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o prine function of ihe yentilating system is the dis-
cipatd.on ot“hcat. In the performance’of this primary function
“the ventilating system suppI:I.e an air

requiremsnt,

‘diseipatsd comes from within the
8 G _fonlythe heat’ of adia~.
8, cdll converters, and

:Large “quantities of
»mt.or wind- '
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The building ventilating system may be divided into two
parts: '

(1) ceall ventilation
(2) Operating floor ventilation

Each part contains its ovn fan md duct assembly, but
the tvo may be operated together. ‘ : :

. The transformer vault and battery room has an independent
ventilating system.

(v) Air Piltering System e

All of the air entering the ventilating system is cleaned
by passing through a filter system. The same filtering units are
used by the two parts of the building ventilating system. The trans-
former vaults have separate filter systems. -

. At the rear of each of the builldings are two psathouses CELL: AND
extending from the building. They contain the filter banks used in
flitering the air supplied to the cell and operating floor ventil-
ating systems. The penthouses and the filtering arrangement vwithin
them are shown on Figure II.l-1. Thése extensions occur between
colum lines B and C on the’left of the bullding and J and K on the
right. They are 17'<8" wide, 16'-1" high at the enda, and extend
81-8-1/2" from the end of the building. A sloping roof extends from
the building proper at upproximately theé cell floor level. The

three exposed sides of the extension contain 1/2" stationary louvre
blades covered by 1/2" mesh G.I. wire screen. This combination serves
as an initial precaution agalnst large foreign objects reaching the
flltering units. '

Incide the penthouses are a number of filter banks arranged
in a zig-zag pattern in order to allow for a greater filter urea,
Each bank comprises a number of 20" x 20" x 2-3/L" frames. The banks
are nine frames high and vary in vidth due to the pattern arrangsment.
Fach frams containe two 207 x 20" x 1" filter cartridges in series.
The cartridges are Ovens-Corning Fiberglas Dustop Ho. 1 and are con- )
structed of -interlaced glass fibers in a grille frame. Each penthouse - :
contains 225 frames requiring a total of 450 cartridges. S

_ The flov: of air is through the soreened louvres in the pent-
house viulls, through the filter cartridges, and directly into the base- '
ment area and the suction of the ventilating fans. :

The transformer vault ventilatin, system has an independent TRAMSFORMER

air intake system as shovn on Figure II.1-2. This system consists VAULT AIR
of two intake air chambers at the back of the transformer vault. INTAKE N
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Each chamber contains a 50 frame filter bank, EHach fram is 20V
x 20" x 2-3/4" and carries two Oven-Corning Fiberplas Dustop #1
cartridges.

Ducts from the filter units join to a common distribu-
tion duct underneath the floor,

The filter banks are designed to allow a maxisum
velocity through the filters of 0 ft per minute. The average
resistance of tvwo filters in serdes when clean is appro;d.mately
O.1ly inches of wuter at the above velobity.

The filter cart.ridges should be regularly i.nspected to
check cleanliness. From time to time, depending on the amount of
dust in the air, they should be cleaned or, if necessary, replaced.
Filters that are clogged and dirty are inefficient. The cleaning
process consists of removing the filter and rapping out loose dust
and dirt by tapping the sides of the filter against a solid surface. -
This procedure may be repeated three or four times. When the in-
take filter becomes too dirty to be clsaned, it should be discarded
‘and the Number 2 filter moved up into its place. The new filter is - SR
then installed in the Number 2 position, :

(o) Gell Vemtilation \ |
 The cell ve:{t.uat.ing' aysten performs & fual jobs

{1) It helps maintain the correct ambient tenperature
within the cell.

(2) ' It provides for keeping the motor alléy and with-
drawal alley air at a temperature suitable for the
punmp motors and the operating crew. .

There are ten fans in the cell floor ventilating system of w
‘each building. They are located in the basement in two rows of IR T
five fans each, The fans are installed directly under each row of S
cell enclosures. Each row of fana discharges into its own supply :
system. ' .

The cell floor ventilating fans were supplied by the. =
Buffalo Forge Company. Tablé II.l-l lists their characteristics. -
FigureIIl-Bisadrawingofthe tanaand?igure II.l-kisthe
perfomance curve,

nxese fans are #6 Buffalo Limit Load Type LL Fang, with
single inlet and single width. They are of centrifugal type cnd
of heavy Class 1 construction with horizontal shaft and vert.ical .
di.sc.ha.rge. They contain gelf-aligning Fafnir ball bearings.

'me operat.'mg characteristics of ea.eh fan is such that
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any mugber of fans, from tvo to five, may be operated in parallel
in any one aystem without hunting, and, urder any condition of
mltiple operation, each fan will automatically assume its pro-
portionate share of the total load. All fans have characteristics
which prevent overloading at their rateispeed. The rotors of the
fane and motors are statically and dynamically balanced and run
-at their rated speed substantially free from vibration.

Bach fan is provided with an automatic louvre type o
damper at the outlet, which substantially prevents flow when fully v :
closed and which closes automtically when the fan it serves is

not operating. These dampers are also provided with limit opening

stops which permit limiting the discharge flow from zero to maxi-

mam opaning. .

The cell fan motors are 20 hp, 1740 rpm, 440 valt,
3 phase, 60 cycle Westinghouse motors. They are Type "CS", line
start, Class I, squirrel cage, comstant speed, horizontal, open,
continuous, rated for 40°C temperature riss. Sealed sleeve bear-
ings are used in these motors. < ~

_ In any one building, the cell floor ventilating fans
pormally operate in two sets or systems of five fans each, in
parallel arrangement. Each row of fans operates as a separate
group to supply ventilating air to the.row of cell enclosures and
sections of the alleys above it. All fans of 3 system discharge
into a common duct. In case one or more fans are shut down, alr
is supplied to the system so affected by the remaining fans in that
system. Therefore, no spre fans are used. The system supplied by
only one group of fans is discussed below, but the information
applies to either group. ' .

