Fundamentals of Kitchen
Ventilation System Design

Hood Selection & Sizing



The “Heart” of Restaurant HVAC
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More than 3 Billion CFM...

...exhausted from
Commercial Kitchens inthe
U.S. and Canada
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...dominated by single-speed systems!




Why care?




Makeup Air Heating & Cooling




CKV Design: Just not that easy!
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There is no piece of equipment in the commercial kitchen
that generates more controversy that the exhaust hood!




The plan view...
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The elevation
VIEW...




ASHRAE RP-1469 — Thermal

Comfort in Commercial Kitchens
Final Report 01.06.12




Average of Operative Temperature for Kitchen Type and
Kitchen Zones with 95% confidence interval (100 kitchens)
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Note: “c” is Cooking, “p” is Preparation, and “d” is Dishwashing zone.



Suggested Thermal Comfort Zone
for Commercial Kitchens
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Appliance diversity!
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Big hoods!




Small hoods!




. or not enough hood!




...0r not
enough
overhang!




...or more hood than unnecessary!




..0or no hood!




...or a fake hood!




...or 1t’s not big enough!




...and
sometimes
there’s just too
much
equipment!




or...why bother with the fan?




... or makeup air!




...Just use the back door!




But no
4-way
diffusers
In kitchen!




Good intentions!




Good design!
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McDonald’s set an industry standard ...



Redesigned for Clamshell Grill
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So how much.......




.......1s too much?




...depends on
Appliance Category and Usage




Wall-Canopy Hood: Capture & Containment

Broiler Range Griddle Oven Fryer
Source: EPRI
Note: CFM data is for 5 ft. wall canopy hood with minimum 6 inch overhang.



Depends on Hood Style & Design

BACK SHELF PASS-OVER

WALL-MOUNTED CANOPY

DOUBLE-ISLAND CANOPY EYEBROW

SINGLE-ISLAND CANOPY



ASHRAE HVAC Applications Handbook
Chapter 31 on Kitchen Ventilation

2003
- ASHRAE HANDBOOK

~ HVAC Applications
I-P Editiqn |

- Supported by ASHRAE Research

Cooking effluent
Exhaust hoods
Exhaust systems

Replacement (makeup) air
systems

Systems integration and
balancing

Energy considerations

Fire protection

Operations & maintenance
Residential kitchen ventilation



-STC Guide:
—ocused on

Hood Selection
& Sizing

Download at:

Design Guide 1

Improving Commercial Kitchen Ventilation System Performance

Exhaust Hood Selection & Sizing

This design guide provides information
that will help achieve optimum perform-
ance and energy efficiency in commer-
cial kitchen ventilation systems by prop-
erly selecting and sizing exhaust hoods.
The information presented is applicable
to new construction and, in many in-
stances, retrofit construction. The audi-
ence for this guideline is kitchen de-
signers, mechanical engineers, code
officials, food service operators, prop-
erty managers, and maintenance peo-
ple. This guide is intended to augment
comprehensive design information pub-
lished in the Kitchen Ventilation Chapter
in the ASHRAE Handbook on HVAC
Applications as well as Design Guide
No. 2: Improving Commercial Kitchen

erformance — Op g
Makeup Air (previously published by the
California Energy Commission under
the title Improving Commercial Kitchen
Ventilation Performance).

Fundamentals of Kitchen Exhaust

king Factor 1

The Makeup Air Factor
The Design Proc

QSR Design Example

Casual Dining Example

Fundamentals of Kitchen Exhaust

Hot air rises! An exhaust fan in the ceiling could remove much of the
heat produced by cooking equipment. But mix in smoke, volatile organic
compounds, grease particles and vapor from cooking, and a means to capture
and contain the effluent becomes necessary to avoid health and fire hazards.
While an exhaust hood serves that purpose, the key question becomes: what is
the appropriate exhaust rate? The answer always depends on the type (and use)
of the cooking equipment under the hood, the style and geometry of the hood
itself, and how the makeup air (conditioned or otherwise) is introduced into the

kitchen.

The Cooking Factor

Cooking appliances are categorized as light-, medium-, heavy-, and extra
heavy-duty, depending on the strength of the thermal plume and the quantity of
grease and smoke produced. The strength of the thermal plume is a major factor
in determining the exhaust rate. By their nature, these thermal plumes are turbu-
lent and different cooking processes have different “surge” characteristics. For
example, the plume from hamburger cooking is strongest when flipping the
burgers. Ovens and pressure fryers may have very little plume until they are
opened to remove food product. Open flame, non-thermostatically controlled
appliances, such as underfired broilers and open top ranges, exhibit strong steady

plumes. Thermostatically controlled appliances, such as griddles and fryers have

weaker plumes that fluctuate in sequence with thermostat cycling (particularly
gas-fired equipment). As the plume rises by natural convection, it is captured by
the hood and removed by the suction of the exhaust fan. Air in the proximity of
the appliances and hood moves in to replace it. This replacement air, which must

originate as outside air, is referred to as makeup air.

s that create smoke

Building codes distinguish between cooking proce
and grease (e.g,, frying, griddling, or charbroiling) and those that produce only

heat and moisture (e.g., dishwashing and some baking and steaming operations).

http.//fishnick.com/ventilation/designguides/




CKV 101:
Focus on Hood Selection & Sizing

1. [Establish position and “duty” classifications of
appliances.

2. Select hood type and style.

3. Specify exhaust airflow rate (and select fan per
system pressure drop).

4. Select and size makeup air system(s).
5. Commission and field test.



Wall-Mounted Canopy
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Proximity (Backshelf) Hood
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Example: Canopy vs. Custom Backshelf
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Gas Griddle Under Canopy Gas Griddle Under Backshelf



Mix-and-Match?
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Double-Island Canopy
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Double-Island Canopy

oM 2 s

or
30"
!

UL Listed
Light Fixture
gLﬁ(%laé_lified al 78"
affle Filters AFF
Remgvable |
Greasg Cup
Q o







Single-lIsland Canopy

Light Fixture
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Difference today?
Display cooking
with heavy duty

equipment!




Problem 1:

Hood footprint typically is minimized to reduce cost,
compromising hood overhang.

Just not big enough!



Problem 2:

Single-island canopy hoods exposed on four sides are
extremely vulnerable to cross drafts and/or

unbalanced makeup air supply within the kitchen.

In need of a back wall...



Problem 3:

Design air flow rates for single-island
hoods are often based on “UL listed “cfm/ft
criteria (that are too low to start with)
applied only to one side of the hood!

(e.g., 10 ft x 400 cfm/ft = 4000 cfm).

Note: Airflow rates for double-sided
canopy hoods are calculated based on a

cfm/ft criteria applied to both sides (similar %=

to back to back wall canopies)
(e.g., 10 ft. x 2 x 400 cfm/ft = 8000 cfm)

78" Baffle Filters
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This 1sland style looks ok.....
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...until the broiler 1s turned on!




What Is missing?




What needs to go?




Best Practice:

If possible, specify a wall-mounted canopy hood
over a single-island hood!

If a single island canopy hood must be specified:

\ ¢ ¥  Select a V-bank filter layout rather than a rear filter

(2)21" 4; V |ayOUt
i €0 « Maximize front, rear and side overhang

LLlstedJ . ] o )
E.ghLFL.x:re \  Design replacement air to minimize turbulence near
IOﬂ' the hood with balanced supply to all sides of the

» “Caution!
Grease Cup ] h OOd .
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No-4-Way Di
Near Hood!




Overhang with low velocity MUA is King!

10 ft x 6 ft 10ftx 4

3200 cfm VS. 7400 cfm



...exhaust rate also depends on
Hood Classification

Listed
or
Unlisted



