Design Practice

Introduction

It is still quite common practice to estimate exhaust
air flow rates based on rough methods. The
characteristic feature of these methods is that the
actual heat gain of the kitchen appliance is neglected.
Thus, the exhaust air flow rate is the same: even
when a heavy load like a wok or a light load like a
pressure cooker is under the hood. These kinds of
rough estimation methods do not produce optimal
solutions; the size of the whole system will be
oversized and so the investment costs and running Picture 24.
costs will increase.
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Phase1: Background information of the kitchen

available:

e | ayout, type and the dimensions of the kitchen. The kitchen is a central kitchen and its layout and

¢ Type and properties of the cooking equipment dimensions are presented in figure 29.
(sizes, source of energy, input power...).

¢ Target level for the IAQ and ventilation system e Dimensions of cooking area 11x8.3 - 91m?2, 3m high
performance. e five people working in the kitchen

e Temperature design conditions 23°C - Relative
humidity 65% The kitchen is open seven days a week and fourteen

* Total design approach to consider both IAQ and hours a day. Simultaneous coefficient: 0.7

energy efficiency factors ( air distribution system
chosen).
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Figure 29. Kitchen lay-out
Phase 2: Kitchen equipment definition

Item Qty Description Dimensions Elec. kW Gas kW
1 1 Kettle steamer 1200x800x900 18
2 1 Table 500x800x900
3 1 Kettle steamer 1000x800x900 15
4 1 Kettle steamer 900x800x900 14
5 1 Braising Pan 1400x900x900 18
6 1 Braising Pan 1000x900x900 15
7 1 Braising Pan 1200x900x900 18
8 1 Braising Pan 1300x900x900 15
9 1 Table 1000x800x900
10 1 Braising Pan 1300x900x900 18
1" 1 Range (4 elements) 800x900x900 16
12 1 Table 1000x800x900
13 2 Fryer 400x800x900 15
14 1 Table 800x800x900
15 3 Convection (double stack) 100x900x1700 17

Table 9. Cooking equipment data-base
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Calculation with traditional methods for traditional
hood (KVX type)

One of the rules for canopy hoods is to exhaust
between 0.2 of hood face for light duty (boiler, bain
marie..) and 0.5 for heavy load ( broiler, bratt pan..).

Equation 1 is to calculate the exhaust airflow rate to
determine the volume of air to be extracted:

O=V-3600-P-H (1)

Where :

V = capture velocity, m/s

P = Perimeter of hood, m

H= distance of hood to emitting surface, m

This method does not really take into account the
characteristics of the appliances. For example, the
actual heat load (more exactly the convection share of
the sensible load) is neglected.

Block I: 4200 x 2250 x 555
Island type hood:
Q = 0.323600°(4.2+2.25+4.2+2.25)e1.1 = 15 325 m?/h

Block II: 4200 x 2350 x 555
Island type hood:
Q = 0.393600¢(4.2+2.35+4.2+2.35)¢1.1 = 15 563 m%h

Block I1I: 4400 x 1350 x 555
Wall type hood:
Q = 0.25¢3600¢(4.4+1.35+1.35)®1.1 = 7029 m®h

Total exhaust : 37 917 mé/h

Heat load based design methods

The most accurate method to calculate the hood
exhaust air flow is a heat load based design. This
method is based on detailed information of the
cooking appliances installed under the hood including
type of appliance, its dimensions, height of the
cooking surface, source of energy and nameplate
input power.

It should be mentioned that with the hood it is
possible to extract only the convection load of the
appliances while the remaining radiant load is always
discharged in the kitchen.
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The amount of air carried in a convective plume over a
cooking appliance at a certain height can be calculated
using Equation 1 page 31

conv 3 r

q,=k-(z+17D)3-Q, 'K i

Kitchen hoods are designed to capture the convective
portion of heat emitted by cooking appliances; thus
the hood exhaust airflow should be equal to or higher
than the airflow in the convective plume generated by
the appliance. The total of this exhaust depends on
the hood efficiency.

qex = qp ’ Khoadeff ’ Kads (2)
Where
Kiooser  — Kitchen hood efficiency.

K .. — spillage coefficient taking into account the

effect of the air distribution system.

The recommended values for K__ (VDI 1999) are listed
in the table 7 page 38. Based on this table the
requested exhaust airflow with wall-mounted supply
(K, =1.25) is 19 % higher than with low velocity.

Since it is rare that all the equipment is simultaneously
operating in the kitchen, the heat gain from cooking
appliances is multiplied by the reduction factor called
the simultaneous coefficient (¢). Normally, the
simultaneous factor is from 0.5 — 0.8. This means that
only 50 — 80 % of the appliances are used at the
same time.