The filtered air passes through the fans ahd is discherged AIR PLOW
into a transverse duct. The transverse duct mskes a cross connec-
tion between two longitudinal ducts, one 21-6" x 3'-0", and the
other 1'-6" x 2'-0", These longitudinal dusts run the full length
of the cells below the cell floor., The larger duct is located just
below the cell outer walls, next to the withdrawal alley. The
smaller duct is Just below the cell inner walls, next to the motor
alley. All the fans in ons row are tied together by these longitud-
inal ducts. From these supply ducts, air is distributed ‘through
smeller branch ducts to a series of thres locaticns for each rov of
cells as follows: ~ '

(1) Across the top of the cell enclosures from the with-
drawal alley side.

{2) In the motor’an:ey at the cell floor level.

(3) At the curbing between the withdrawal alley and the
cell floor. _ , ' '
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Figure II.1-5 is a typical cell cross section showing
the location of the two rows of cell ventilating fans, the duct
distribution system, and the air cutlet locations above listed.
A longitudinal section of a typical cell and the {ront and rear
ends of the building are shown on Figure II.1-6.

The horizontal duct at the withdraral alley side .
- supplies ventilating air to the top of the cell enclosure in
arder to maintain the cell ambient tempsrature at the desired
level, Two 3'=0" x 6" ducts extend from the supply duct to the
top of the enclosure at either end of the cell. They connect
to a 1'-0f X 116" slotted duct which extends the length of the
cell along the top of the casing. The slotted outlet of the
duct is 5/16" wide and is designed to provide an air velocity
across the top of the cell casing of 4000 ft per min with all .
fans operating. The chject of this high velocity and consequent
scrubbing action is to increase the overall heat flow from the
metal ceiling of the cell. This, together with exposed cell sur-
faces, produces equilibrium heat flow. Dampers are provided in
- the branch ducts connecting to the slotted duct. These dampers
are located at the withdrawal alley curbing and serve to regulate
air flow to the slotted duct. _ -

Alr exhsusted from the slotted ducts passes into the
motor alley, mixes with the motor alley ventilating air, and rises
to a 5'-0" x 12'~0" outlet duct located directly above the motor
alley in the pipe gallery floor. This duct passes through the pipe
gallery and operating fioor to the roof vhere it vents to the at~
mosphere, There sre ten of these outlet ducts located down the
center of the building in four sets of two with one at each end of
the building. They are designated as "A" ducts and terminate in
six "A" roof ventilators. ' '

The horizontal duct tarard the center of the building
supplies ventilating air to the motor alley risers and outlets.
This air serves to cool the pump motors and to keep the motor
alley at a suitable temperature for the operators. Two én x 210"
and two 6" x 12" risers connect the longitudinal supply duct with
registers in the motor alley floor along each cell. Dampers are
provided in the risers to the floor registers to limit the flow,
if necessary. Air exhausted from the motor alley registers passes
over the pump motors, mixes with the air from the top of the cell
enclosures, and is vented to the atmosphere through the ventilators
at the top of the motor alley. ' :

Afr is supplied to the withdrawal alley from the large
horizontal duct at the withdrawal alley side. This air serves to
provide a suitable working temperature in the alley for the oper-
ating crew. Four branch ducts per cell connect from the supply
duct to dampered openings in the withdrawal alley curbing. One
duct and outlet at either end of the cell enclosure measures 6" x l=-
T, The two other ducts and cutlets, evenly spaced along the cell

I i ~ '
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length, measure 6" x 39=3", The air from these curbing outlets
travels up through the pipe gallery floor girders over the with-
drawal alley, and passes to a ventilator intake which is located

in the operating floor. A number of L4%=0" x 10%~-0" ducts between
the operating floor intake and the roof conduct the air to the
8tmosphors., There are ten of thase exhaust ducts per row of cells
through the operating floor to the atmosphere. They are designated
as "C" duots and termin:te in "C" roof ventilators. |

, Because all process ventilating requirements are handled
by one sat of fans per row of cells » and because the high velocity
required at the cell ceiling slots imposes a high pressure on the
whole system, it is necessary to meter the flow at the withdrawal
allsy and motor alley ocutlets by a set of orifices. These orifices,

. one in each duct, are located in the flange where the ducts connect
= to the main horizontal supply ducts. The area of these orifices
limits the flow at the respective points to the maximum calculated
quantity. Ase previously stated, lesser quantity may be delivered
by the system according to requirements by operating dampers lo-
cated in each withdrawal alley and motor alley cutlst.

The designdaﬁa for the cell floxr ventilating system
are listed below., :

Atmospheric Air Tempsrature . 100°F

Atmospheric Ralative Humidity T0%
Adir Flow per Fan 24,000 cfm
' Total Air Flow 2’40,000 cfm
Fressure Rise Over Fan 3.33" Hy0
Cell Ambient Air ‘remperat..ure
Air to Top of Cell Enclosre 65,000 cfm
per Cell - _ v
Ar to Motar Alley per Cell 7,000 cfm

Alr to Withdrawal Alley - per Cell . 11,000 cfm
Motor Alley Air Temperature, Max. 120°F
Withdrawal Alley Air Temporature, Max. 110OF

Figure II.1-7 shows the duct outlets of the cell floor ventilating
system, marked with the above design characteristics,

There are no dampers in the longitudinal ducts, but each AIR CONTROL

S
&

fan is provided at its cutlet with an automatic damper which is
closed when the fan it serves is not running. By reason of this
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design, the static pressure in the basement plenum cmcts can be

varied and the total amount of air suppli:d correspondingly increased

or decreased by operating any number of fans from one to five. Con-

trol of a complete row of fans may, therefore, be accomplished by

starting or stopping fans. The fans are controlled by individual
switches, located on a panel board in the basement.

By means of dampers at each outlet, the flow may be propor-
tioned to any part of the ventilating system. If a cell is inoperable
due to repairs or replacements, the dampers in the risers to the slot-
ted duct will be closed, prohibiting the flow of air to the top of the
cell. Dampers in the ocutlets to the motor alley and withdrawal alley
will be adjusted to allow a smaller flow since the heat to be dissipated
from the pumps and motors will be dscreased. One of the fans may be
shut down because of the anallar quantity of air recquired.

The temperature of the discharged cell ventilating air indicates
ambient temperature conditlons within the cell, By regulating ths cell
ventilating system in conjunction with the alectric hesters located within
the cell, the cell ambient temperature is complstely controlled. When a
cell is to be placed in operation, the required minimum amblent tempsrature
is reached by means of the electric heaters and the cell is started. The
heaters are on thermostatic control and disconnect automatically as soon -
as equipment within the cell is generating sufficient heat. From this
point on, the cell is maintained at the process requirement by regulating,
through damper control and the number of fans in operation, the amount of
air fed %o the ducts at the top of the cell and in the motcr alley. The t
guantity of "air depends m the temperature of the available air supplyo

Heat flow from the exposed outside surfaces of the cells will
be in equilibrium with the heat gensrated inside the cells at the maximum

ambient cell tsmperature given above when the average tempersture rise
of maximum summer air (LOQOF)

: When atmospheric temperatures are lower than 100CF, the air
fed to the cell enclosures is throttlsd and a larger tempsrature rise
~of the ventilating air occurs. Under such conditi ons, the ambient
cell temperature is less than the maximum but sufficient ventilation
mst be provided to keep the temperature above the minimum.

Resistance thermometer elsments are located at the entrance
of the cell ventilating ducts "B", These are the ducts which exhaust
from the top of the motor alley through the roof. There are four re-
sistance units per building, one located at the bottcm of esch pair of
ducts throughout the length of the motor alley. The temperature of the
combined exhaust streams from the slotted ducts and the motor allsy
registers are indicated on the building instrument board. A selecter
switch permits readings of each resistance slement to be made,

Under maximum summer conditions of 1000F, these thermcmeters




i

L 20.

The ratio of the heat gain of ventilating-air paasing over
sxposed enclosure walls is proportional to the ratioc of the differsnce
betwaen cell ambient and atmospheric temperatures. For lower atmose-
pheric temperature condtions the heat pickup will be proportionally

greater but 2 socmevhat lowsr motor alley temperature will
be indicated.

From the thermometer resistance elements, the operator is

informed as to the effacts on cell vantilating conditions of changes

" in atmospheric temperature and quantity of air supplied. If atmos-
pheric temperature drops, the affect is noticed on ventilating air
temperatures, Since the temperature is lower, a smaller amount of
air is required. The dampers at the fan and duct cutlets are regulatad
to allow less air to circulate. If the temperature should contime to
drop, one or more fans are smt down. If the temperature rises, the
opposite procedure is follcwsd. The dampers are adjusted to allow a
greater amount of air to circulate, and, if necessary, additional fans
are started. Thus, a fairly constant temperature is maintained within
the cell casing, Except for maxismm summer conditions, at least one
fan in each group is held as a spare. Operation of the fans should be
8o regulated that wear is distributed evenly over all of the fans.

‘Follow.ing is a list of reference drawings pertaining to cell
floor ventilaticm not contained in this manual because of space limi-

tatlons, They show details of duct werk, ventilators, louvres and
dampers., A

xﬁmx DEQ No. Title
402-1<K-37-4A —— . Basement Flan (ne Cell Length
» ' Ventilation,
L02-1-K-37-RA ., Stage Cell Floor Plan
. .. (m® Cell length Ventilaticn.
402-1-E~37-FA Front End of Basemsnt Ventilation.
L02-1~%-37-0A Pront End of Stage Cell Flan
’ Ventilation,
. 402~1~K-37-14 Rear End Basement Ventilation. |
402-1-K-37-3a Rear End Stage Cell Floor Plan
o Ventllation,
402-1-K-37-VA Arrsngement of Ventilating Ducts
‘In Cell Area.
402-1-K=37..wA _ Arrangemsnt of Ventilating Ducts.

In Driveway Area.




Kellex Dwg. No. Titlse .
" h02~1-K=37-XA Details and Connsctions for
: Branch Ducts Sheet #1 of 2.

[j02=1=K=37-YA Details and Commections for
. Branch Ducts Sheet #2 of 2,

(d) Operating Floor Ventdlation ’ B

The function of the operating floor ventilating system is
to maintain a suitable working temperature in that area for the
operating staff. It must fulfill two requirements.

(1) The removal of generatad and solar heat during the
WaITer seascns.

(2) The retention and possible addition of heat during
the coldsr seasona, .

The fans used in the operating floor ventilating systsm FARS
are loccatsd in a single row domn the center of ths basemsnt floor,
between the two rows of cell floor ventilating fans, as shown in
Figure II.1-5, Each building contains five operating floor fans.

The operating fleoor fans are 23,000 cfm units supplied
by the Buffalo Forge Company. Table II.1-2 lists the operating
characteristics. Figure IJ.1-8 is a drawing and FPigure I11.1-9
shows the performance curves for these fans,

The operating floor fans are No. 6-1/2 Buffalo Limit
Load Type 1L Fans, with single inlet and of single width. They
are s centrifugal typs of heavy Class I design with horizontal

shaft and vertical discharge. They contain self-aligning oil
ring sleeve bsarings.

The oparating characteristics of each fgn are such that
any number of fans, from two to five, may be operated in parallel
in each system without bunting, and, under amy condition of multiple
operation, each fan will aufomatically assums its proporticnate share
of the total load. All fans have a characteristic which will perait
overloading at rated speed. The rotors of the fans and motors are

statically and dynamically balancsd and run at rated speed sub-
stantially free -from vibration.

Each fan is provided with an antomstic louvre type damper
at the outlet, which substantially prevents flow when fully closed
and which closss sutomatically when the fan it ssrves is not rumning.
These dampers are also provided with limit opsning stops which permit
limiting the discharge flow from zero to maximum opeaning.

i
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The fan motors are 10 hp., 1740 rpm, LLO volt, 3 phase,40
cycle Westinghouse motors. They are type "C.S.", lins start, Class 1,
squirrel cags, constant speed, lorizontal; open, contimuocus, rated

for 10OC temperature rise. Sesled sleeve bearings are used in these
motaors.

As in the cell floor system, all five fans of the operating
floor ventilating system discharge into a single horizoamtal plenum
duct. The five fans operate as a group. In the event ome or more
fans in the group is shut down, air is supplied to the system by

the fans remaining in operation. For this reason, noc spars fans
are required.

After passing through the basement filters, atmospheric AR FLOX
air enters the suction of the operatipng floor fans and is dis-

chargsd vertically upward to a horizontal supply duct, 2¢-6" x

5'«0" in cross section. This duct rums the length of the bullding

at approximately six feet under the:cell floor and six feet to the

right of the motor alley. At a point about twenty feet on each

side of each fan, the horizental dudt discharges into a 1'-6" x

L'=0" duct extending harizontally approaximately six fest to an

elbow, and from the latter rising vertically to the pips gallary

level. At this point, the duct changes to 2'-0" x 3'~0" and rises :
to the oparating floor ceiling, there branching into two horizontaily
oprosed ducts, sach 30'-0" long and having initial cross section of
approximately six square feet. These horizontal ducts are tapered

and each side of the duct is provided with thirtsen dampered outlets

on grillss for proportioning flow, each having an area of one square

foot. There ars ten of these transverse ducts and connected supply

ducts in sach operating floor. ‘

Through this system, a continuous supply of air is available
to the operating floor. The warmer air at the ceiling is discharged
to the atmosphere through a series of tem roof ventilators, Thess
ventilators extend down the center of the building and connect from

the ceiling to the outside atmosphare. They are designated as "B®
roof ventilators. . ‘

. The design conditions £or the operating {loor ventilating
system are as follows:

Atmosphsric Alr Temperature Hax., : - 100°F
Atmospheric Relative Rumidity 70%
Air Flow per Fan _ 23,000 cfm
Total Air Flow f 115,000 cfm
Air Flow psr Transverse Duct 11,500 cfm

Pressure Rise over Fans 1.37" HyO
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The air contrel of the operating floor system is very - AIR CONTROL
flexible. Any combination of the operating floor fans can be run

at one time. Since the horizontal supply duct in the basement is

so large, and the pressure drops small, the pressure at all the

risers remains fairly equal, regardless of what {ans are running.

As previously mentioned, an automatic damper is installed
at the discharge of each fan. The cbject of these dampers is to
prevent return flow or by-passing through any fan which is not run-
ning, and to that end, these dampers will automatically close when
any fan is shut dom. 1In addition to this, these automatic dampers

are provided with limit stops so that the flow can be limited with
all fans running. .

In oach riser to the outlet ducts, at a point convenient
for manipulation from the operating floor, there is a damper. These
dampers control the amount of air to the cperating floor. An approx-

imately equal flow should be taken at each riser to prevent objection=
able cross currents,

¥ach of the exhaust ventilators at the ceiling of the oper-
ating floor has a louvre damper which opens directly into the operating

roan. These dampers will be opened wide for maximum summer conditions
and a lesser amount in other seasons.

Under maximum summer conditions with inlet air at 100°F, the
__system is designed to discharge air at a temperature: This
temperature is based on absorbing heat transmitted
to the operating floor thrcugh the roof, through the floor (air of
the pipe gallery heat) and from lights. )

Pollowing is a list of reference drawings not included in
this mahual showing details of ductwork, louvres, and ventilators
pertaining to operating floor and pipe gallery ventilation.

Kellex Dug. No.. - Titls
402-1~K~37-CA Pipe Gallery Floor Plant
One Cell Length Ventilation
402~1=R=~37=DA Operating Floor Plan :
: One Cell length Ventilation
402=1~E=37=TA Roof Plan One Cell
Length Ventilation
. 402=1-K~37-HA Front Fnd of Pipe Gallery Ventilation
402-1=K=37~JA Front End of Operating Floor Ventilation
laOﬂflaK-B'T-KA Front ¥nd of Roof Plant Ventilation
402~1~K=-37-NA Rear Tnd Pipe Gallery Flcor Ventilation
402-1-K=37~PA Rear ¥nd Operating Floor Ventilation

402~1~K~37-QA Rear End Roof Plan Ventilation /3
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(e) Roof Ventilators _
There are thirty-six roof ventilators in each building,
Six "A" ventilators exhaust air from the cell floor, ten "Bt venti-
lators exhaust air from the operating floor and twenty “C" ventilators
exhaust air from the withdrawal alley.
The location of roof ventilators is shown on Pigure I.2~6.
The six "A" and ten "B" ventilators are ranged aloas the center line
of the building. There are tmo single and four double "A" ventilators.
The former are located at the fromt and rear of the building. OUne
"B" ventilator is connected lengthwise to each mingle "A" ventilator
and two "B" ventilators are connected lengthwise to each double "An
ventilator. The one "B" and single "A" ventilator combination at the .
front of a building is designated as Type "ABI" ventilator. The simi-
lar combination at the rear of the building is designated as Type. _
"AB1S" ventilator. The two "B" and double "A" ventilator combinations
are designated as Type "AB2" ventilators. A partition the. full height
of the ventilators separates "A" and "B® flow. »
The twenty "C" ventilators are ranged longitudinally, ten
on each side of the building roof.
Ventilator information is tabulated below.
‘ A ¥inimum
. Operating Guaranteed
Ro. per Throat Stack Temperature Total Capacity
Type Building _Area Height Differential CFu _
Double A (A2) N 59 8-3/4" x Ly
7 gn ’A
Single 4 (Al) 1 5¢ 8-3/L" x ) 200 130,000
12° 100 '
Single A (M1S) 1 59 8~3/i" x .
. 10Y 6" -
B 10 5% 8=3/4" x 3t © 115,000
3 _6n _
c. 20 Lo On x i | 10,000 -
. 100 o

) All the above ventilators exhzust the minisum capacity
listed above under gravity flow for the given conaitions except the

"B" ventilators which exhaust under slight pressure of the fans serve

ing the operating floor.

