._.,.. 
OUTSIDE 

AIR 

COOLED 

EXHAUST,;::::::::=::::~ 

AIR 

ROTATION OF WHEEL . 

C FACE AREA 

12 3.30 

13¾ 8.13 

13-r, 13.15 

16¾ 21.10 

19~ i 31.00 

19¾ 46.05 

CORREX WHEEL 

AIA 

TO AOOU 

NET 
WEIGHT 

LBS. 

600 
--

1150 

2150 

2450 

3100 

4350 



Principle of Operation 

Carnes Thcrm·O-\Vhecl reorescnts a highly efficient method 
of tram/erring valuable h~a t energy contained in exhaust 
air streams. Energy is reta ined by transfe rring the heating 
or cool ing effect from the ex haust ai r stream to the 
incoming outside air stre am. 

Unique in its d esi gn and function, the Carn es Therm•O· 
Wheel has the ab ility to ; rans fcr bo th moisture and tem
perature (latent ,,id iens ble he at i to provide uniform 
supply a ir cond it ions. H ighly efficien t and compact, the 
Carn es Therm-O-Whu·I crovides for y(•Jr- round environ· 
ment~I control whi le r~ ducing make-up :, ir lo~ding. 

Ventilation air is g~nc r3 lly requ ired by code, comfort, or 
process. Introduct ion r, f fre:h air to these spaces helps 
maintain de ~ig n conditions by dilut ion and purging. 

Sys tems exhausting· large quanti ties of preconditioned 
air (or gas) represent outs ide air thermal pol ution and 
wasted energy. Cond ition ing fresh air for m cke-up places 
a substantial load on the air conditioning or h eating 
system. 
Exhaust air (from the buildhg or space) and make-up air 
(from outs ide) are introducea w each hall of the Therm· 
0-Wheel through ad jacent and separate d ucts. Within the 
Therm-O-Wheel structure a thin cylinder containing heat 
transfer m edia slowly rotates between the two air streams; 
Energy absorbed by th e media from one air stream is 
then transferred to the other. 

During a heating cycle (Figure 11, incoming lower tempe
rature fresh a ir is heated and hum idif ied by heat trans• 
ferred from the warm, moist exh aust a ir. During cooling 
cycle (Figure 2J, warm moist outside air is cooled and de
humidified in a similar manner by transferring energy to 

· the cool exhaust air. · · 

Applications 

Central Air Conditioning Systems (Figure 31 
The Therm-O-Wheel ~-hen used in a comfort application, 
allows for t empering of the outside air on a year-round 
basis when it is roupled with a heati ng and cooling system. 
Reduction of fuel and power cost is rea li zed when the 
Therm-0-Wheel heats and humidifies outside winter air 
and cools and dehum idi fies outside summer air. 

Industrial MJ ke-Up Aic Sys tems (figure 41 
The cost of heatin g ., t;,ct orv o r any oth er large indus trial 
complex can b r. greatly , ~duced with an instal lation of a 
Carnes Thcrm-O -i\'heel. The Therrn -O-Wheel allov.-s for 
additional exhaus t ano sup , ly air volum es which relieve 
negative pressures a r,d ei irnin J tes industrial pollutants 
from within the conditioned space. 

Industrial Procl(nes ( Figure 51 
With the in stal l,- ;:i n ,, f a Th erm-O-Wheel, fuel cos ts will 
be significantly reduc~><:l for dt ·; ing or ba.cing ov,• n i!PPli• 
c at ions. The unit uses the exhJust a,r to preneJt th e supply 
air go ing back to th ~ p rocess or air for oth er p rocesses. 
Heating a ir from the1e processes can ;, lsJ be used for"pre
hea t ing o u:side air for comfor t appl icat ions within a con· 
dit ioncd space. 
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Heating Cycle - Figure 1 
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Co oling Cycle - figure 2 
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Dimen sional Data 

figure 21 

TABLE 2 

1-1/2' " Flanges 
Both Sides · 

Dimensions 
(t r: .:• .~~1 TO48 

A 54 
8 24-1/2 
C(PS) 15-1 /2 
C(MS and HN) 201/2 
D (Max.) 9-3/4 
E 18-1 /4 
f 10-1 /8 
G 2-1/8 
H 8-1/4 
J B 
f~ (FPT Size ) 3/4 

->l'N 790 
1/:$ 835 
Hr~ 1000 

u~-◄G :JH . 
. D C 

TO GO 
66 
30 

15-1 /2 
20-1/2 
9-3/4 

22-1 /4 
14- 1/8 
2-1/8 
8-1/4 

8 
3/4 

935 
1000 
1265 

61 

Motor 

./Rotor 

1r-:r~::rBclt 

O::=Gcarbox 

Drive Chain 

~ ~----J 
------·I. •---- -J 

Frame. 
1-1/2" Flange Around 

figure 25 - B~lt Drive Detail 
"PS" and "MS" 

