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Executive Summary

The commercial kitchen exhaust ventilation systefust that—a system—and it cannot be designed to
its optimum by two professions operating indepetigief each other. The design model must change if
the problems experienced by FCSI members with Cy&tesns are to be diminished.

This white paper takes a global look at all thedesaffecting the performance of commercial kitthe
ventilation (CKV) systems including design air vales, cross drafts and location and types of makeup
air diffusers. In addition to addressing the desigallenge with ventilating display cooking, theitgh
paper provides guidelines for specifying air volgnar all styles of hoods that will work for reabvd
conditions; documents why short cycle/internallynp@nsating hoods don’t work; sheds light on grease
capture efficiency ratings, and provides language the consultant can use to ensure hood perfagnan
including procedures for hood performance testimgnd) commissioning.

The paper contends that design of exhaust ventilaystems is inherently challenged by a disconnect
that typically exists between the foodservice cttastiand the mechanical engineer. This commuminati
gap may be attributed, in part, to a general péi@ejpy designers, engineers and architects tleat th
function and operation of an exhaust hood is moeéghtforward than it really is. There is an uridiag,
but incorrect, supposition that an exhaust hootfuilction satisfactorily if it is specified in asmance
with its UL listed “cubic feet per minute” or “cfrrdir flow capacity. This lack of communication or
coordination disconnect between the mechanicatsysind the cooking equipment, whereby the design
process does not have an effective feedback laatpdhntifies the elements of a good system oy
system, means that the experience from one prigject effectively applied to the next.

The recommended elements of an FCSI strategic alang with specific best-practice design
enhancements, include:

Deliver the “best practice” guidelines embeddedinithis white paper through a continuing
education track for FCSI members.

Develop specification templates and examples tlilastrengthen the exhaust hood system
design as well as help guide the mechanical de€siigh respect to the CKV system).

Develop specific display cooking ventilation guidek and specifications, emphasizing the
operational limitations and significant exhaustiaiv requirements for hoods that are exposed on
all four sides.

Encourage better communication with the mecharingineer. Although the design of the
replacement air system is not, and probably nevlébe; the responsibility of the foodservice
consultant, there must be an increased influendaisrside of the design equation.



Review the mechanical drawings. Anticipate the f@ois that may occur during the design.
Strive to influence the mechanical design whenm@kdeficiencies are recognized.

Utilize hood manufacturers’ software or calculagdar selecting an appropriate design value for
a given project. Do not base the design exhaustorathe UL “cfm” listing for a given hood.

Hold “spec” on the design exhaust “cfm” — it shontat be negotiable within a competitive bid
and the evaluation of an alternative hood propbaséd on a lower UL listed ‘cfm’ value.

Collaborate on a research project that would ingatt the performance of island-canopy hood
configurations under representative display cookimgllenges. The scope of this project could
extend to the testing of “ventilated ceilings.”

Eliminate the specification of short-circuit hocdpossibly as far as taking an FCSI official
position against this style of hood/makeup air cioration.

Specify performance and secure a guarantee (fremehtilation system manufacturer,
mechanical engineer, installing contractor, anélnvolved) for the performance of the CKV
system. Within this context, air balancing of alhaust and makeup air, and performance testing
of CKV systems must be included in all jobs, aséhactions are required by most codes, and it
“closes the loop” to ensure that all aspects ofstfstem are functioning as designed.

The challenge faced by the foodservice consultadesigning a commercial kitchen with an effective
exhaust ventilation system is multifaceted. As ttiste paper evolved, the authors realized just how
complex the problem actually is and that therenisimple solution (ideally desired by FCSI in the
commissioning of this study). It will require a cprehensive educational initiative in parallel with
developing clear-cut and more demanding specifioatfor ventilating commercial cooking equipment.
The bar can be raised, but only for those FCSI negsilling to commit to the professional
development aspect and an increased level of effattor responsibility within the design of a
commercial kitchen ventilation system.
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1. Commercial Kitchen Ventilation (CKV) — The Design Challenge!

From the onset of a commercial kitchen project,désign of the exhaust ventilation system is chgkel
by an inherent disconnect between the foodserdgnsudtant and the mechanical engineer. This
communication gap may be attributed, in part, g@aeral perception by designers, engineers and
architects that the function and operation of dmaeist hood is more straightforward than it realy i
There is an underlying supposition that the exhlast will function satisfactorily if it is spec#d in
accordance with its UL listed “cubic feet per migiufcfm) air flow capacity. In some cases, this rbay
far from reality!

The fact that the CKV system appears to work jungt for many foodservice projects sustains a “statu
quo” viewpoint on the part of the consulting tednis when a ventilation system fails to meet amfis
expectations that the problem is blamed on thewesti@od specification and/or the mechanical design
and the “finger pointing” begins. Because of thpapnt disconnect between the mechanical system and
the cooking equipment, the boundary between th& wbone profession and that of another often leads
to grief for the Client. The typical design prosegso does not have an effective feedback lodp tha
identifies the elements of a good system over & pgatem—so the experience from one project is not
effectively applied to the next. This probably eipk why short-circuit hoods continue to be spedifi
even though their performance on previous projeets not satisfactory. While foodservice consultants
have seemingly succeeded within this design panadftig many years, the recent popularity of display
cooking and the associated application of singems canopy hoods has intensified the CKV design
challenge (as reflected by the candid experientESEGI members and their support of this white pape
and specification guidelines).

The commercial kitchen exhaust ventilation systefust that— a system— and it cannot be designed
to its optimum by two different professions opargtindependently of each other. The design model
must change if the problems with CKV systems ateetaiminished. Given what we know today about
commercial kitchen ventilation systems and allfdetors that affect operational performance, ome ca
begin to characterize tf@KV design challengigom the standpoint of the foodservice consultihe

goal of this white paper is to explain the paramets that impact CKV system performance and
provide a strategic plan and specification templat¢hat will help the foodservice consultant realize
project success.

The specification of the exhaust hood within thsigle of a commercial kitchen typically falls undiee
scope of the foodservice consultant whereas thigmasd specification of the ductwork, exhaustdan
makeup air side of the system falls under the manofethe mechanical engineer. If the responsybitit
specifying the exhaust hood were to be transfdoéde mechanical engineer, along with the
responsibility for the rest of the building ventiéan system, (a solution suggested by some FCSI
members), the design “disconnect” would simplytsteitthe interface between the hood and cooking
equipment (the disconnect is currently at the mgilevel between the hood and the ductwdgli)ce the
cooking equipment selection and configuration defies the exhaust requirements, it remains the
foundation of the CKV system.As the mechanical engineer has little knowledgehefcooking
equipment being installed beneath the hood arab#teciated “loading” on an exhaust hood, the dilamm
in design responsibility will not be resolved saiba It is the foodservice consultant who inhetite
ultimate responsibility for the performance of #tiehen equipment and the success of the foodservic
operation. If the exhaust system fails to perfaim,foodservice consultant “shares the blame” cigas
of whose responsibility it may have been within design hierarchy.

The ability of an exhaust hood to capture and éor{dé&C) the effluent (heat, smoke, vapor and flue
products) produced by the cooking equipment isnatfan of much more than the physical attributes of
the hood and the specified exhaust capacity. Umfately, many of these influencing factors are
overlooked in the detailed specifications (e.gpl@amce positioning beneath the hood or the defiyath



of the replacement air). Beneficial design factetgh as overhang, hood height, and side paneiscr
walls, may be downplayed in terms of their sigrifice and neglected within the specifications.

Both the foodservice consultant and the mechaeiegineer must learn that there is more to making a
hood work effectively than simply specifying itylst size and exhaust rate. Selecting the exhaest Is
only the first step in designing a CKV system, that last. Add in grease removal and odor contrtihéo
matrix and the design challenge intensifiise foodservice consultant must become involved wiit
aspects of the system design that affect the hquffermance, independent of who has official
responsibility under the master specification amiisalting chain of command. Field performance esti
(and potentially a performance guarantee) mustrequart of the CKV system specification.

2. The Cooking Factor (AKA the Need for Exhaust)

Hot air rises! An exhaust fan in the ceiling coalisily remove the heat produced by the cooking
equipment. But mix in smoke, volatile organic compds, grease particles and vapor from cooking,
water vapor, combustion products, and a meansptimieaand contain the effluent is needed to avoid
health and fire hazards. While an exhaust hoodtlamdystem components downstream, serves these
purposes, the key question is always:

“What is the appropriate exhaust rate?"..and the answer always depends on:

(1) the type, energy source and use of the cookingpetgnt below the hood,
(2) the position of this cooking equipment below thedo

(3) the style and geometry of the hood itself, and

(4) how the makeup air (conditioned or otherwise) teoiduced into the kitchen.

Cooking appliances are categorized by model codeési@mndards as light, medium, heavy, and extra
heavy duty, depending on the strength of the thiepinane (i.e., heat rising off the equipment) ahd t
guantity of grease and smoke produced. Underwiitgioeratories (UL) and some mechanical codes refer
to the cooking equipment duty classifications g of cooking temperature (i.e., 460 600F and
700°F, respectively representing the light/medium, lyeavd extra-heavy duty equipment). Both the
volume and velocity of the thermal plume risingftgim the appliance is a factor in determining the
exhaust rate. By their nature, these thermal pllanesery turbulent and different cooking processes
have different “surge” characteristics. For examfile plume from hamburger cooking is strongestrwhe
flipping the burgers. Ovens, compartment steamaigpaessure fryers display very little plume utiiiy
are opened to remove food product. Open flame thermostatically controlled appliances, such as
underfired broilers and open top ranges, exhibiingt steady plumes. Thermostatically controlled
appliances, such as griddles and fryers, have wedlmes that fluctuate in sequence with thermostat
cycling (particularly gas-fired equipment). As thleme rises by natural convection, it is capturgdhe
hood canopy and removed by the suction createtiégxhaust fan. Air in the proximity of the cooking
bank then moves in to replace it. This replaceragntvhich must originate as outside air, is refdrio

as makeup air (MUA).