(£) Recycling of Ventilating Air

The operation of the cell and operating floor ventilation

systems together is necessary when atmospheric temperatures become

W
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such that the operating floor becomes too cool. A system of recycling
the ventilating air has been incorporated into the design so that part
or all the heat generated on the cell floor may be retalned within the
building. This is accomplished by the manual operation of various
louvres and dampers, and by controlling the number of fans in operation,

The recycling control is achieved through regulation of
dampers at four general locations throughout each building, as listed
below and indicated on Figure 1I.1-7.

(1) The "D® dampers in the withdrawal alley curbing
which connect the basement with the withdrawal alley.

(2) The louvres in the ventilator exhaust ducts
leading from the top of the motor alley to the
atmosphere., Louvres "F" allow heated cell
ventilating air to flow to the operating floor,
Louvres "G" allow air to flowm to the pipe
gallery area,

(3) The "X" dampers in the series of floor registers
in the operating floor connecting the operating
room with the withdrawal alleys.

{4) The dampers in the ventilators discharging to the
atmosphere, dampers "H" control the motor alley
discharge to the atmosphere, "I" the operating floor
discharge to the atmosphere, and "J* the withdrawal
alley discharge to the atmosphere.

The amount of air circulated is governed according to
requirements by a reduction of fans operating and damper operation.
The recycling is then accomplished by:

(1) Opening the dampers "D? in the withdrawal alley
curbing ’ .

(2) Opening to such extent as may be required louvres
"F® and "G? in the exhaust duct from the motor alley.

(3) Opening the dampers "K" in the series of grilles
connecting the operating floor and withdrawal alleys.

(4) Partly or fully closing the louvres "H", "I", and
#J* to the atmosphere.

The first three operations must be performed before the
louvres in (4) are closed, to prevent an undue rise in pressure,

/5
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As may be seen from inspection of Figure II.1-7, the-
above operat1¢ns supply warnm air from the converier cell floor
to the pipe gallery and operating floors and withdraw cooled air

from the latter areas to-the suctlon of the basement f{ans.

After air flow equilibrium has been established, the
amount of recycling will be dstermined by the degree to which the
louvres “H*, "I% and "J", in the exhaust ducts to the atmosohere,
are open. Fresh air will be drawn into the basement through the
intace filters only as replacement for air lost to the atmosphere
through the ventilators. : o

Recycle operations under various temperature conditions N
are detailed in Section II.1-b of this manual. -

{g) Heating of Ventilating Alr

During extreme winier conditions, the retention of heat
by the recycling process may not be sufficient to maintain desired
temperatures for the operating crew, Heat may then be added to
the bulldings by means of unit type steam heaters, manufactured

. by the Trane Co. These heaters have been installed in separate

suction ducts leading to the intake of each of three operating floor
fans in each building, PFigure I1.1-10 shows the arrangement of these
heaters and connected duct work. The fans are located in the two end
and the center fans in each building operating floor fan row,

The Trane heaters for Buildings K~402-2 to K-402-8, in-
clusive are 24" X 54" x &% thick, single row, Series 96 - Typ age
Blast Coils. Fach coil will heat 9000 cim from 6C° to 95°F at 5 psig
stean pressure. The hoaters inm Buildings K-402+1 and K-402-9 are
2L x 66" x 6", double tube row, Series 06 Type "F" Blast Coils.
These heaters aill neat 9000 cfm from 60° o 100°F at § psipg steam
pressure. The end buildings require the addition of 5°F more heat
in order to maintain a standard.temperature level throughout the

operatlng floor area. All heaters are tagged with the building
number in which they are used,

The air passes over the copper finned tubes of the heater
and is heated by means cf the 5 psig steam sunply ccnnected to the
heater from the basement steam header, ,

The three fans of each building which are fitted with
heaters and inlet ducts contain hinged panels which when closed
effectively block off the regular fan inlet. This causes inlet
air to enter through a special duct. The Trane Heaters are sus-
pended from the cell floor by means of iron strap hangers and fit
in a flange at the mouth of the special duct. During normal opera-
tion, the hinged panels are open and the fans receive air through
the regular inleto Yhen it is desired to supply additional heat
to the operating floor, the hinged panels are closed, and.the valves
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in the lines to the heaters from the stean main are opened. The
fans then pull air down through the ducts in which the heaters are
located instead of through the regular inlet, and distribute the
heated air to the operating floor. Only fans containing heaters
are to be operated in the event heat is desired on the operating
floor. The other operating floor fans should be shut down. Any
number of the fans which have heatlng units may be operated as

‘desired.

(h) Operation of Ventilating System

The following discussion outlines a mode of operation of
the cell and orperating floor ventilating systems developed by the
Carbide & Carbon Operating Staff. The orocedure waes originally

developed for the 300 Section Buildings but is also applicable to
those of Section LOO . i

The ventilating systems are designed to provide great

flexibility of control of temperature, However, this control is

a function of the air supply temperature in the basement. Inasmuch
as no air cooling effect iz provided, for a constant air throughput
the rate of heat removal iz directly proportional to the supply air
temperature if no recycling of air occurs., The syctem is designed

to regulate temperature through the following three principles:

{(1) The amount of fresh air drawn into tre building.

(2) The amcunt of air distributed to the individual
duct outlets,

(3) The anount of recycling of air within the building.