Figure 26 - Chain Drive Oeuil 
"HN•• 

MOO!:L 
TO74 TO8!1 I 1099 I 110 120 132 144 

81 95 I 106 11 8 128 140 152 ~ 
3.?·1/2 l; t. -1/2 t.9 54- 1/ 2 59-1/2 65-1,~L 71 -1/2 --·-
1 :>· 1/2 .15-1 /2 I 17-1 /2 I 17-1/2 19-1/2 19-1 / 2 21-1/2 
~0-1/2 20-1 /2 22- 1 /2 22- 1/2 24 -1.'2 24-1/2 26- 1/2 
!?·3/4 9-3/4~3/4 ! 8-3 /4 7-3/1 7-3/4 6-3/4 

28- 1/4 32-3/8 33· i /8 41 46-3/~ 50-1 /8 53-3/8 
16-1 /8 20-1 /4 22 24 -7 /8 26-5/a 30 33-1/4 
2-1 /8 2-1/8 2-1/8 2-1 /8 2-1 /3 2-1/8 1-1/8 
10-1/4 10-1/4 12- 1/4 12-1/4 14-1/4 14-1 /4 13-1/4 

9 9 11 11 12 12 12 
1 1 1 1· 1/2 1-1/2 1-1 /2 1-1/2 

Net \"/c ir. h t (lbs .) 

11 55 1390 17. ::J ,:::s 2370 2eso 3335 
1250 1525 19~:() 2~-~ ---t-1625 I 31 00 37CO-
1625 2000 2-:60 2930 :i-150 4050 l 4o50 

-

Mounting Arrangement 

Purge 

Note: Horizontal or vert ical airflow must also be specified. 

Mounting Arran9crnent A 

Figure 27 

Front 

Mountin g Arrangement B 

Figure 28 

ack 
(Shroud 
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Ba- I. 
(Sh roud 
Side) 

Back . 
(Sh roud 
S,de) 

Back 
(Sh roud 
S ide) 

Front 

Mounting .«\rrangement C 

f i~ure 29 

/1 ~ 
""· u I~ ~ . .-.Front :: 

Moun ti ng ArranGcmcnt D 

f ig-Jrll 30 

Exh. -. 

Back 
(Shroud 
Side) 

Back 
(Shroud 
Side) 
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I 

H+3" 

. iOLES @ 6" O.C 

f;l:w:~ 

~w-f 
J3/8" x 3/4# SLOT 

0-PIPEe- UNIT r:1,MENSIONS 

3" TYP 

u:m D!Y.Et,s,o:,s ANO TOTI-.L FACE ARE:.\ - !:O. FT. 
Dimension Dimension H 

· L 
A. 13.5" 20.3" 27" 33.8" 40.S" 

24" 2.3 3.4 
35., :,, 4 5.1 6.8 8.5 
48" Ir.~ 6.8 9.0 11 .3 13.5 
60"' 5.G 8.5 11 .3 14.1 16.9 
72n 6.8 10.2 13.5 16.9 20.3 
(14" 11.8 15.8 1~.7 23.6 
~.S" 13.5 18.0 22.5 27.0 

103" 15.2 20.3 25.4 30.4 
12;)" 22.5 28.2 33.8 
132" 24.8 31.0 37.1 
144# 27.0 33.B 40.5 
156" 29.3 36.6 <3.9 
168" 3H . . 47.3 

• · 100· ( 2.3 50/j 
192" 45.1 54.0 

·. :~:: 
Q-PIPE~ U;_l_.:i W~!GHTS (5 row, 14 fp i) 

UNIT \'✓EIG!-iTS - POUNDS 
Dimension Oim~,,s,cn H 

L . ··-~ : 20.3" 27" 33.6" 40.S" 
24" 104 143 
36" i 43 i" 7 252 306 
48" 182 ~'52 321 391 461 
60" ?:;>1 306 391 1. 76 561 
72" 2m 361 461 561 661 
84• 415 530 6 46 761 
96" 470 600 731 861 

108" 525 6G9 816 S61 
120· 739 902 1062 
132" 809 S87 1162 
144" 8 76 1072 1262 
156" 948 11 57 1362 
168" 1242 1462 
180" 1327 1562 
192" 1412 1663 

WEIGHT CORRECTION FN:: rons, WCF: 

ROWS \'/Cf 
-3- - -o.6 ·-

4 0 81 
5 1.00 
6 1.19 
7 1.38 .. 

MATERIAL 
Aluminum 
Copper 

VERTICAL SUPPORT & 
AIRTIGHT PARTITION 

Teble 1 

47.3" 

15.8 
19.7 
23.7 
27.6 
3i .5 
35.5 
39.4 
43,4 
47 .3 
51 .2 
55 .2 
59.1 
63.1 

J.7.3" 

::-~, 1 
(.:.J G 
762 

"Ti1 
991 

11 Q.'J 
1224 
1339 
1~55 
1571 
1686 
HlQ2 
1917 

. WCF 

1.00 
1.96 

54" 

22.5 
27.0 
31 .5 
36.0 
40.5 
45:o 
49.5 
54.0 
58.5 
63.0 
67.5 
72.0 

54-

731 
861 
992 

11 23 
1253 
1384 
15 15 
1&:5 
1776 
1'.?07 
2038 
2168 

62 
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