Building codes distinguish between cooking procesisat create smoke and grease (e.g., frying,
griddling, or charbroiling) and those that prodoody heat and moisture (e.g., dishwashing and some
baking and steaming operations). Cooking that presismoke and grease requires liquid-tight
construction with a built-in fire suppression syst@ype | hood), while an operation that producely o
heat and moisture requires neither (Type Il hood).



3. The Hood Factor — Capture and Containment (C&C)

The design exhaust rate depends on the hood stgleanstruction features, as well as factors meatio
above. Wall-mounted canopy hoods, island (singléonible) canopy hoods, and proximity (backshelf,
pass-over, or eyebrow) hoods all have differentuwapareas and are mounted at different heights and
horizontal positions relative to the cooking equamin(Figure 1). Generally, for a given line of
appliances, a single-island ceiling-hung canopydhwitl require significantly more exhaust than dlwa
mounted canopy hood, and a wall-mounted canopy hequires more exhaust than a well-engineered
proximity (i.e., eyebrow, backshelf or passovetetiood. The performance of a double-island cgilin
hung canopy hood tends to emulate the performahtweodack-to-back wall-canopy hoods, although
the lack of a physical barrier between the two heections makes this configuration more susceptible
cross drafts. Single-island canopy hoods presertiultimate” capture and containment challenge in
hood applications and are typically the foundatbthe problems in display cooking kitchens.

SINGLE-ISLAND CANOPY DOUBLE-ISLAND CANOPY EYEBROW

Figure 1. Styles of Exhaust Hoods.
Source: ASHRAE 2003 Applications Handbook, ChaBterKitchen Ventilation

Side Panels

Side (or end) panels or skirts (both partial ot &3l represented in Figure 3) permit a reduced

exhaust rate in most cases, as more of the repéateair is drawn across the front of the

equipment, improving capture of the effluent plugemerated by the hot equipment. Side

panels are a relatively inexpensive way to improved performance. Another benefit of end
panels is to mitigate the negative effect thatsrsfts can have on hood performance. It is
important to know that partial side panels can arealmost the same benefit as full panels.

Laboratory testing [ref. 1, ASHRAE] has demonstiatductions in capture and containment
airflow rates up to 100 cfm/ft of hood by the apption of partial side panels on 10-ft. wall-

canopy hoods. Although defying its definition as‘afand” canopy, end panels can
dramatically improve the performance of a doublanid or single-island canopy hood.

! } Figure 3. lllustration of partial (top) and full ( bottom) side panels.



Increased Overhang (and Reduced Rear Gap)

An increase in hood overhang will improve the cepbility of a canopy hood because of the incretase
distance between the plume and hood edges. Thidmagcomplished by pushing the appliances as far
back to the wall as practical (not something thairactical with a single-island canopy hood). Ti&0
decreases the gap between the rear of the apphadcine back wall, further improving the capture
performance of the hood. Larger overhangs are rewmnded for appliances that create plume surges
when doors or lids are opened, such as conveatidrt@mbination ovens, steam kettles, compartment
steamers and pressure fryers. Larger overhangs@mmended for appliances that have larger (deeper
footprints. Specifying a deeper hood (e.g. 5 fta/ft) will directly increase overhang, provided
appliances remain as far back as possible in thd,tend is an effective solution for the oven or
combination-oven and its “door-opening” challengemember that code-required overhangs are
minimums, not best practice.

Hood Geometry

The ability of a hood to capture and contain cogléffluent may be enhanced by adding passive fesatur
(e.g., angles, flanges, or geometric flow deflestor active features (e.g., low-flow, high-velggits)
along the edges of the hood or within the hoodrvese Such design features can improve hood
performance over a basic box-style hood with tmeesaominal dimensions. These edge details help to
contain an aggressive thermal plume within the hesérvoir giving more time for this effluent to be
removed through the filters. Typically, a largetpmr of an aggressive plume (rising vertically froime
cooking surface) will blow by the filter or inlelios and circulate within the canopy of the hood dogvn
the front and/or sides of the hood enclosure.dfuees is incorporated to redirect this downwanehvihg
effluent back towards the filter, the performanééhe hood (i.e., its ability to capture and contai
reduced airflows) is improved. This may comprisgnaple right angle flange along the front insidged
of the hood. In other cases, a triangular sheedlrdetail within the front wall of the hood has haesed

to achieve the same effect. In one case, a dynswhition has been to incorporate an active high-
velocity, low airflow air jet along the front edgad/or side of the hood canopy to effectively contle
effluent plume, thus providing an incremental perfance benefit over the static sheet metal solution

Mounting Height

Hood mounting height (or more specifically the diste from finished floor to front lower edge of an
exhaust hood) can impact the ability of the hoodapture cooking effluent. Obviously, the furthiee t
hood is from the cooking surface, the easierfibiighe cooking effluent to escape the hood footpri
(driven by adverse cross drafts) and not be reméresd the kitchen. Recent research [ref. 1, ASHRAE]
demonstrated that increasing the mounting heightwéll-mounted canopy hood from 6 ft. 6 in. td.%6f
in. required a moderate increase in exhaust rdt)1f the heavy-duty appliance challenge was kedat
at the end of the hood. If this heavy-duty chajeewas moved to the center of the 10-ft. test htve,
effect of increased hood height was negligible.

Based on this cursory research, the authors ofuhite paper believe that minimizing hood-mounting
height remains a justifiable best practice, paldidy for island canopy hoods (for which we havetest
data). If the performance of a single-island canopod is challenged at 6 ft. 6 in., it will be ev@more
challenged at 7 ft 6in. That said, the recent jwaaf specifying a hood mounting height of 6 fin8in
response to the Uniform Federal Accessibility Stadd (UFAS) that calls out 80 inches (6 ft. 8 for)
headroom, is not considered (by the authors) @ significant factor in hood performance. Evenfa 7
mounting height for a wall-mounted canopy, if congad best practice features such as a deeper hood
with end skirts and heavy-duty appliances positictosvards the middle, is not a performance
compromise.



Ventilated Ceilings

Ventilated ceilings are a concept that originate&urope and was recently introduced in North Aozeri
The concept is attractive for the display cookipglaation, although there is an obvious concemmuab
capture and containment performance, as well anpat grease loading of the ceiling, particulddy
heavy-duty appliances such as charbroilers. Atghist, there is a need for performance data and
objective case-study feedback to the design contyuFhis application is particularly appealing for
island cook line being used at a culinary schoeatar, or when openness and line-of-sight issiees ar
important.

Cross Drafts

Cross drafts often have a detrimental effect oh@tld/appliance combinations. Cross-drafts wikketff
island canopy hoods more than wall-mounted canagyls because they have more open area allowing
drafts to push or pull effluent from the hood. Egample, a pedestal fan used by the kitchen staff f
additional cooling can severely degrade hood perdmce by pushing smoke and heat from the cooking
equipment into the kitchen. Delivery doors, sendoers, pass-through openings and drive-through
windows may be sources of cross drafts due to matt@nd internal air pressure differences. Croafsl
also can be developed when the makeup air systaot igorking correctly or when it has been
improperly designed to start with. Adjustmentsfagguently made after the initial test and baldoge
maintenance and servicing personnel. Safety faeat@rsypically applied when determining the desihne
exhaust rate to compensate for the effect thatsiratkair movement within the kitchen has on hood
performance. However, it may take a very largetgdéetor to overcome a cross draft problem in an
island hood application.

Makeup Air Factor

The layout of the heating, ventilating, and air-aitioning (HVAC) and makeup air (MUA) supply air
outlets or diffusers can affect hood performandesE can be sources that disrupt thermal plumes and
hinder C&C. Air that is removed from the kitchemahgh an exhaust hood must be replaced with an
equal volume of outside replacement (makeup) aiuigh one or more of the following pathways:
1. Transfer air (e.g., from the dining room and/ockén HVAC unit)

Displacement diffusers (floor or wall mounted)
Ceiling diffusers with louvers (2-way, 3-way, 4-Way
Slot diffusers (ceiling)
Ceiling diffusers with perforated face
Integrated hood plenum including:

Short circuit (internal supply)

Air curtain supply (vertical discharge along theséw front of the hood)

Front face supply (horizontal discharge from ttomfrof the hood)

Perforated perimeter supply (vertical dischargagiline top front of the hood)

Backwall supply (rear discharge behind the appkahc

Combinations of the above

ok wnN

Introducing makeup air into the kitchen withoutrdjgting the ability of the hood to capture and/or
without causing discomfort for the kitchen staflisuge challenge. Dumping 8,000 cfm of MUA, for
example, along the front of a 25-foot cook linesloet go as smoothly in practice as it might on a
theoreticakir balance schedulénother way to look at this is to never “forcet tdwards the hood—
make the hood do the work and “pull” the air towgitdelf. Not only can makeup air velocities hamper
the ability of the hood to capture and contain @ogleffluent, locally supplied makeup air thatas ttold
or too hot can create an uncomfortable working remvnent.