Since the operating equipment is substantially at the same
temperature throughout the year, the problem of maintaining a coa-
fortable temperature in the operating roon and alleys and a correct
process temperature at the cells is one of regulatins the above three
factors with respect to the temperature of the air supply.

The recyclins and throughput rates are regutatea by -the
number of blowers Operated, and by opening and closing the proper
louvres and dampers. It is seen from this that msintaining open
doors and windows, or indiscrininate changes in control dampers and
louvres will destroy the ccntrol system and mate pro er regulation
of the ventilating system difficult, if not impossible.

The method of control outlined below is not intended to
be rigorously followed. Some experimentation by the operators will
be required to adjust the system to provide suitable conditions,
Figure II.1=7 (496 0.D.) shows the various parts of the system
marked with the letters referred to in the following procedure,

S
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Cell Floor Control OCutside Temperatures Below 30°F,

(1) Set the number of blowers (A) operating under each
cell row at from 34 as is necessary to maintain motor
alley temperatures from 90°-100°F,

(2) Set all motor alley dampers (B) at about 1/4 to 1/2
open and just crack the withdrawal alley duct dampers (C).

(3) Open the louvres (G) in the pipe gallery outlets from
the motor alley exhaust ducts. These louvres should be
opened sufficiently to maintain comfortable conditicns,

Dampers (H) in the motor alley exhaust to the atmosphere
should be closed.

(4) Readjust dampers (B) and (C) to provide even temperas
tures the length of the building.

(5) Adjust dampers (J) in the withdrawal alley exhaust
ducts to a nearly closed position to retain building _
heat. -

I

Outside Temperatures From 30° to 60°F.

(1) The number of fans (A) operating should be from 3=5
as required. Use as few as possible.

(2) Adjust dampers (B) and (C) to maintain even comfortable
temperatures in the motor alley and withdrawal alley
throughout the length of the building.

(3) The louvres (G) in the pipe gallery should be adjusted
as required to supply warm air,

(4) Adjust dampers (H) and (J) partially to remove and
partially to recycle air as is renuired,

Qutside Temperatures From 60° to 80°F.

(1) The number of fans (A) needed will be 4=5 per row.

(2) The motor alley dampers (B) should be about 3/4 open,
Dampers (D) should he opened only far enough to keep
the withdrawal alleys at a comfortable tenperature,

(3) Louvres (G) in the pipe gallery should be closed to
exclude wam air and to prevent deéstroying the draft
in the duct. "

(4) The dampers (H) and (J) in exhaust ducts to the
atmosphere should be opened,
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Outside Tempsratures Above 80°F,

(1) The number of fans (A) operatins will probably be five,

(2) Open dampers (B) in the motor alley wide. Dampers (C)
to the withdrawal alley should be opened sufficiently
%o provide a comfortable temperature:

(3) louvres (G) to the pipe gallery should be closed,
(4) Dampers (H) and (J) should be opened wide.,
The dampers in the vertical ducts which feed the horiiontal
. slotted duct running the length of each cell along the top of the
& casing are always to be wide open except when a cell is shut down.
For this reason, instructions on the cperation of these damners for

varying conditions are not included.

Operating Floor Control Outside Temperatures Below 3C°F,

{1) The number of fans (E) operating should be 2«3, This
will provide adequate ventilation at a time vhen it is
not desirable toc remove large quantities of heat. The
fans containing preheaters should be used.

(2) Open the withdrawal alley curbing duampers (D) to the
basement. This will provide recirculation of warm cell
air to the basement, thus retaining building heat.

(3) Open the floor registers (K) to recycle air from the
operating floor to the cell floor.

(L) ‘Open the motor alley duct louvres (F) to the operating
floor. v

(5) Close the ceiling louvres (I) from the operating floor
to the atmosphere, thus retaining warm building air and
forcing it to recirculate.

(6) If encugh warmth has not been provided by operations,
1-5, the steam may be ¢urned on to the fan preheaters in
the basement as desired. The overator should make sure
that the panel covers are placed over the normal fan suc-
tion of any fan whose oreheater is supplied with steam.

(7) Adjust the individual duct dampers (L) to provide even
ventilation throughout the buildlng.

Outside Temperatures from 30° to 60°F.

(1) Increase the number of blowers (E) operating to 3 or 4
as requzred
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(2) Adjust the withdrawal ziley curbing dampers (D) to
the basement so that about 50% of them are open. This
reduces the recirculation of warm building air, less
being required for this temperature range.

(3) The floor registers (K) in the operating floor should
be open.

(4) Open the motor alley exhaust duct louvres (F) wide

and partly close the duct damper (H) overhead to provide
warn air. Adjust to suilt,

(5) Close ceiling louvres (I) and (J) as much as is nece
essary to naintain a comfortable temperature.

(6) All steam to the fan preheaters should be off as
enough heat can be securetd by proper recirculation.

(7) Adjust the operating floor riser dampers (L) to
maintain uniform circulation throughout the building.

Outside Temperature 60° to 80°F.

(1) The number of operating floor fans (E) overating
should be 4-5,

- (2) Close all withdrawal alley curbing dampers (d)
tightly to reduce circulation to a minimum.

(3) Adjust the operating floor registers (K) to provide
the amount of recirculation to the cell floor as
necessary-

(4) Adjust the motor alley exhaust duct louvres (F)

and dampers (H) as is required to provide suitable
temperatures,

(5) Adjust the ceiling louvres (I) and (J) as appears
necessary for suitable temperatures.

(6) Adjust the operating floor riser duct damvers (L) to
provide adenuate circulation of air, and even tempera-
tures over the operating floor.

Outside Temveratures Above 80°F.

(1) Place all 5 operating floor fans (E) in operation.