Block I:

A kitchen extraction hood measuring 4200 mm x 2250
mm X 555mm is mounted 2 m above the floor. The
installation height of the hood is then 1.1m above the
appliances.
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[tem1: Kettle steamer

W | =

conv r

q, =k-(z+1.7Dh)§ 0. 3K

D,, — hydraulic diameter, m

2[1.2¢0.8]
D ——a=tbl g
"= 12408 09%m

Q =P Qs.b.oinW

conv™

Q =18.200.0.7.0.7 =1764 w LxW

conv
1

5 -
q, =18-(1.1+1.7[0.96] ) -[1764]*= 1160 m?/h

ltem5: Braising Pan

,=k-G+1LID,% 0,7 K

I

[tem2: table: No thermic flow

D, — hydraulic diameter, m
ltem3: Kettle steamer

5 1 _ 201.420.9] _
,=k-+1.7D,) 0,3 K, D, = ~lrasog = M09 M
— Q=P Qs.b.einW
D,, — hydraulic diameter, m QO 8 AED 5 617 — B
= orog - 0% g, =18-(.1+1.7[1.095 ) - 2835 ] =1557 m¢/h

ltem6: Braising Pan
Q_ =P Qs.b.ginW

COﬂV

_ s 1
Q. =15.200.0.7.0.7 =1470w g, =k-G+1.7D, ) Q.. K,

1
=18-(1.1 +1.7[0.96])2- [1470]5 - I = 1013 m¥h
% ( AT " D, — hydraulic diameter, m

[tem4: Kettle steamer 2[(10.9]
%= is0g D 097m

7 Q =P Qs.b.oinW

conv

Q_=15.450.05.0.7 =2362 w

conv

5

2 :k(Z+17Dh); .Qconv% K

D,, — hydraulic diameter, m
1

5 -
2[0.990.8] g, =18-(1.1+1.7[0.947])s -[2362]° -1 = 1263m%h
D, = m =0.847 m
ltem7: Braising Pan

Q,=PQsb.ginW ,=k-+1.7D, ) - va
Qoon= 14.80.0.5. 0.7 =392 w Dh — hydraulic diameter, m

2[1.2¢0.9]

5 > D, =252 _1028m

g, =18-(1.1+1.7[0.847])s -[392]° - 1=623 mh "T [12+0.9]

Q =P Qs.b.einW

Q. =18.450.0.5.0.7 =2835w

conv

1

5 -
_1g. ;. 1 = 1460 m¥%h
L =18-(1.1+1.7[1.028])s -[2835]° -1 m
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SUMMARY BLOCK |

ltem Qty Description Dimensions d, (m) o (W) Net exhaust (m¥h)
1 1 Kettle steamer 1200x800x900 0,96 1764 1160
2 1 Table 500x800x900
3 1 Kettle steamer 1000x800x900 0,88 1470 1013
4 1 Kettle steamer 900x800x900 0,847 392 623
5 1 Braising Pan 1400x900x900 1,018 2835 1557
6 1 Braising Pan 1000x900x900 0,947 2362 1263
7 1 Braising Pan 1200x900x900 1,028 2835 1460
TOTAL 7076

Exhaust air flow for block | :

Hood exhaust air flow should be equal to or higher
than the air flow in the convective plume generated by
the appliance. The total of this exhaust depends on
the hood efficiency.

q ex = qp ’ Khoodcf/)"' ’ Kads : Kopt + Gint

K., =105

ad
Kot = 12— Optimisation of the equipment under

[¢]

the hood (In island position always 1.2).
g, = 7076 m3/h

q,, = [7076°1#1.05]¢1.2+605 = 9610 m%h

Block Il:

A kitchen extraction hood measuring 4200 mm x 2350
mm x 555mm is mounted 2 m above the floor. The
installation height of the hood is then 1.1m above the
appliances.

Same calculation procedure as above

Gex = qp ’ Khoadc{ff ’ Kads + Gint

q,, = 7613 mh

Block I11:

A kitchen extraction hood measuring 4400 mm x 1350
mm x 555 mm is mounted 2 m above the floor. The
installation height of the hood is then 1.1m above the
appliances.

Same calculation procedure as above

9ex = qp ’ Khoadeﬁ" ’ Kads + Gint
q,. = 1867 m%h

Design Guidelines

45

Comparison of Exhaust Air flow Rates
Using a heat load based design method gives more
accurate and optimized air flow rates than traditional

rules.
Description Air flow based on Heat load based
face velocity m®h Design m%h
Block | 15 325 9610
Block Il 15 563 7613
Block Il 7029 1867
Total 37 917 19 070
Table 10.

HALTON solution is the recipe for a healthy &
productive kitchen environment

The Heat Load based design gives an accurate
method of the calculating hood exhaust air flow as a
function of the cooking appliance’s shape, installation
and input power, and it also takes into account the
hood efficiency. The only disadvantage of this method
is that it is cumbersome and time-consuming if

manual calculations are used.

Hood Engineering Layout Program, Halton HELP is
specially designed for commercial kitchen ventilation
and turns the cumbersome calculation of the heat load
based design into a quick and easy process. It
contains the updateable database of cooking
appliances as well as Halton Capture Jet™ hoods with
enought information to be able to use Equations 1 and
2 to accurately to calculate the hood exhaust air flow.
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Phase 3-4: Kitchen hood design

Intelligent Design Selection by using the HALTON
HELP Software

First of all, Halton had to calculate the air flow
precisely and then measure rates and adjust them
above each appliance. This allows the minimal air flow
that will enable the kitchen to work correctly when
using a KVF hood with Capture Jet™ technology to be
determined. Indeed, by introducing air at the front
leading edge of the hood, at high velocity (>4m/s), it
creates a "Venturi effect “ , leading the air directly
towards the filters, without increasing the exhaust air
flow. Compared with a traditional system of hoods,
the Capture Jet™ system allows an exhaust flow up
to 30 % lower, by only having 5-10% of net exhaust.

jalton HELP - