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The present invention relates to the art of 
Space heating and ventilating and more particu 
larly to method and apparatus for heating and 
ventilating large rooms or enclosures such as 
factory buildings and aircraft assembly bays or 
hangars. The invention is particularly appli 
cable, although not necessarily limited in its 
adaptability, to the last mentioned uses and 
accordingly the invention will therefore be de 
scribed in connection with such structures. 
In the design and construction of buildings for 

the purpose Stated, functional considerations 
require that enclosures of maximum clear span 
and often of great height be provided and it is 
now practicable to construct aircraft assembly 
rooms and hangars having a minimum span of 
Over three hundred feet and a ceiling or roof 
height of approximately seventy-five feet. The 
satisfactory and economical heating and venti 
lating of an enclosure of these proportions pre 
sents substantial difficulties as it is inefficient 
and structurally impractical to suspend any 
heating equipment from the already overburdened 
roof trusses and to utilize any space on the floor 
or inWardly of the encircling walls would defeat 
the primary purpose of the large clear span. In 
addition, it is desirable and common practice, by 
building a saw-tooth, monitor or comparable 
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type of roof, to incorporate in the roof large areas 
of glazed sash to provide an abundance of day 
light Within the enclosure. Since the metal of 
the sash is a good heat conductor and since con 
siderable leakage occurs around the sash, large 
glazed areas result in enormous heat losses par 
ticularly where such areas are positioned in the 
ceiling or upper portions of large rooms having 
high ceilings. The heated air within the room, 
being of less density, ordinarily rises rapidly to 
the ceiling into contact with the cold surfaces of 
the glass or other structural units and filters 
through any existing crevices or openings. The 
rising heated air results in temperature stratifica 
tion with a substantial differential between a 
Zone adjacent the ceiling and a zone adjacent the 
floor. Inasmuch as attendants, workmen and 
other persons using the building are usually on or 
adjacent the floor, a comfortable temperature 
must be maintained at the floor which necessarily 
results in excess temperature in the higher regions 
With Consequently greater heat losses and lower 
Over-all efficiency. 

Additional problems have been encountered 
When enclosures of the kind described have been 
used to house air-craft particularly of the larger 
Sizes as the large wing surfaces interfere with the 
normal and intended flow of heating and venti 
lating streams of air. 
The present invention seeks to overcome the 

problems above enumerated and the primary 
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service connections. 

object of the invention is accordingly the pro 
vision of an improved economical method for the 
heating and ventilating of large clear span struc 
tures whereby heat losses are reduced to a prac 
ticable minimum and even temperature and ade 
quate Ventilation are attained in the inhabited 
Zone. A further object of the invention is the 
proVision of an arrangement whereby the objec 
tives stated immediately above are accomplished 
without interfering with the normal and intended 
use of the entire space made available by the 
structure and without placing any limitations or 
loads on the structural elements of the buildings. 
A further object of the invention is the provision 
of a heating and wentilating system for a struc 
ture the operation of which system is not mate 
rially affected by aircraft and other large objects 
being housed therein and which will not be inju 
l'ious to the aircraft or other objects so housed. 
The above objects are collectively accomplished 

according to the present invention by positioning 
both the hot air outlets and the cold air return 
grills in or adjacent, the floor of the structure 
being heated and ventilated and creating sufi 
cient circulative effect to insure the confinement 
of the air flow to a low zone immediately above 
the floor level. By way of example, the invention 
has been illustrated as applied to an aircraft 
hangar of conventional design, and in the draw 
IIIgS. 

Figure l is a cross section of a structure includ 
ing a heating and ventilating system according to 
the invention; and 

Figure 2 is a floor plan of the structure of 
Figure 1. 
In carrying out the invention it is proposed to 

construct a return air tunnel 0 below the level 
of the floor of the enclosure (designated f) and 
to provide communication between the enclosure 
and tunnel by means of the grills í2. The tunnel 

extends centrally of the enclosure and in prac 
tice may also be utilized for the passage of com 
pressed air lines, electrical conduits and other 

One or more heater rooms 
f3 are provided adjacent to and in communica 
tion. With the tunnel 0 and in large installations 
the heater rooms are preferably located beneath 
the floor of the enclosure to conserve space and 
to reduce the length of the return and hot air 
ducts to a minimurin. Each heater room i 3 con 
tains One or more large capacity air heating 
furnaces 4 which are of the high speed type and 
preferably fired with liquid or gaseous fuel. A 
blower 5 is associated with each of the furnaces 
and is adapted to force air from within the heater 
loom through the contiguous furnace and into the 
hot air distribution duct system. 

Extending outwardly from each of the air 
heating furnaces 4 are one or more main ducts 



2 
which take off from beneath the furnaces 

and extend under the floor to regions in the 
vicinity of the outer walls of the enclosure. 
Ileading from the main ducts it are the branch 
ducts 22 which extend through the floor of the 
enclosure at positions immediately adjacent the 
outer walls of the enclosure. Grills 23 provide 
cornmunication between the certain of the ducts 
22 and the enclosure while flow directing mush 
rooms 24 provide communication between the 
chamber and the other of Said branch ducts 22. 
The mushrooms 24 are preferably positioned im 
mediately adjacent the supporting columns 27 
where they are protected from inpingement by 
the Wheels of Vehicles or other objectS moving 
Within the enclosure. 

If, in accordance with the usual practice, the 
enclosure is provided with a large entrance door 
as indicated at 29, a series of grills 9 extending 
longitudinally of the door Opening and connect 
ing with one of the air heating furnaces 4 
through a duct System 8 may be provided to 
blanket any inrush of cold air through the 
opening when the door is open, as more fully 
explained in my U. S. Patent No. 2,218,404 dated 
October 15, 1940. Fresh air is normally supplied 
to the enclosure by the ducts 39 which connect 
the outside atmosphere with the furnace rooms 
f3 and which may be provided with suitable 
dampers (not shown). In operation air coming 
into the heater rooms 3 through the tunnel 9 
and fresh air ducts 3 will be drawn into the 
circulators 5 and forced through the heaters 
f4 and ducts 7 and 8 to the grills 23 and 9 
and mushrooms 24 and thus discharged into the 
space within the enclosure. A substantial low 
pressure will be developed in the region of the 
grills 2 in the upper wall of the tunnel to which 
will draw the air issuing from the grills 9 and 
23 and mushrooms 24 across the floor and into 
the grills 2. By properly designing the areas 
and arrangement of the various ducts involved 
and the capacity of the heaters 4 and blowers 
5 it is possible to confine the movement of the 
heated air to a region or Zone immediately 
above the floor, thereby preventing the rapid 
upward flow of heated air into regions where 
higher losses are prevalent, thus preventing 
stratification of the air in the high ceilinged 
enclosure and reducing heat losses to a minimum. 
In actual practice it has been found possible to 
operate the system herein described in such man 
ner that the normally inhabited Zone of the en 
closure is maintained at a comfortable and 
healthful temperature while maintaining a tem 
perature differential of less than 3 degrees be 
tween the floor and ceiling areas thereof. Be 
cause of the nature and path of travel of the 
air Within the enclosure minimun interference 
with such foW is caused by objects having Wide 
extending surfaces such as the Wings of air 
craft housed within the enclosure and therefore 
the invention has particular merit when applied 
to structures housing aircraft. It can thus be 
seen that the invention provides a method and 
arrangement whereby the objectives initially set 
out are accomplished. Heat losses are reduced 
to a minimum, adequate heating and ventilation 
in the inhabited Zone is insured and these char 
acteristics are retained without reducing any of 
the usable space within the enclosure or placing 
any limitations of design or load on the structural 
elements of the building. 
The above specifically described embodiment 
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2,319,703 
of the invention should be considered as illus 
trative only as obviously many changes may be 
made therein without departing from the Spirit or 
Scope of the invention, the extent of which is 
indicated in the subjoined claims. 
What I claim is: 
1. A heating and ventilating System for a rela 

tively large enclosure comprising a tunnel ex 
tending Substantially centrally beneath the floor 
of the enclosure, a series of grills between said 
tunnel and enclosure, an air heating furnace, 
ducts positioned beneath said floor and extend 
ing outWardly to positions adjacent the outer 
Wall of said enclosure, means in said floor pro 
widing communication between the enclosure and 
said ducts, and air circulating means adapted 
to withdraw return air from said tunnel and 
propel the same through said furnace and ducts. 

2. A heating and ventilating system for a rela 
tively large enclosure comprising a tunnel ex 
tending substantially centrally of said enclosure 
and beneath the floor thereof, a series of grills 
in said floor providing communication between 
the Space within the enclosure and said tunnel, 
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a heater room positioned beneath Said floor adja 
cent said tunnel and being in communication 
thereWith, an air heating furnace within said 
room, an air circulating means within said room 
and adapted to force the air within said room 
through said furnace, an outlet for said furnace 
and ducts extending beneath said floor con 
nected with said outlet and extending in the 
direction of the outer walls of said enclosure 
to conduct heated air to said enclosure in the 
Wicinity of said outer walls. 

3. A heating and ventilating System for a rela 
tively large enclosure comprising a tunnel ex 
tending Substantially centrally of said enclosure 
beneath the floor thereof, said tunnel being in 
communication. With said enclosure at a multi 
plicity of spaced points, ducts positioned beneath 
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said floor and extending outwardly towards the 
outer Walls of said enclosure and adapted to con 
duct heated air to said enclosure, means to with 
draw air from Said tunnel and discharge the 
Same into Said ducts and means to heat said air. 

4. A heating and ventilating system for a rela 
tively large enclosure having a floor and side 
Walls comprising in combination a main duct 
positioned intermediate the side walls of said en 
closure and beneath the floor thereof, said main 
duct being in communication with said enclosure 
at a multiplicity of spaced points intermediate 
Said side walls, a multiplicity of warm air outlets 
positioned and spaced along said side walls and 
adapted to discharge warm air above said floor 
in a direction extending substantially parallel 
With Said floor and toward said spaced points, 
a duct System for supplying air to said outlets, 
an air heating device having its air inlet con 
nected With said main duct and its air outlet 
Connected with said duct system, and means to 
circulate air through said main duct, air heating 
device, duct System, warm air outlets and the 
lower Zone of said enclosure in series with suffi 
cient velocity to confine the flow of air within 
Said enclosure to a Zone immediately above said 
floor whereby the blanket of warm air substan 
tially uninterrupted throughout the horizontal 
extent of said enclosure is caused to move in close 
proximity to said floor and substantially parallel 
therewith, 
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