- (2) Close all withdrawal alley curbing dampers (D) to
the basement tightly. No recirculation should be per-
mitted in any way (i.e., all doors between floors are
to be shut),
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(3) Close the floor registers (K) tigzhtly to prevent
any recirculation to the cell floor,

(4) Close the operating floor louvres (F) from the
1motor alley exhaust ducts tightly to prevent hot
air from being discharged into the operating floor
or disturbing the draft within the ducts which re-
move hot air from the motor alley.

(5) Open all ceiling louvres (H), (I) and (J) com-
pletely, in order to remove warm air as fast as
possible-

(6) oOpen all the dampers (L) wide in the riser ducts
L : to the operating floor. Then adjust to obtain even
: : temperatures the length of the floor by closing
dampers near cool places and maintaining those near
hot places wide open. This will distribute the air
supply on the vasis of need, :

The temperature in the rear of the building is generally

cooler than toward the center and front end. This is attributed
to two thinss,

(1) Air is gradually heated as it passes along the
basement, Since the rear fans receive the coclest
air, the rear discharge ducts provide the coolest
air to all floors,

(2) The rear section of the building has a cool wall
to radiate to.

Thus, it is advantageous to distribute more air to the
center and front of the buildings than toward the rear to assist
in evening the temperature throughout the building. This is

easlily accomplished by throttling the ducts in the rear somewhat
more than the others. :

(1) TIransformer Vault and Battery Room Ventilation

The function of the transformer vault ventilating system
is to keep the vault ambient air temperature below a limit of 115°F
under the extreme summer conditions of 95°F and 70% relative humidity.
The design air flow of 80,000 CFf is estimated Lo exceed, by at
least 10%, the maximum CFY needed under these conditions,

The three transformer vault ventilatihg fans are housed FANS
in a fan room at the front of the transformer vault. They each
have a capacity of 40,000 CF¥,
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The fans are Wo, 6=1/2 Buffalo Limit Load Type LID with
double inlet and of double width, The inlets are equipped with
fixed inlet vanes. The fans are heavy duty Class 2 design, equip-
ped with self-aligning SKP ball bearings.

Table I1I.1-2 lists the fan and motor characteristics.

Figure II.1l=11 is a drawing and Figure II.1-12 the performance
curve of these fans.

Included with each fan are louvre type ocutlet dampers
aounted on the fan discharge frame. The outlet dampers are reason-
ably tight when fully closed. The damper mechanism is provided
with balancing weights and an adjustable stop.

The fans are driven by 40 HP, 1765 rpm, 440 volt, 3 phase
60 cycle, horizontal, open, General Electric triclad motors. The
motors are eguipped with Class A insulation, suitable for an ambient
teamperature of 115°F, are type K, have frame No. 404 and are rated
for a 4OCPC temperature rise,

Two of the fans are sufficient to maintain the’design temp=
erature under most severe operating conditions., The third is a spare.

Outszide air passes through the filter systam and into a AIR FLOW
supply duct running through the center and length of the vault be-
neath the floor, and is distributed through a series of holes in
the floor throughout the vault area, The heated air is exhausted
from the vault ceiling into a duct having numerous grilles with
simple slide dampers for uniform withdrawal. This suction duct
connects to the fan suction chamber located at the opposite end of
the building from the intake chambers. Alr passes through the suc-
tion duct and fan chamber to the fans. Discharge from the fans flows
to an exhaust plenunm chamber from whence it is discharged to the
atmosphere through an exhaust duct. The ducts for transformer vault
ventilation are shown on Figure IT.1=13, '

: Ventilating air for the battery room is supplied from a
branch of the maia supply duct. ¥Fxhaus? air from this room joins
the main exhaust stream through a branch duct.

The three fans in sach vauld are controlled automatically AIR CONTROL
by thermostats located in the vault and suction duct. The first of
the three ventilating fans starts operating under the control of
any one of the three thermostats equally spaced through the center
of the vault and in the ceiling. Three thermostats in parallel
connection are used 28 a precaution against unequal distribution of
heat in case certain transformers are not in use., The second and
‘third fans will operate under control of thermostats in the air duct
at the ceiling near the fans. Under maximun summer temperatures, and

- full load conditions, the first fan thermostats will be set at 95°F
to. 100°F and the second at 115°F to 120°F, with the third used
as a spare, The settings can be moved to meet any conditions that

might arise.,
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It should be noted that the thermostats in ducts for #2
and #3 fans are of no use unless there is air flow in the duct.
To remedy this situation an electrical control box has been in-
cluded. In the event #1 fan should refuse tc start under ther-
mostatic control, the second fan is automatically connected to the
room thermostats. In similar automatic fashion, the third fan
receives control from these room thermostats in case the second Tan
fails to start. Any of the three fans can be rated #2 and #3 in
order of operation.

{3) Fan Maintenance

The following information on maintenance and operation
= of the ventilating fans consists of excerpts from the Buffalo Forge
i Maintenance Bulletin.

Fan balance is directly affected by 'dirt collecting on CLEANING AND
the rotor., As soon as a little has stuck to a fan blade, more dust, CHFCKING
grease, and dirt will gather there. This coating nay go as far as
to change the blade curvature so as to affect fan performance. Pleces
of dirt lodged on the fan blades can unbalance the entire Totor.

Periodic cleaning by means of a hose, scraper, compressed air or a
wire brush will prevent an unbalanced condition which in turn could
distort and later completely break down the impeller, Bent shafts and
ruined bearings are other troubles which may be headed off in this
manner. The frequency of inspections and cleanings will be determined
by the amount of dirt carried by the air stream.

: If a fan wheel is allowed to wear out completely, it may REPAIR PARTS
collapse due to weakness of the blades or flanges., This may in-

jure the fan housing, shaft, bearings or even the motor. For these

reasons care should be taken to inspect the rotor frequently after

cleaning, and before wear has become sericus, Because of details

of constructions, wheels should he returned to the factory for re-

blading or repairing of any kind,

Some of the ventilating fans in the process buildings run LUBRICATION

on sleeve bearings, and some on ball bearings. Lubrication for both
will be discussed,

For the sleeve bearings, oil conforming to SAE specifica-
tion No. 70 should be used. Too light an oil may cause leakage along
the shaft, while if too heavy an oil is used, the bearing surface
will not be properly lubricated.

