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by equipment heat and vapor releass. Such equiprent con-
sists of electric, steam or combustion heating devices, motom,'
electronic equipment and special ap

1962 Guide And Data Book

Generally the entrapment of contaminanta with air entails
substantial exhaust volumes. These are consequently critical

The

of equxpment heat gains to establish design loads requires
ratings, applicable lpad and use factors

and the determination of overall dwemby factors. Load Ffactors
relate actual equij heat dissig rating.
For motors, it is Lhe ratio of mmmum power input to the
motor rating. For heating devices such as ovens, furnaces
and burners, it represents the ratio of the energy required to
e.levate the temperature of a mass to the energy required to
in it at that temp Thus a Bunsen burner may
operate at partial capacity once a solution reaches its boiling
point. Values of 50 to 75 percent of rated capacity are ap-
plicable to Bunsen burners. Values for ovens and furnaces
may be obtained from f, * data or d from

surface area and temperature data. Load factors for el

in establishing supply air rates, sir flow patterns, and ajr
systems dmgn Explicit and detauled quahtatxve snd qm
titative data pertaining to exh
essential for the design of air wndmanmg and veutxlatmg
systems for laborstery and test facilities,

AIR BALANCE AND FLOW PATTERN

Oont.ml oi the direction of air flow in many laboratory
ngs y for p ng the
spmd of mrborne and i
from exp to toxic and hazard bst; o facilities
mvolvm,g work of such nature, the once-through priciple of
air flow is applicable. This method is based on the assump-
hona that (l) 100 percent outdoor air is supplied and ex-

- equipment are generally 100 percent. Those for special ap-
paratus should be obtained from f Heat release
from equipment located in fume hoods may be fully dis-
counted, and equipment under canopy hoods or ventilated
by special exhaust devices discounted 50 percent.

Use factors relate to the portion of an hour during which
equlpment may be in use to the time it is actually operative.
Many plecs of lab Y app such as um pumps
are not in continuous use, and when operative, cycle fre-
quently. The dwernty Jactor is the percentage of all heat re-
leasing equipment in a laborstory in simultaneous use. Use
factors and diversity factors are best obtained from technical
personnel engaged in the particular laboratory work.

The precedure for determining the simultaneous probable
equipment heat release is to: (1) obtain nameplate ratings of
all apparatus, (2) apply load and use factors to each,.and (3)
apply overall diversity factors.

Because of equipment thermal gains, lsboratory cooling
loads are characteristically highly variable. Equipment loads
often range up to 75 percent of total heat gains. For this rea-

son, individual space control is required for comfort condi-

tioning and restricted ambient conditions.

AIR FLOW RATES

Supply air qu&umma are stabl.lshed by room cooling re-
and load i Supply rates thus de-
rived may be designated primary air rates. Supplemental
supply required to make up deficiencies between room ex-
baust requirements and primary supply may be designated:
" (1) snfiltrated supply if induced indirectly from other spaces,
or (2) :emndary supply if conducted to the room directly.
Exhaust air rates are established by requirements for the
removal of heat odor and airborne contaminants. Contami-
nants generated or present within research facilities are fumes,
gases, pathogens, vapors, and radiosctive particulates or ions.
Many devices are employed to control the spread of airborne
- contaminants in laboratories and all require controlled fow
of large air quantities to entrain the pollutants and ly

‘with no reci n, (2) t. volume air ﬂow
i d with ali exh facilities st

opem(.mg at full capacity, and (3) any cross transfer of a:r
between spaces is from areas of lsast contamination to those
of hlghm contamination, In facilities where contamination
isolation is not critical, such as electronics laboratories, air
can be recirculated and control of interspace sir pattems is
not essential. Determmmts for air pattern control are: (1)
the type of cont ted in each space,
(2) the type, size and number of venulmd enclosures and
ﬂux)hary exhaust facilities in each space, and (3) permissibil-
ity of air transfer into or out of spaces.