The International Mechanical Code (IMC) requireattithe temperature differential between makeup air
and the air in the conditioned space shall notexdé°F. Exceptions include (1) makeup air thpgais

of the air conditioning system and (2) makeup'at loes not decrease the comfort conditions of the
occupied space. Obviously, exception number 2 iiadtsthe “gray zone” of interpretation by both the
designer and the authority having jurisdiction (AHJ

Short-Circuit (Internal Makeup Air) Supply

The application of short-circuit makeup air hoodsthues (unfortunately) to be a controversial ¢cgoid
deserves dedicated discussion in this white pdperse internal makeup air hoods were developed as a
strategy to reduce the amount of conditioned ajuired by an exhaust system. By introducing a porti
of the required makeup air in an untempered camdirectly into the exhaust hood reservoir, thie ne
guantity of conditioned air exhausted from thelkée is reduced (with a corresponding assumption of
reduced energy costs). Research [ref. 2 & 3 CalidoEnergy Commission] has shown however, that in
the cases tested, internal makeup air cannot tmalinted at a rate that is more than 15% of the C&C
exhaust rate without causing spillage (despite whslhown on the air balance schedule or marketing
literature). In fact, the study showed that oneettireshold for C&C was exceeded, every additional
“cfm” of short-circuit air introduced within the lod reservoir required that the exhaust rate beasad
by another “cfm” to sustain capture. When shortuiirhoods are operated at higher percentages of
internal MUA they fail to capture and contain tlomking effluent, often spilling towards the backtloé
hood rather than along the front edge of the htlwel dynamic barrier caused by the introductiorhef t
short-circuit air suppresses spillage along thetfemlge of the hood). Dilution of the thermal pluwith
the internal MUA can further disguise spillage, hudegraded kitchen environment is confirmation tha
the hood is not effectively capturing the cookirfifuent. If the design exhaust rate is significgritigher
than the actual rate required for C&C (i.e., inelaic large safety factor), the percentage of stimtit

air can be increased accordingly, creating a camddf apparent value.

Simply stated, short-circuit hoods are not recommetted under any circumstancesThis
recommendation is endorsed by leading hood manurfast even though they may still include short-
circuit hoods in their catalogue and competitiviely a project based on a short-circuit hood spec. |
other cases, the local representative may prorhetedncept in pursuit of a marketing advantagethed
consultant’s specification on a project.

Four-Way Ceiling Diffusers

This is another performance-degrading practicedbaerves special mention. Four-way diffusers &atat
close to kitchen exhaust hoods can have a detrahafiect on hood performance, particularly whem th
flow through the diffuser approaches its desigrtlishir from a diffuser within the vicinity of theood
should not be directed toward the hood. Dischagdecity at the diffuser face should be set at ages
value such that the terminal velocity does not edces fpm at the edge of the hood capture dirésa.
recommended that only perforated plate ceiling diffisers be used in the vicinity of the hood, and to
reduce air velocities from the diffusers for a giva volume of makeup air—the more diffusers the
better. This strategy tends to oppose standard HVAC sysliesign practice, where the engineer is trying
to maximize the velocity through a diffuser in arte better distribute conditioned air throughdu t
space. This is an example of a “best practice” itast be communicated to the mechanical engineer by
the foodservice consultant. It should be one oftéras that the foodservice consultant checks when
reviewing the mechanical drawings. Plainly put, slever the supply air movement around the perimete
of the hood — the better the C&C.

Ductwork Factor

Another aspect of the design challenge relatelsaanistallation of the exhaust ductwork and thepial
to increase the static pressure above the deslga.van extra right angle or two that was not oa th
drawings can add resistance, reducing the exhlawstf the hood. In many cases, the air balance



contractor can correct a deficit in airflow at #wpense of increased fan energy consumption. But in
other cases, there may not be enough fan horseggowwecommodate the increase in fan speed needed to
pull more air through the hood. And in other casies air balance may not be conducted with sufiicie
integrity to identify that a hood is operating belits design flow rate.

The scope of discussion on ductwork could exparnckbuto include topics such as pressure testimg fo
liquid tightness, impact of duct velocities, cleza to combustible regulations, or the benefitsref
fabrication. However, this section in the white @ajs limited to the direct impact that ductworlutmb
have on hood capture performance.

Listed Hoods (...and the Fallacy of the “CFM” listing)

Building and/or health codes typically provide ltasbnstruction and materials requirements for eshau
hoods, as well as prescriptive exhaust rates basegpliance duty and the length of the hood (cém p
linear ft.) or the open face area of the hood (gémff). Codes usually recognize exceptions for hoods
that have been tested against a recognized starsmfu adJL Standard 710,Exhaust hoods for
commercial cooking equipmerjtef. 4, Underwriters Laboratories]. Part of thik Standard is a

“cooking smoke and flare up” test. This test iseesiglly a capture and containment (C&C) test where
“no evidence of smoke or flame escaping outsideettiust hood” must be observed. Hoods bearing a
recognized laboratory mark are calleded hoods, while those constructed to the prescriptive
requirements of the building code are calliatistedhoods. Generally, listed hood can be operated at a
lower exhaust rate than anlistedhood of comparable style and size over the sarok lawe. However,
the design exhaust rate should be higher than tHested minimum “cfm” to incorporate some level

of safety factor. UL clearly states that under the application &f710 “air flow rates are established
underdraft freelaboratory conditions with the appliance cookingiace temperatures as noted. Greater
exhaust and/or lesser supply air flow rates marefaired for each specific installation to obtain
complete vapor and smoke removal.” However, thiaagets lost as the hood manufacturers vie for a
consultant’s specification based on their agerstedi ‘cfm” for a given hood type and applicatiornt®l
that the listing agency does not have to be ULnéakieugh the listing must be in accordance withidhe
710 Standard (several hood manufacturers receatly hsed ETL as a listing agency).

Unfortunately there is a widespread belief withie tesign community (which tends to be propagayed b
the sales side of the CKV industry) that the list@dimum “cfm” value is an appropriate design extau
rate. In many cases, this can be far from thetye&fhen application engineers from hood manufactir
are queried (outside the context of a competitidéibg situation) for an exhaust airflow
recommendation, they will consistently suggesflairs that exceed the listed “cfm” for the hood
application under consideration. But when push-aatoeshove in the competitive arena, the listed“cf
continues to be endorsed as a basis for desighaodiselection.

The ASHRAE Handbook Chapter on Kitchen Ventilatjef. 5, ASHRAE] provides a table of typical
design rates for “listed” hoods (noted as Table this white paper). This table was developed wiffut
from the major hood manufacturers in an effortrovile a designer with a sense of realistic airftates
for a given hood application. Unfortunately, théormation in this table is not widely understoodused
by foodservice consultants. Note that the upperaéride range for each hood type and appliance iduty
well above typical “listed” minimum airflows for ea hood type. And it is the upper end of these éang
that provides a safe starting point for the desigan exhaust ventilation system. Unless valid desa

for a similar cook line and appliance configurat{ont the listed values) can be provided, or a gpuime
secured from the hood supplier for a reduced exhrates the consultant should hold to design values
toward the upper end of the ranges in Table 1.r&hge reflected in this table is due to the faat there
is a large variation in the cooking effluent chagle for different foodservice operations, eventtier
same “duty” category of appliances. It is also thuthe fact that listed hoods are not created egsaine
hoods work better than others. This is why it ipdmant to select the design ventilation rate usiood
manufacturers’ software tools or hood sizing forasukather than their “listing” values.
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For example, a heavy-duty appliance such as a aikbat the end of a mixed-duty appliance line is
going to require a design exhaust ventilation ¢agesed on the experience of the authors and refegn
Table 1) of at least 300 cfm/ft for a wall-mountathopy hood (depending on the actual hood being
specified). If side panels are utilized, and ovathis maximized, this design number might be drdppe
250 cfm/ft. However, a quick survey of manufactaréistings on the UL web site shows minimum
airflow rates in the range of 150 — 250 cfm/ft (waitit side panels and with minimum overhang). And
when one moves to a single-island hood applicatigalistic design airflow for a heavy-duty challeng
such as the charbroiler need to be in the 600 tfanifye. But the typical 600°F listings for thipeyof
hood are under 300 cfm/ft. This huge gap betwdésteal “cfm” and a successful design “cfm” sheds
light on the display-cooking predicame8tngle-island canopy hoods are being specified with
inadequate exhaust airflows for heavy-duty appliane lines on many projects.

To fully grasp this issue, one needs to underdtanda listing agency conducts their capture and
containment (smoke and flare-up) test in accordaitteUL 710. For the case of a high-temperature
(60C°F) application (which would apply to a hood ovegas charbroiler) the minimum and maximum
length of a given hood model is tested over antrteloroiler (with cooking surface dimensions I¢isan
2 ft. x 2 ft). This electric broiler, which is uséalrepresent a 60B cooking challenge, is installed at one
end of the test hood. The exhaust rate is increasicho visual smoke is perceived to spill whihe
broiler is cooking a full load of 30% fat hamburgeitties. The exhaust rate under this capture tiondi
becomes the reported minimum “cfm” within the haolisting. Now, any foodservice consultant
understands that a 2 ft x 2 ft electric broiler sloet produce the equivalent heat and smoke of a
commercial gas charbroiler, with dimensions thatldypically be 2 ft x 3 ft or 2 ft x 4 ft and hav
rated inputs in the order of 90,000 to 130,000 IBtif/the consultant is specifying a gas broileisi
logical that a hood may not be able to capturentbed and smoke produced by the broiler if the exhau
hood is sized according to its minimum “cfm” liggifor a 600F classification.

From a more optimistic perspective, the exhaustmequired to ventilate a mixed-duty appliance line
(typical of an institutional kitchen with a rang®pt broiler, fryer, steamer and oven) may be clts¢ne
average of the ventilation requirement for thevidlial appliances [ref 1. ASHRAE 1202 Research
Project]. Since codes dictate that the exhaudloairbe based on the heaviest duty appliance utieer
hood, a hood installed over a mixed-duty applidim@emay work just fine if it is sized based on the
hood’s listing for a 60T appliance (for example, 250 cfm/ft). But if th@iter is placed at the end of the
cookline and side panels are not utilized, capaima containment may be challenged at this rateth@&mo
strategy may be to use multiple hood sections stocn hood features that will allow different veatibn
rates along the length of a canopy hood.