The sleeve bearing reservoirs should not be overfilled,
since leakage nmay resul:t, The oil level should be maintained 1/8%
below the top of the oil cup when the fan is standing still. Fluctua-
tions in oil level when the fan is running will prevent true readings.
0il should be added only when the fan is not running,
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It is desirable to inspect and clean bearings and bearing
housings periodically. Since all lubricants have a tendency to
deteriorate sooner or later, it will be necessary to change the oil,
This should be done before oxidation makes cleaning toco difficult,

The bearings should be drained and flushed with xerosen. before adding
new lubricant,

Where ball bearings are used, a good grade of soda soap
grease, free from chemically active material should be used. The

bearings on a fan operating 24 hours a day at 1500 rpm will require
lubrication once every three months.

The operator should be careful not to add too much grease,
At no time should the housing be over half full.

" Maintenance and repalr work on the shaft couplings is COUPLINGS
negligible, Rubber bushings around the bolts that fasten the two
halves together will wear out and should be replaced. The coupling
clearance should be checked from time to time to see if the fan or
motor shafts have been bent or otherwise thrown out of line,

The tension on the V-belt drive will decrease as the belt V=BFLT DRIVE
stretches. The tension should be readjusted by the tension adjuster
as required from time to time, New belis should be installed by

slacking the tension, never by prying or forcing the belt into ,
position.

The sheave alignment should be occasionally checked to

prevent undue belt wearing. The drives should be protected from oil,

dust and any foreisn objects which might strike the belts or become
lodged in the sheave grooves. Belt dressing should not be applied,
since V~belts are designed for frictional contact between the sheaves
and the sides of the belts. Dressing would reduce this friction and
possibly injure the belts. :

The maintenance of the electric motors consists chiefly MOTORS
of lubrication, replacement of worn bearings, and cleaning the in-
terior and exterior of the motor from dirt, oil and grease. Motors
should be occasionally disassembled for a general cleaning.




TABLE II.1-1

CHARACTERISTICS OF CELL FLOOR VENTILATING FANS

Order Sheet

Sarvice

Number Required

Size

CFrM

RPM

S.P. at 95°F and 708 R.H.
B.H.P. at 950F and 70% R.K.
Limit HP at 95°F and 70% R.H.
S.P. at 70°F and 29.92" Bar.

B.H.P. at 70°F and 29.92" Bar,

1imit BEP at TOSF and 29.92" Bar.

Outlet Velocity Ft/min.
Static Zfficiency
Theel Diamet.er - Inches

Tip Spead . Ft/min.
Maximum Sefe Speed - RPM

Yotor - Yake

HP

RPM

Frame Number
V-Drive - Make

Motor Sheave - P.D.,

Fan shesve - P.D,
Numbsr Belts
Size Belts

Belt HP

Weight Unit - Lbs.

400-K-520/2

90

#6 LL
2l1,000
1,066
3,33
19.55
20.3
3.5L
0.8
2.8
2,820
6ho2
36.5
10,170
1,100
Yestinghouss
20

1,740

36k
Allis-Chalmers
9.hn

15,4

5
B-128"

27
1,870

Cell and Alley Ventilation - Seetion LOO
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TABIE II.l-2

CHARACTERISTICS OF OPFRATING FLOOR VFENTILATING FANS

Order Sheet LOC-K=508/9

Weight Unit - Lbs.

Service . Operating Floor Ventilation - Section 400
Humber Regquired ‘ 45
Size ' , 6 1/2 1L
CFM | 23,000
z R o -, 695
S.P. at 95°F and70% R.H. , | ) 1.37
B.H.P. at 95°F and70% R.H. 9.0
'Linit HP at 95°Fand 708 R.E. 79.15
S.P. at 70°F and29.92" Bar o 1.46
B.H.P. at 70°F and29,92% Bar 9.56
Limit HP at 70°F and29,92" Ber - 9.74
Outlet Velocity Pt/min. 2,475
Static Ffficiency 55%
Wheel Diameter Inches 40-1/4 ,
Tip Speed Ft/min. 7,300
Maximum Safe Speed RPY- ., 825
otor - Make | Westinghouse
HP .10
RPM 1,740
Frame Runber 325 ,
V= Drive- lake Al1lis~Chalmers
. Motar Sheave - P,D, Tt
Fan Sheave = P.D. 18.4"
Hwnbér Belts 3
Size Belts B = 14"
Belt HP 4.7

1.700




TABLE 1I.1=3

CHARACTERISTICS OF TRANSFORMFR VAULT VENTILATING FANS

Order Sheet 400=%=550/2
Service ‘ Transformer Vault Ventilation Section 40O
Number Required 15
Size ‘ 6 1/2 LL
CFM . _ 40,000
RFM 903
S.P. at 115°F (0.0682 density) T ' 3.85
B.H.P, at 115%F (0.0682 density) 33.4
Limit HP at 1150F (0.0682 density) 39.6
S.P. at 70°F and 29.92" Bar ' 4,23
B.H.P. at 70OF and 29.92" Bar . 36.7
Limit HP at 70° and 29.92" Bar 43.5
Outlet Velocity Ft/min. 24,00
Static Efficiency ‘ 72.5%
Wheel Piameter Inches v LO-1/4
Top Speed Ft/min. ) 9,540 .
Maximm Safe Speed RPN ‘ 1,042
Motor - Make ' General Electrie
' HP . 0
RPM | " 1,765
Frame Number. : 4,04 ‘
V- Drive- Make - Allils~Chalmers
Motor Sheave - P.D, 10,2"
' Fan Sheave - P.D. 20.0"
Number of Belts 5
Size of Belts C-158"
Belt HP o | 5545

weight Unit = Lbs. | 3,450
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