Flow and sir balance patterns applxmble to various con-
ditions of air transfer are:

1 Nomnsferwarfmmaspaeeisperml
sate must be matched by the prmmry airrateorby a combination

of primary and
Onl trapsfer into & :paoe is itted, with no outflow,
ust rate must equal the prmlary air rato.
b If the exhaust the primary air rate, then air may
be infiltrated from adjoining spaces to make up che de-

spaces
ficiency, vldmgu:emumxmblemquaht and pey-
chmmczu'?cm v

3. Only transfer ou'.o( e spacc is permitted with no inflow. The
primary air rate may exceed the exhaust rate, and the excess
mpply air my be uzlhl-ed pmvld.mg its quality and condition
permit. erwise, the room must be kept in balance.

For highly critical air balance conditions, an air lock pro-
wdm a pomhve means of control. An air lock is an anteroom

lled and lled space with airtight
doors elecf.nca.lly interlocked to prevent simultanecus opera-
tion. T'hea.upattemm them.rlocklsdwgnedwmltanyol
the foregoing y space air bal:

FUME HOODS

A laboratory fume hood is a ventilated enclosed work space
consisting of side, back and top enclosure panels, a work sur-
face or deck, & work opem.ng called the face, and an exhaust

" plenum with h djustable slots for the

harge them to the at, b The most ly em-
ployed general purpose enclosure is the fume hood. Air re-
qu.m:ments for fume hoods range from 600 to 2000 ¢fm. Other

ial for the of highly toxic con-
taminants are also available. One variety is a small volume
completely enclosed unit called a glove or dry box. Air re-
quirements for these units are low and in the order of 5 to 10
cfm. Another is the massively shielded specially constructed
enclosure employed for high level radicactive work called the
hol cell or oave wherem handlmg of substam is done with

Dmgn rates
for these units are in the order of 1 air change per minute.

of air flow distribution. The work opening may be
unrestricted or may be equipped with operable glass doors for
observation and shleldmg purposes. Doors may be: (1) ver-
tically” operable, (2) h Iy ble, or (3) vertically
and honwntally opersble. The combination door, which
employs borizontally sliding sash within a vertical uplift
frame, provides maximum access for setting up apparatus,
reduced operating opening for the conservation of air, an

horizontally moveable protective shielding. Hoods are
equipped with a variety of accessories including filters, in-
ternal lights, service oatlets, sinks, air bypass openings and
airfoil entry devices. The location of the exhaust port dis-

" tinguishes hoods either a8’ up-draft hoods, if- the connection

tred. The exbaust

!

[ ExHAUST OUCT
supE HOOD
] N\ PoRY
LIGHT-
ANy h‘ A ~ %
FLE ~N 7
BACK BAF 1A |~ EXHAUST “ooo Face
OPENING
v ~.
|! v ~
oecK:
BASE-
CABINET
FLOOR

Fig. ! .... Typical Loboratory Fume Hood

is at the top of the exhaust plenum, or @@«baﬁ hoods, if
Tocated 8t the bottom. The up-draft design is most generally
employed. The doun~draft hood is applicable to work m\(o}v—

. :f.'.h-down facilities, or for radioactive work wherein the

exhaust air must be discharged through high stacka remots
from- the building. Fig. 1 illustrates the‘ba.sic elements of

hood.
° oir hoods are hoods designed for direct sup-
ply air connections to supplement and thereby redueej in-
duced air volumes. They are designed to either '
supplementary air directly into the hood or as a face air
curtain.

Hood Air Requirements

Air requirements for hoods are 8 ﬁncﬁon of (1) operating .

face area and (2) design face velocity.

- DpemhnngArw. Theopembrm]aaareaohhoodmthe

opening ares employed under opemt.mg conditions. It may be

equal to or less than' the fable face op :

Far a hood equipped with s single uplift door or & pair of

horizontally shdmg doors, the opera.tmg face is equal to t.he
For a ho:

* vertical dodr arrangement, the opersting face can be con-

» convection, supply air
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acceptable velocity at any point of the operating opening for
any intermediate position of the hood door. Maximurm veloci-
ties of 100 to 150 fpm will avoid disturbance to screened
flames and most test materials.! Velocities up to 300 fpm are
used for evaporation purposes.