Equipment Position Factor

The minimum capture and containment rate can vgnif&cantly based on the position of equipment
under the hood. For example, a heavy-duty appliahtiee end of a hood is more prone to spillage tha
the same appliance located in the middle of thelhBoont to back positioning of equipment (e.g.,
overhang) can dramatically affect the exhaustmagaed [ref. 1 & 2, ASHRAE and CEC research]. In
almost all cases, the measured exhaust rates &ponted research were significantly higher than the
typical listed “cfm” for the style of hood beingsted. Design values for exhaust capacity (of tleeifpd
hood) need to be derived from the experience ofabdservice consultant and/or input from the hood
manufacturer’s engineering application growith reference to the recommended values in Table, 1
the design airflow rate should be selected from thepper end of each range, unless the designer has
more specific performance information or a guarante that the hood will perform at the lower
airflows. Once specified, the exhaust “cfm” shoulahot be negotiable on a project, despite the
performance claims (based on UL Listings) of an aftrnative supplier.

Hood Style Factor

Figure 2 compares the threshold capture and contaihexhaust rate for a standard single-islandpmano
hood, a standard wall-mounted canopy, an engineeafiemounted canopy hood and an engineered
proximity (backshelf) hood, all tested under a dtod of ideal, low-velocity makeup air supply in a
hood testing laboratory [ref CEC research project ASTM 1704]. The exhaust rate for both the
standard island and standard wall canopy applicatie significantly higher (on a cfm/ft basis) thha
listed minimum airflows for different manufacturesthese styles of hood. In the case of the ergate
wall canopy, increasing the overhang and addintighaide panels reduced the threshold exhausfaate
C&C dramatically, down to 300 cfm/ft (which waslisébove the listed cfm for this hood). And theusl
of an engineered proximity hood is illustrated ydher reduction in exhaust rate required for ptate
capture and containment.

Two 3-Foot Charbroilers Cooking under an 8-Foot Hoo  d
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Figure 2. Capture & Containment Exhaust Airflow Ra  tes for 4 Styles of Hoods



But overhang (or appliance setback) is not a pat@mtieat can be “played with” in a single-islanchcpy
installation to improve its performance. In fachem makeup air introduction schemes create havitc wi
the capture of the thermal plume from heavy-dutyiment such as a charbroiler, an exhaust ratéghs h
as 600 cfm/ft (measured along one side of the gahopd) may be far from adequate for a single-tslan
canopy. An exhaust rate of 600 cfm/ft is well abthe standard specification of foodservice constdta
and/or manufacturer recommendation based on th&$itisting for this applicationThis is the
foundation for the failure of a display-cooking hoal to perform as expected.Unfortunately, other
than this study, there has been very little pudbcaain performance testing of island canopy hoods a
the factors that affect performance. FCSI wouldveicomed a co-sponsor of research to document the
performance of various configurations of islanda@nhoods over representative cooking appliance
configurations. Besides adding the FCSI name ®r#gearch, it would aid members in serving their
clients more professionally.

ASTM Standard F-1704, Test Method for Capture and ©ntainment Performance

Threshold exhaust rates for a specific hood antlaage configuration may be determined by labogator
testing under the specifications of ASTM F 1704-8f&ndard Test Method for Capture and Containment
Performance of Commercial Kitchen Exhaust VentlatSystems. This standard test method was
developed [ref. 6, ASTM] to provide a more reliabiieasure of a hood’s ability to capture and contain
the effluent produced by a defined cooking chakerfithe phrase "hood capture and containment” is
defined in ASTM-1704 as "the ability of the hoodctpture and contain grease-laden cooking vapors,
convective heat and other products of cooking mees’. Hood capture refers to the products geittitog
the hood reservoir, while containment refers t@¢hgroducts staying in the hood reservoir and not
spilling out into the adjacent space. The phraseitrum capture and containment” is defined as "the
conditions of hood operation at which the exhalast fate is just sufficient to capture and conthie
products generated by the appliance in idle or )#@ad cooking conditions, or at any intermediate
prescribed load condition”. During a C&C test wille cooking appliances in full production, the ex$ta
rate is reduced until spillage of the plume is obs@. The exhaust rate is then increased in fine
increments until a condition of C&C is establish8dnmilar in concept to the listed “cfm” derived ifmo

UL 710, the threshold of C&C for an ASTM 1704 tissestablished under ideal laboratory conditions
and is only a reference point for specifying theaast flow of an exhaust hood. Note that the tholesh
exhaust rates shown in Figure 2 were establishied tise ASTM 1704 protocol.

CKV System Effects — Integrating with the HVAC Sysem

Integration of the CKV system with the HVAC systémther complicates the design challenge and often
the ability of the CKV system to perform to expéictas. The HVAC design details can make or break
the CKV system performance because makeup airatglio the exhaust hood can influence capture and
containment. The key to avoiding performance proilés communication between the foodservice
consultant and the mechanical engineer. The fordicgeconsultant needs to influence the design and
participate in the review of mechanical drawingstfe kitchen. Most hood manufacturers would be
happy to assist the consultant in this coordinaféait and be the ‘go-between’ to speak both laggaa

The replacement air required for kitchen ventilatystems is always 100% of the exhaust airflow. A
common design practice is to supply about 80% piiment air using an independent makeup air unit
with the remaining 20% supplied by conditioned @mesir from HVAC units serving the kitchen or
transfer air from adjacent spaces. CKV Lab resepeffCEC PIER study] demonstrated that supplying
more than 60% of the replacement air requiremettitinvthe vicinity of the hood could challenge the
hood'’s ability to capture and contain, unless tkteaest rate was increased. In many climates replace
air from an independent makeup air unit is not diorked, which may create uncomfortable conditions
in the kitchen. Conventional design practice duztsake full advantage of the relatively high rate



occupancy ventilation air that is introduced irfie tlining room or other areas of the building aslja¢o
the kitchen that can be transferred as a contdbut the makeup requirement.

Due to high design occupancies in dining roomsetlian opportunity to use occupancy ventilation ai
as replacement air, reducing or eliminating thetfiom of replacement air from the independent makeu
air unit. Since occupancy ventilation air is cdiwgied in most cases, transferring it to the kitcfer use
as replacement air can improve comfort conditiorthé kitchen. Although this strategy usually is
permitted by code (note that transferring air fremoking areas of a dining room or bar may not be an
acceptable option) it goes against general desigetipe where the mechanical engineer is comfatabl
specifying a dedicated makeup air supply that rejtllace 80 to 90% of the air being exhausted. iBhis
another reason for the consultant to communicate tve mechanical engineer.

Impact of Demand Ventilation

The concept of demand-controlled ventilation isaative within the design of commercial kitchens.
While this technology currently is lead by one mfacturer, it is anticipated that other strategies o
variable speed control will emerge and that itgpation in commercial kitchens will become
mainstreamA primary component of demand-ventilation control is a variable frequency drive
(VFD) on both the exhaust and makeup air fansThis facilitates balancing the system and alldwes t
designer to incorporate a larger “cfm” safety faatithin the exhaust hoods specification without an
ongoing penalty to the foodservice operator. Thfsty factor can be “taken out” of the system dgirin
commissioning, but it is always there if neededdad choice for an island canopy hood as repléatiag
exhaust fan is not the preferred option when thagltails to perform). Sometimes concern may be
expressed that an exhaust fan and motor assemidy mpatible with a VFD. Although possibly a
problem in a retrofit, this is not a problem ineandesign as it is easy for the mechanical engitveer
specify a VFD compatible fan package.

The economic return on a demand-ventilation corfddC) package generally increases with the size of
the project (i.e., larger hoods). FCSI consultamésoften involved with institutional kitchen deség

where the design exhaust rate is significant andiie of cooking equipment is very meal-period ifipec
(e.g., hotels, hospitals, schools). This provideat#ractive opportunity for demand ventilation ttoh

The subject of demand ventilation could becomedicdéed best-practice module within the scope of
expanding educational resources for FCSI members.

4, Grease Removal/Filtration/Odor Control

The subject of grease removal and odor controlinescan essay unto itself within this CKV white pape
(and associated breakout session in future eduedtiorums). From the perspective of the FCSI
member, the effluent control challenge associati#dl wood-fired equipment may rival the display
cooking challenge. When it comes to specifying rticd package to mitigate the emissions from wood-
fired equipment, everyone steps forward with tpeéferred technology package. But when the system
fails to meet client expectations and the compdaiali in, the finger-pointing routine commencesl an
any implied performance guarantees evaporate.

Primary grease removal occurs within the hoodfitsetluding baffle filters, cartridge style filterand
built in grease extractors. Adding to this listpeimary filter devices are a number of secondaages
that include water mist, mesh filters and compat-filtration media. And downstream the primary
and/or secondary devices, one may specify techiesdlay combination of technologies such as
ultraviolet light (UV), electrostatic precipitato(ESP), catalysts, water-based scrubbers, and high
efficiency HEPA filters. The final component of anaplete (and hopefully effective) emission control
package could include an odor control module cosmpyiactivated charcoal/potassium permanganate
blend or an odor-masking chemical. But this compnsive emission control package comes with a
significant price tag — both in first cost and ntaimance.



Grease production from cooking equipment and itgrobneed to be systematically dissected to
understand the challenge facing the foodservicsuwtant. Definitions need to be put forward thayroa
may not be consistent with a consultant’s undedsteanof grease emissions and the ability of adfilom
system to remove grease from the system. ASHRAHqusly funded a research project [ref ASHRAE
RP 745] that provided new insights into the chanéstics of the grease being produced by cooking
processes. Figure 3 presents a summary of theegegaissions that were quantified for different
appliances and food product. The data illustratg avrease filtration system may fall short of the
manufacturer’s claim and/or the designer’s expeniat

An immediate observation is that the quantity afage released into the air stream varies signtfican
from one appliance to the other. An underfiredlyadler may introduce 50 pounds of grease intoian a
stream for every 1000 pounds of hamburger patte&ed; while a griddle will produce only 15 pounds
of air-borne grease per 1000 Ib. of food cookedd Aomewhat counterintuitive, a deep-fat fryer was
shown to introduce very little grease into the axdtateam. What one sees in the aggressive plume
generated by a fryer is condensed water vapor fhendehydrating food product. The air quality exper
refer to the solid droplets of grease in the agash as particulate matter (PM) while grease thatrfot

yet condensed into small particles is denoted psva his vapor component may often be described as
condensable particulate matter (condensable PMjusecit will condense into ultra fine (sub micron)
grease droplets when the air stream is cooled tmearhtemperatures (e.g., less than 60°F).

It is important to recognize that “condensable” grease vapor cannot be extracted by mechanical
filtration until it has condensed into actual particles.In all instances, the grease vapor (i.e., a gal® s
merrily through the baffle filter and into the dweirk. This explains why there can be a build up of
grease around an exhaust fan on the roof of aurestiin a cold climate zone, while the exhaustdara
restaurant in a southern climate is grease free.

The grease breakdown for a gas broiler cookingdmsrghows that less than 50% of the grease
introduced into the air stream exists as partitias are larger than 2.5 microns (micrometers) in
diameter. Unfortunately, particle sizes that akerlicrons or smaller are very difficult, if not ilogsible,
to remove by the centrifugal forces imposed oraihstream by a baffle filter. Figure 4 illustratee
efficiency of grease removal for a high-efficiermaffle filter with respect to the different gregsaticle
sizes. Note that below 2.5 microns in diameter gitease extraction efficiency of the baffle filter
approaches zero. In other words, the best balfer fin the market that is installed in an exh#astd is
not going to be able to remove 50% of the greasledarihermal plume created by a charbroiler. The
grease control challenge becomes clear. It's nadewfire protection and duct cleaning remain crucia
issues in the exhaust hood business.



A manufacturer’s claim that their filter can rem@&% of the grease is a dramatic overstatement of
reality. Although these removable baffle filterg #isted in accordance with UL 1046, Standard for
Grease Filters for Exhaust Ducts, thils Standard does not measure or rate the grease remal
efficiency of a grease filter or cartridge.Thus, exaggerated grease filter efficiency clatostinue to
propagate within the sales literature and undoipmmhfuse the foodservice consultant.

In order to remove the small grease particles apdbrfrom the air steam, we must utilize more
sophisticated technologies downstream of the teeite filter. In support of the variety of secomga
grease removal strategies and devices, the indouasryatified a new ASTM test method [ref. 7, ASTM
2519] for quantifying the efficiency of grease extion with respect to particle size (see example i
Figure 4). However, testing and publication of@éncy data for grease removal devices is in fanicy,
so consultants must rely on their experience atuition for a few more years. Eventually foodseevic
consultants will be able to specify a grease fi#tiiciency in accordance with ASTM F-2519 [ref AT
as performance data is made available by the metméas. The authors of this white paper beligvat t
in the relatively near future, it will be possititedevelop a FCSI best-practice guideline for Sy
grease removal devices and systems.

Figure 3. Total grease emissions by cooking proces  s.
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Figure 4. Fractional efficiency of a high-efficien  cy baffle filter (Reference CE-CERT).

Perspective on UV Technology

Ultraviolet light (UV) as a grease control strategyeing offered by at least four hood manufactiire

the U.S. There still remains, however, very limifrlished data on the performance of this tectgylo
when it is applied to commercial kitchen ventilat®ystems. That said, the authors believe the
technology has a legitimate role in mitigating geedbbading in ductwork and reducing its release the
environment. But it is not a panacea for total gee@nd odor control. Most manufacturers acknowledge
that a UV light system is not going to completadynove smoke or odors. The industry needs a test
protocol for evaluating the performance of UV sgste Until such timelJJV technology, along with
competing (or complementary) technologies sucHexdrestatic precipitators (ESP), catalysts, water-
based scrubbers, high efficiency HEPA filters, antivated charcoal/potassium permanganate modules
must be critically evaluated by FCSI members ag fan experience from projects where they have
specified these emerging technologies.



5. Strengthening Language and Incorporating Performane within Hood Specifications

Construction Specifications Institute (CSI) pubtisiviasterFormat™, which is a list of standardized
numbers and titles for organizing construction bidcand contract requirements, specifications, drgw
notes, cost data, and building operations by weskilts. Most architects and engineers use thissy®
develop project specifications.

The 1995 edition of MasterFormat included comméidtahen hoods in Section 15870, under the design
supervision of the mechanical engineer. Howevanyprojects in the past (and present) included
commercial kitchen exhaust hoods in Division 11yigment, under Section 11400, Foodservice
Equipment. The foodservice consultant includedetkteaust hoods in the equipment schedule and
described other requirements under the Product®pdre Section and thus had direct control over
specifying the hoods. If compensating hoods (eods with integrated makeup air supply) were
required, then the consultant also had some coower how makeup air was introduced. However,
diffuser and grille layout, as well as makeup ampering were in Division 15, Mechanical, and thus
under the design supervision of the mechanicalne®gi In general, from the authors’ past expeggnc
the communication between the foodservice designérthe mechanical engineer was limited to
expected exhaust rates. This level of communicdtas proved insufficient.

MasterFormat was expanded in 2004 from 16 divistor®) divisions due to the increasing complexity

of building systems and productsThe most significant change from the perspedaiviae foodservice
consultant and the mechanical engineer is that @ngied kitchen exhaust hoods are now included in
Division 23, the new home for mechanical systentiigations. Under the new format, commercial
kitchen hood specifications are under Division 8¢tion 38, Ventilation Hoods. Commercial kitchen
hoods are under Paragraph 13 (Level 3), and thafigsefor listed hoods are under SubparagraphntB a
for unlisted hoods (called Standard Commercial ¥étt Hoods in MasterFormat) are under Subparagraph
16. Table 2 shows these numbers and titles.

Since it is our view that coordination in the pastl present is typically poor, more effort will heeded
by the foodservice consultant to assure that corialddtchen ventilation systems (exhaust hoods and
makeup air sources) are designed, specified, iedtaind commissioned properly. If the exhausthoo
specification is in Division 23, some may view thstaking the responsibility (and, incidentalhg t
liability) for hood performance away from the foed@ce consultant. But in the short term, consu#ta
are likely to get the call about the smoke filletttken.

Regardless of whether specifications are structusat the 1995 or 2004 MasterFormat, the foodservi
consultant should take steps to assure that lptéarmance is “built-in”. These steps may include
Increase communications with the mechanical desigbeut diffuser layout, hood selection
criteria, and hood accessories such as side panels.
Insist that language be included in the hood sjpation that all “or equal” submissions
comply with the design exhaust rate and desigicgiegssure.
As the concept of performance specifications matuiéhin the CKV industry [hopefully in
the short term], the consultant will be able touieg that the hood manufacturer provide
documentation for exhaust hood performance tegEmASTM Standard F 1704-05 [ref
ASTM].
Similarly, as more manufacturers apply standardiestimethods to their grease filter
technologies [probably in a longer term], the cdiasu will be able to require that hood or

1 In addition to expanding the number of generalgions, MasterFormat 2004 Edition adopted a sixt@igmbering system in

place of the familiar five-digit system that hagbeised in MasterFormat since the 1978 editioris iflereases the flexibility of

system while maintaining an ordered hierarchy.



exhaust filter suppliers provide documentationxdfaust filter grease removal efficiency

performance per ASTM Standard F 2519-05 [ref ASTM].

Table 2. MasterFormat 2004 Edition Titles and Numiers for Foodservice Equipment, CKV and

HVAC Systems
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Field Testing and Commissioning

A performance evaluation (field test) and the cossioining of the CKV system needs to be
specified within the design. The foodservice cot@sulmust communicate this requirement to
the mechanical engineer, referencing requiremerttsa IMC.

The 2006 Edition of the International Mechanicat€@IMC) requires that a performance test be
conducted on the exhaust and makeup air systera.pEinfiormance test is specified as follows:

507.16 Performance Test. A performance test shall be aardwpon completion and before
final approval of the installation of a ventilatisgstem serving commercial cooking
appliances. The test shall verify the rate of eshairflow required by Section 507.13,
makeup airflow required by Section 508, and prageration as specified in this
chapter. The permit holder shall furnish the nemgstest equipment and devices
required to perform the tests.

507.16.1 Capture and containment test. The permit holddt gbafy capture and
containment performance of the exhaust system. fighistest shall be
conducted with all appliances under the hood ataijpey temperature, with all
sources of outdoor air providing makeup air forltieed operating and with all
sources of recirculated air providing conditionfogthe space in which the
hood is located and operating. Capture and continshall be verified
visually by observing smoke or steam produced byasor simulated
cooking, such as with smoke candles, smoke pufétcs,

Note: The use of typical smoke “bombs” is not renmended because these devices usually
provide a great deal of smoke from a point sousdech is not representative of most cooking
processes.



6. Recommendations (Meeting the CKV Design Challenge)

The challenge faced by the foodservice consultadesigning a commercial kitchen with an effective
exhaust ventilation system is multifaceted. As ttiste paper evolved, the authors realized just how
complex the problem actually is and how there istnaightforward solution (ideally desired by FQ$I
the commissioning of this study). No silver bulbet this one! It will require a comprehensive edigrsl
initiative in parallel with developing clear-cutdamore demanding specifications for ventilating
commercial cooking equipment. The bar can be raisadonly for those FCSI members willing to
commit to the professional development aspect aridaeased level of effort and/or responsibility
within the design of a commercial kitchen ventdatsystem.

The recommended elements of an FCSI strategicabteny with specific best-practice design
enhancements are summarized below:

Deliver this “best practice” guideline (and futmehancements) through a continuing education
track for FCSI members. It is imperative that foadfce consultants develop an understanding of
the issues discussed in the white paper (and faaftecting the ability of an exhaust hood to
function as anticipated). The foodservice constilt@eds to commit to strengthening the
specifications that will help secure an effectiu€\Csystem design.

Develop specification templates and examples tlibstrengthen the exhaust hood system
design as well as help guide the mechanical de€gigh respect to the exhaust system).

Develop specific display cooking ventilation guideks and specifications, emphasizing the
limitations and large exhaust airflows requiredtiopds that are exposed on all four sides.

Encourage better communication with the mechamiggineer. This is not going to happen
automatically, given the current A&E design hiehgrcThe foodservice consultant may need to
take the initiative, which at a minimum will invaweviewing the mechanical design before the
project goes out to bid. The focus of this revidwidd be on how the mechanical engineer has
chosen to deliver the makeup air into the kitchgace and the types of diffusers specified. The
specified hood manufacturer can often be the “lefidgetween the two professions.

Review the mechanical drawings. Anticipate the [gols that may occur during the design.
Strive to influence the mechanical design when epgaroblems are recognized. Although the
design of the replacement air system is not, aolaily never will be, the responsibility of the
foodservice consultant, there must be an incremdleénce on this side of the equation (or at
least shared responsibility for system performaritie¢ concept of the foodservice consultant
compiling a preliminary air balance schedule fa @KV system should be explored.

The food service consultant should consider spiegjftor at least recommending) the local
makeup air distribution strategy and amount obajplied (relative to the amount of air being
exhausted). This is done when a compensating haodiitegrated makeup air plenum) is
specified on the job. But when an exhaust-only hisapecified, responsibility for the makeup
air side of the equation passes onto the mechagncmheer. Since the foodservice consultant is
determining where and how the air is being remdvaah the kitchen, the delivery of makeup air
should become part of the “below the ceiling” dasigven though the mechanical engineer is
signing off on the air balance schedule).

Utilize hood manufacturers’ software or calculaidar selecting an appropriate design value for
a given project. Do not base the design exhaustorathe UL “cfm” listing for a given hood.



Hold “spec” on the design exhaust “cfm” — it shoaolat be negotiable within the competitive bid
and the evaluation of alternative ventilation sysf@oposals based on a lower UL listed ‘cfm’
value. The hood design static pressure specifitaimuld also be maintained.

Eliminate the specification of short-circuit hocdpossibly as far as taking an FCSI official
position against this hood/makeup air combination.

Specify performance and secure a guarantee (fremaghtilation system manufacturer,
mechanical engineer, installing contractor, anélnvolved) for the performance of the CKV
system. Within this context, air balancing of alhaust and makeup air, and performance testing
of CKV systems must be included in all jobs, as¢hactions are required by most codes, and it
“closes the loop” to ensure that all aspects ofstrstem are functioning as designed.

Collaborate on a research project that would ingast the performance of island-canopy hood
configurations under representative display cookimgllenges. The scope of this project could
extend to testing of “ventilated ceilings.” The laarts believe that this type of project could
receive industry support from ASHRAE and/or enautlities and agencies. This initiative
would be considered medium term, but would ultinyaémhance the educational track and
provide a stronger technical foundation for thepldig cooking ventilation guideline.
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Example Specification Language for Improving Ho@fBrmance

Exhibit 1: Specification Language to Improve ExhausHood Performance

Examples of language to improve exhaust hood pedaoce are included for Sections
11400, 15870 (1995 MasterFormat), and 233800 (R0&=terFormat).

General Notes:

1. Exhaust hoods should be included either in Divisiér(23 for 2004

MasterFormat) or in Division 11, but not in both fbe same project.
MasterFormat shows exhaust hoods in the Mechabiwaion (15 or 23), but
trade practice frequently includes exhaust hoodeerEquipment Division (11).

. We recommend using specification templates pukdighyenationally recognized

A/E/C organizations. The user notes provided witse templates make
coordination among specification sections easier.

THIS EXHIBIT IS NOT INTENDED TO BE A COMPLETE SPEEICATION. THE
SUGGESTED LANGUAGE SHOULD BE ADAPTED AS APPROPRIAHOR USE
IN PROJECT SPECIFICATIONS.

SECTION 11400 — FOOD SERVICE EQUIPMENT

PART 1 - GENERAL

11

12

13

RELATED DOCUMENTS

SUMMARY

[Include a statement that lists the equipment cabein this section, including
commercial kitchen hoods.]

DEFINITIONS

Listed Hood: A hood, factory fabricated and tedtmdcompliance with UL 710 by a
testing agency acceptable to authorities haviriggiation.

Standard Hood: A hood, usually field fabricatethatt complies with design,
construction, and performance criteria of applieaidtional and local codes.

Type | Hood: A hood designed for grease exhauysigtions.

Type Il Hood: A hood designed for heat and steamaval and for other non-grease
applications.
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SUBMITTALS
Product Data: For the following:

Standard hoods.

Filters/baffles.

Fire-suppression systems.

Lighting fixtures inside or attached to exhaustd®mo

Pwnhpe

Shop DrawingsiList details that are required on the shop drawinjems to consider
are the following.]

1. Shop Drawing Scale.

2. Plan view, elevation view, sections, roughing-inmdnsions, service
requirements, duct connection sizes, and attactamermther work.

3. Cooking appliances plan and elevation to confirrmimum code-required
overhang.

4, Indicate performance, exhaust and makeup air wirfemd pressure loss at actual
Project site elevation.

Coordination Drawings[Coordination drawings are as important as shopwihgs.
Require these to avoid “field-engineered changkat tay adversely influence hood
performance. Coordination drawings should inclueféected ceiling plans that show
the following items. This will require input fromtteer designers and installers of the
items involved.]

Coordination Drawing Scaléshould be the same scale as the shop drawings].
Suspended ceiling assembly components.

Structural members to which equipment will be dteat

Roof framing and support members for duct peneinati

Items penetrating finished ceiling, including tieddwing:

agrwbE

Lighting fixtures.

Air outlets and inlets.

Speakers.

Sprinklers.

Access panels.

Moldings on hoods and accessory equipment.
[others as needed].

@rooo0op

Performance Tests or Engineering Calculatig@sinsider requiring the manufacturer
to submit capture and containment test data ifdixsign is very complex or will be
replicated many times without additional enginegnisview. Bear in mind that these
tests are expensive and need to be setup usin@aggs that will be included in the
design. This may be too expensive for a given ptojdowever, many manufacturers
have engineering software that will provide satisfay exhaust rates based on their
hood characteristics. Details of these calculatisimsuld be requested to establish the
basis of design.]

1. Exhaust hood performance tests in accordance WhiNMAF1704-05<OR>

2. Engineering calculations in accordance with martufac’s design process.

COMMERCIAL KITCHEN HOODS
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1.6
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E.

Field quality-control test reports.

QUALITY ASSURANCE
Standards

1. American Society for Testing and Materials: ASTMar8tard F 1704-05.
Standard Test Method for Capture and ContainmeribPeance of Commercial
Kitchen Ventilation Systems.

2. American Society for Testing and Materials: ASTMargtard F 2519-05.
Standard Test Method for Grease Particle Captufeidéfcy of Commercial
Kitchen Filters and Extractors.

3. American Society for Testing and Materials: ASTMar@tard F XXXX-XX.
Standard Test Method for [appliance]

Engineering ResponsibilityState who is responsible for preparing shop drgwiand
a comprehensive engineering analysis. Alternativetude the manufacturer or a
qualified professional engineer.]

Pre-installation Conferencdif a project has a complex kitchen design, conside
requiring a conference at the Project site to @sappropriate coordination among the
construction and design team members.]

Commercial Kitchen Ventilation System Commissioningf a Commissioning
Authority will be part of the Design/Constructionedm, reference Section 01810
(MasterFormat 1995] or 01 91 00 [MasterFormat40@ommissioning, for the
administrative and procedural requirements for c@ssimning selected systems.
Coordinate with the Architect and Commissioning Harity to include kitchen
appliances, kitchen related refrigeration, andkitehen ventilation system as part of
the commissioned systems in the building. Thishés best approach for assuring a
guarantee that hood systems in particular will fiamcin accordance with the design
intent. The food service consultant should obtegpies of the Commissioning
Authority's reports, especially the final sign-afbcument that states that the kitchen
systems are operating per the design intent.]

SUBSTITUTIONS

Substitutions will not be accepted based on tHevdhg: [Exhaust flow rates are a key
factor in capture and containment performance dfagst hoods. Assuming that a
sufficient engineering analysis has been providgdtHe design team, requests for
substitution should not be based on exhaust rates.]

1. Exhaust Hoods: Exhaust rates shall be maintainettheatrates shown on the
contract drawings.

COMMERCIAL KITCHEN HOODS
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1.7 COORDINATION

A. [Require coordination of equipment layout and ilisteon with adjacent Work,

including lighting fixtures, HVAC equipment, plunmg, and fire-suppression system
components.]
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PART 2 - PRODUCTS

21

A

EXHAUST HOODS

Hood Materials

General Hood Fabrication Requirements

1.