Tesign air quantities for hoods arc the product of e plini-
mum face velocnty and maximum operating area divided by
the air distribution efficiency. Efficiency values depend on
particular hood designs but generally range from 90 to 95
percent.,

Hood Performance

Performance criteria for fume hoods are flow control, outfall
and face velocity control
Flow Control. Regulatmn of flow over the face opening of &

* bhood is obtained by adjustment of the horizontal slots on the

face of the hood plenum. One is provided at the bottom of
the plenum to sweep the working surface. Another is located
at the top to exhaust the canopy and a third is frequg:nﬂy lo-
cated midway on the plenum. These adjustable openings per-
mit regulation of exhaust distribution for specific operations.
Adjustment may be made for the collection of heavy fumes

. at the deck surface, for the capture of light fumes and hot

gases at the canopy or for uniform flow best suited to general
purpose operations.

Qutfall. Excluding external disturbances, outlall of fumes
from hoods ean be caused by: (1) eddy currents gepgrawd at
hood opening edges, surface projections and depressions, and’
(2) thermal heads.

Eddy Cm-renu Comer and intermediate posts, deep deck
lip dep sinks and projecting service fittings near the
face produce air turbul and potential outfall conditions,
Phain edges p & vena contracta within 1 in. of
the surface and uptos dept.h of 6 in. Fumes generated in this
area will be and possibly escape the hood en-
closure. Air foil shapes at the entry edges correct this condi-

tiop sod eliminate outfall possibilities. Sinks and service

‘ﬁtnngshouldbelocafedatleastsm beyond the hood face

and deck lips should have minimal projections. _

Air currents external to a hood ean influence the air pat-
tern of hoods and produce fume outfall.

Cross currents are g d by body , thermal
and rapid operation of
room doors and windows. Air motion at the hood face in ex-
cess of the hood face velocity disturbs face air flow and causes
outfall, Terminal supply air velocity in the vicinity of hoods
should be limited to 35 fpm. Location of hoods near heatimg

2! ts or doors and windows which are frequently operated

giderably less than the maximum face on
the number of sliding panels and the track arm.ngemmt. A
door with three sliding panels on separate tracks provides an
operating area which is two-thirds the laoe ares, whereas a

should be avoided. .
Thermal Head is the pressure difference between the in-

terior of the hood and the room due to the difference in

lensities of gases at el in the hood and

‘three panel door with two tracks provides an ting ares
equal to one-third the face area. Deﬁmtwnofahoodsopemtr
ing face area is requisite for the d ination of its air re-
quuement.s. :

" Design Face Velocity. Air velocity across the operating face
opening of a hood varies from point to point depending on
the hood’s air distribution characteristics. The average face
velocity is the quotient of the total air passing across the ince
measured st the exhaust port or by the fan operating point,
and the opemtmg face area. Minimum design face velocity is
the minimum acceptable velocity at any point on the operat-
ing opening. Values range from 50 to 75 fpm for work involv-
ing innocuous contaminants, 80 to 100 fpm for toxic and
hazardous fumes, and 100 {pm for low level radicisotope
work.! Minimum values are prescribed in many states under

Labor Codes. Marimum design face velocily is the maximum "

air at room temperature outside the hood. If the thermal head

. exceeds the suction head at hood openings, outward leakage .
. will occur. The suction pressure at a hood face operating at

100 fpm is 0.000624 in. of water. Thermal heads ggnemfed
by two columns of air rapging from 6 to 12 in. in height and
temperature differentials of 30 to 100 F (room temperature
70 F and hood temperature 100 to 170 F) range between
0.0004 to 0.0023 in. of water. The critical oondiﬁor{-vior de-
velopment of thermal heads is when the hood door is closed
coincident with high heat release. Hot geses accumulate near
the top of the hood and leak through parel, lighting fixture
and door frame joints. Effective eontml messures are: (1) by-
pass provisions d for flow through the
hood, (2) high face velocities (80 to 100 fpm) for optimum
thermal dilution, (3) airtight construction of the canopy,
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