End Panels: Fabricate to dimensions shown on ainthawings with same
material and construction quality as hopiche consultant may choose to specify
alternative materials, such as polycarbonate plasttempered glass, for display
cooking applications.]

Type | Exhaust Hood Fabrication

1.

Available ManufacturergList manufacturer names have acceptable prodéicts i
more than one is suitable]

a. [name of manufacturer]

b. [name of manufacturer, etcqOR>

Basis-of-Design Producflf a particular make and model are preferred fram
design viewpoint, state the name and model. lifstrs if they are acceptahile]

a. [name of manufacturer]

b. [name of manufacturer, etc.]

Furnish listed hoods labeled according to UL 71(lgsting agency acceptable

to authorities having jurisdictionOR>

Furnish standard hoods designed, fabricated, astdllied according to NFPA

96.

Hood Style: [Wall-mounted canopy] [Single-islandnopy] [Double-island

canopy] [Back shelf] [Eyebrow] [Pass over].

Hood Configuration: Exhaust [only] [and makeup].aiAs a general design

consideration, to minimize possible draft impacta bood capture and

containment, makeup air (and transfer air) showdiriroduced into spaces
adjacent to the hoods as far away from the hoodsassble and at the lowest
practical velocity. Use one or more of four subgeaphs below if makeup air
supply is integrated into the hood structure. Ifrenthan one hood configuration
is required, use a schedule, preferably on theracndrawings, to list makeup air
arrangements for each hood. Induction makeup add&oor "short-circuit”

hoods, are not recommended and are not includedeirist. Note that short-
circuit hoods are not acceptable to all authoritiaging jurisdiction. The amount
of makeup air introduced through air outlets inéégd into, or close to, the
hoods should not exceed the design amount specbiedhe Mechanical

Engineer. Four-way diffusers should not be usedhim kitchen.]Introduce

makeup air through:

a. Laminar-flow-type, perforated metal diffusers madtin the ceiling in
front of hood canopy. Furnish laminar-flow-type fd#fers with volume-
control dampers.

b. Laminar-flow-type, perforated metal panels on frohhood canopy.

C. Plenum at rear of hood, extending down below appéacooking surfaces.
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d. Metal diffusers at [front] [front and bottom] [both] of canopy through
[perforated diffusers recommended [supply-air registers with adjustable
guide vanes NOT recommended.

7. Filters/Baffles: Describe type and features. Add the statementbeigarding
lab testing if appropriate.]

a. Filters/baffles shall be tested according to ASThan8ard F 2519-05
“Standard Test Method for Grease Particle Captuféciéncy of
Commercial Kitchen Filters and Extractors” by an MRacceptable to
authorities having jurisdictiorfNote that ASTM F 2519-05 was adopted
as consensus test method in 2005 and many manwgeciunay not have
performed these tests yet. Testing in accordantie k519 will provide
comparable performance results, which will allovgigeers and owners to
weigh performance and cost criteria more objectiveéhquire with
manufacturers before adding this test to a spedtidin.]

8. Hood Controls:[If hood controls are specified in Division 15, pide a cross
reference here. If controls are provided with kitehen hoods, describe in this
paragraph where the control cabinet will be locateiting connections with
adjacent hoods, controls and interlocks for exh&arss and makeup air supply
fans, interlocks with fire-suppression system,]etc.

9. Capacities and Characteristi¢s:Project has more than one commercial kitchen
hood configuration, include the following itemsarschedule on the construction
drawings. If retaining below, retain "Basis-of-DgisiProduct” Paragraph at the
beginning of this Article and insert manufacturename and model number
there.]

Nominal Hood Length: <Insert inches (mm).>

Nominal Hood Width: <Insert inches (mm).>

Canopy Height: <Insert inches (mm).>

Exhaust Airflow: <Insert cfm (L/s).>

Exhaust-Air Pressure Loss: <Insert inches wg (kPa)

Makeup Air Airflow: <Insert cfm (L/s).>

Makeup Air Pressure Loss: <Insert inches wg (kPa).

Water-Supply Connection: <Insert NPS (DN).>

Washdown Water Flow: <Insert gpm (L/s).>

Minimum Water Pressure: <Insert psig (kPa).>

Mist Water Flow: <Insert gpm (L/s).>

Sanitary Drain Connection: <Insert NPS (DN).>

AT T S@moo0oTw

D. Type Il Exhaust Hood Fabricatig@onsiderations for improvement of performance for
Type Il hoods are similar to those for Type | hadadit suggested language for Type |
Hood Fabrication for use with Type Il Hoods desedlhere.]
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PART 3 - EXECUTION

3.1

3.2

3.3

3.4

35
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EXAMINATION
INSTALLATION
EXISTING EQUIPMENT

CONNECTIONS

FIELD QUALITY CONTROL [These tests can be performed by the Contracter, th
installing Subcontractor, or a third-party testfirgh. The authority having jurisdiction
may want to witness some or all of these testad@ly the AHJ will witness the fire-
suppression system test). If a Commissioning Autthavill be part of the project
team, the CA will witness all of these tests. Camate wording with requirement for
field quality-control test reports in "Submittalatticle.]

Testing Agency: Qwner will engagd [Engagq a qualified testing agency to perform
tests and inspections and prepare test repeds>

Manufacturer's Field Service: Engage a factorjranited service representative to
inspect, test, and adjust components, assemblidss@uipment installations, including
connections. Report results in writingOR>

Perform tests and inspectiorj§ontractor performs tests with own staff, or irdgu
subparagraph below to require assistance of a rfaetthorized service
representative.]

1. Manufacturer's Field Service: Engage a factorjatited service representative
to inspect components, assemblies, and equipmestallations, including
connections, and to assist in testing.

Functional Performance Tests

1. Test each equipment item for proper operation. aRep replace equipment that
is defective, including units that operate belowuieed capacity or that operate
with excessive noise or vibration.

2. Test and adjust controls and safeties. Replaceagadhand malfunctioning
controls and equipment.

3.  Test water, drain, gas, and liquid-carrying compasicfor leaks. Repair or
replace leaking components.

4. Perform fire-suppression system performance tesgsired by authorities having
jurisdiction.

Exhaust Hood Performance Test. Conduct a perforend@st upon completion and

before final acceptance of the installation of atitation system serving commercial

cooking appliances.

1. Furnish the necessary test equipment and devigeged to perform the tests.

COMMERCIAL KITCHEN HOODS
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2. Verify the rate of exhaust airflow and makeup aisfl required on contract

drawings, and proper operation including contrégiitocks.
F. Exhaust Hood Capture and Containment Test.

1. Perform tests with all appliances under the hoodpatrating temperature, with
all sources of outdoor air providing makeup air thee hood operating and with
all sources of recirculated air providing conditiamn for the space in which the
hood is located and operating.

2. Verify capture and containment visually by obsegvamoke or steam produced
by actual cooking, or simulated cooking, includgigam, smoke candles, smoke
puffers, etc.

G. Training
1. Engage a factory-authorized service representativemin Owner's maintenance

personnel to adjust, operate, and maintain comalekitchen hoods.

END OF SECTION 11400
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SECTION 15870 - COMMERCIAL KITCHEN HOODS [Masterfoat 1995] OR
SECTION 233813 - COMMERCIAL KITCHEN HOODS [Mastenfroat 2004]

PART 1 - GENERAL

11 RELATED DOCUMENTS

1.2 SUMMARY

1.3 DEFINITIONS

A.  Listed Hood: A hood, factory fabricated and tedimdcompliance with UL 710 by a testing
agency acceptable to authorities having jurisdictio

B. Standard Hood: A hood, usually field fabricatddhttcomplies with design, construction, and
performance criteria of applicable national anglandes.

C. Type |l Hood: A hood designed for grease exhausticgiions.
D. Type Il Hood: A hood designed for heat and ste@maval and for other non-grease
applications.
14 SUBMITTALS
A.  Product Data: For the following:
Standard hoods.
Filters/baffles.

Fire-suppression systems.
Lighting fixtures.

PwbhpE

B.  Shop Drawings]List details that are required on the shop drawirlgems to consider are the
following.]

1. Shop Drawing Scale.

2. Plan view, elevation view, sections, roughing-imdnsions, service requirements, duct
connection sizes, and attachments to other work.

3. Cooking appliances plan and elevation to confirmimum code-required overhang.

4. Indicate performance, exhaust and makeup air wirfemd pressure loss at actual Project
site elevation.

C. Coordination DrawingsiCoordination drawings are often as important aspsdrawings.
Require these to avoid “field-engineered changdsit tmay adversely influence hood
performance. Coordination drawings should incluéélected ceiling plans that show the
following items. This will require input from othetdesigners and installers of the items
involved.]
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15

Coordination Drawing Scal¢should be the same scale as the shop drawings].
Suspended ceiling assembly components.

Structural members to which equipment will be dteat

Roof framing and support members for duct penetnati

Items penetrating finished ceiling, including tleddwing:

agrwpE

Lighting fixtures.

Air outlets and inlets.

Speakers.

Sprinklers.

Access panels.

Moldings on hoods and accessory equipment.
[others as needed].

@~pooope

Performance Tests or Engineering Calculatipfsnsider requiring the manufacturer to submit
capture and containment test data if the desigerig complex or will be replicated many times
without additional engineering review. Bear in mithét these tests are expensive and need to
be setup using appliances that will be includethandesign. This may be too expensive for a
given project. However, many manufacturers haveineeging software that will provide
satisfactory exhaust rates based on their hoodactaistics. Details of these calculations
should be requested to establish the basis of l¢sig

1. Exhaust hood performance tests in accordance WBHiM\F1704-05<OR>

2. Engineering calculations in accordance with martufac’s design process.

Field quality-control test reports.

QUALITY ASSURANCE
Standards

1.  American Society for Testing and Materials: ASTMu&tard F 1704-05. Standard Test
Method for Capture and Containment Performance amh@ercial Kitchen Ventilation
Systems.

2. American Society for Testing and Materials: ASTMu&tard F 2519-05. Standard Test
Method for Grease Particle Capture Efficiency ofm@eercial Kitchen Filters and
Extractors.

Engineering ResponsibilityfState who is responsible for preparing shop drgwiand a
comprehensive engineering analysis. Alternativedudre the manufacturer or a qualified
professional engineer.]

Pre-installation Conferencélf a project has a complex kitchen design, consigguiring a
conference at the Project site to assure apprepcabrdination among the construction and
design team members.]

Commercial Kitchen Ventilation System Commissionifi§a Commissioning Authority will
be part of the Design/Construction Team, referéeetion 01810 (MasterFormat 1995] or 01
91 00 [MasterFormat 2004], Commissioning, for thdmaistrative and procedural
requirements for commissioning selected systemsoordinate with the Architect and
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1.6

1.7

Commissioning Authority to include kitchen appliasc kitchen related refrigeration, and the
kitchen ventilation system as part of the commissibsystems in the building. This is the best
approach for assuring a guarantee that hood systeparticular will function in accordance
with the design intent. The food service constlould obtain copies of the Commissioning
Authority's reports, especially the final sign-aicument that states that the kitchen systems
are operating per the design intent.]

SUBSTITUTIONS

Substitutions will not be accepted based on thieviohg: [Exhaust flow rates are a key factor

in capture and containment performance of exhawstdfi Assuming that a sufficient

engineering analysis has been provided by the désam, requests for substitution should not

be based on exhaust rates.]

1. Exhaust Hoods: Exhaust rates shall be maintainethearates shown on the contract
drawings.

COORDINATION

[Require coordination of equipment layout and iligten with adjacent Work, including
lighting fixtures, HVAC equipment, plumbing, andefisuppression system components.]

PART 2 - PRODUCTS

2.1

2.2

2.3

HOOD MATERIALS

GENERAL HOOD FABRICATION REQUIREMENTS
End Panels: Fabricate to dimensions shown on aintteawings with same material and

construction quality as hoofiThe consultant may choose to specify alternatiatenmals, such
as polycarbonate plastic or tempered glass, f@laliscooking applications.]

TYPE | EXHAUST HOOD FABRICATION

[The two paragraphs below are alternatives. Mgé$taragraph B, coordinate with Paragraph H below.]

A.  Available Manufacturerdlist manufacturer names have acceptable prod@ict®ie than one
is suitable]
1. [name of manufacturer]
2. [name of manufacturer, etc.]
B. Basis-of-Design Productflf a particular make and model are preferred framdesign
viewpoint, state the name and model. List othetisaf are acceptable]
FCSI — CKV White Paper — 09/22/06 COMMERCIAL KITCHEN HOODS
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1. [name of manufacturer]
2. [name of manufacturer, etc.]

[The two paragraphs below are alternatives.]
3. Furnish listed hoods labeled according to UL 710abyesting agency acceptable to
authorities having jurisdictionOR>
4. Furnish standard hoods designed, fabricated, atdlied according to NFPA 96.

C. Hood Style: [Wall-mounted canopy] [Single-islandnopy] [Double-island canopy] [Back
shelf] [Eyebrow] [Pass over].

D. Hood Configuration: Exhaust [only] [and makeup.diAs a general design consideration, to
minimize possible draft impacts on hood capture @mttainment, makeup air (and transfer air)
should be introduced into spaces adjacent to tieedas far away from the hoods as feasible
and at the lowest practical velocity. Use one oravaf four subparagraphs below if makeup air
supply is integrated into the hood structure. Ifenthan one hood configuration is required, use
a schedule, preferably on the contract drawing$istanakeup air arrangements for each hood.
Induction makeup air hoods, or "short-circuit" hepdire not recommended and are not
included in the list. Note that short-circuit hoogl® not acceptable to all authorities having
jurisdiction. The amount of makeup air introduchtbtigh air outlets integrated into, or close
to, the hoods should not exceed the design ampeuctfied by the Mechanical Engineer. Four-
way diffusers should not be used in the kitchémtioduce makeup air through:

1. Laminar-flow-type, perforated metal diffusers madtin the ceiling in front of hood
canopy. Furnish laminar-flow-type diffusers witblwme-control dampers.

2. Laminar-flow-type, perforated metal panels on frohhood canopy.

3. Plenum at rear of hood, extending down below appéacooking surfaces.

4 Metal diffusers at [front] [front and bottom] [both] of canopy through [perforated
diffusers -recommended [supply-air registers with adjustable guide vare®OT
recommended.

E. Filters/Baffles:[Describe type and features. Add the statementwbedmarding lab testing if
appropriate.]

1. Filters/baffles shall be tested according to ASThMn8ard F 2519-05 “Standard Test
Method for Grease Particle Capture Efficiency ofm@eercial Kitchen Filters and
Extractors” by an NRTL acceptable to authoritiesihg jurisdiction.[Note that ASTM F
2519-05 was adopted as consensus test method fna2@0many manufacturers may not
have performed these tests yet. Testing in accoedamith F 2519 will provide
comparable performance results, which will allowsigeers and owners to weigh
performance and cost criteria more objectivelyuirgjwith manufacturers before adding
this test to a specification.]

F. Hood Controls{If hood controls are specified in Division 15, pite a cross reference here. If
controls are provided with the kitchen hoods, dbscin this paragraph where the control
cabinet will be located, wiring connections withjaamént hoods, controls and interlocks for
exhaust fans and makeup air supply fans, interlad#tsfire-suppression system, etc.]

G. Capacities and Characteristid$: the Project has more than one commercial kitcteod
configuration, include the following items in a sclule on the construction drawings.
Coordinate with the "Basis-of-Design Product” Paaph at the beginning of this Article and
insert manufacturer's name and model number there.]
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Nominal Hood Length: <Insert inches (mm).>
Nominal Hood Width: <Insert inches (mm).>
Canopy Height: <Insert inches (mm).>

Exhaust Airflow: <Insert cfm (L/s).>

Exhaust-Air Pressure Loss: <Insert inches wg (kPa)
Makeup Air Airflow: <Insert cfm (L/s).>

Makeup Air Pressure Loss: <Insert inches wg (kPa).
Water-Supply Connection: <Insert NPS (DN).>
Washdown Water Flow: <Insert gpm (L/s).>

10. Minimum Water Pressure: <Insert psig (kPa).>

11. Mist Water Flow: <Insert gpm (L/s).>

12. Sanitary Drain Connection: <Insert NPS (DN).>

©CoNooU~ONE

2.4 TYPE Il EXHAUST HOOD FABRICATION

[Considerations for improvement of performanceTygpe Il hoods are similar to those for Type | haods
Edit suggested language for Type | Hood Fabricdtiomse with Type 1l Hoods described here.]

PART 3 - EXECUTION

3.1 EXAMINATION

3.2 INSTALLATION

3.3 CONNECTIONS

3.4 FIELD QUALITY CONTROL [These tests can be performed by the Contracteringtalling
Subcontractor, or a third-party testing firm. Taethority having jurisdiction may want to
withess some or all of these tests (typically tieJAwill witness the fire-suppression system
test). If a Commissioning Authority will be part the project team, the CA will witness all of
these tests. Coordinate wording with requirement ffeld quality-control test reports in
"Submittals” Article.]

A.  Testing Agency: Qwner will engagd [Engagéd a qualified testing agency to perform tests and
inspections and prepare test repor&R>

B.  Manufacturer's Field Service: Engage a factoryiaized service representative to inspect,
test, and adjust components, assemblies, and egotpimstallations, including connections.
Report results in writing<OR>

C. Perform tests and inspectionfContractor performs tests with own staff, or imigu
subparagraph below to require assistance of arfaatgthorized service representative.]

1. Manufacturer's Field Service: Engage a factoryratited service representative to
inspect components, assemblies, and equipmentlatistias, including connections, and
to assist in testing.
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D.

3.5

Tests and Inspections:

1.

Functional Performance Tests

a.

Test each equipment item for proper operation. aRep replace equipment that is
defective, including units that operate below regglicapacity or that operate with
excessive noise or vibration.

Test and adjust controls and safeties. Replaceadatgh and malfunctioning

controls and equipment.

Test water, drain, gas, and liquid-carrying compaséor leaks. Repair or replace
leaking components.

Perform fire-suppression system performance testgired by authorities having
jurisdiction.

Exhaust Hood Performance Test. Conduct a perforenaest upon completion and
before final acceptance of the installation of atilation system serving commercial
cooking appliances.

a.

b.

C.

Furnish the necessary test equipment and devigegee to perform the tests.

Verify the rate of exhaust airflow and makeup airfl required on contract
drawings, and proper operation including contrédiitocks.

Perform other hood performance tests required Hyoaities having jurisdiction.

Exhaust Hood Capture and Containment Test.

a.

Test shall with all appliances under the hood arafing temperature, with all
sources of outdoor air providing makeup air for tlwod operating and with all
sources of recirculated air providing conditionfiog the space in which the hood
is located and operating.

Verify capture and containment visually by obsegwdmoke or steam produced by
actual or simulated cooking, such as with smokellesn smoke puffers, etc.

Prepare test and inspection reports.

TRAINING

Engage a factory-authorized service representadivieain Owner's maintenance personnel to
adjust, operate, and maintain commercial kitchesdso

END OF SECTION 15870 [or 233813]
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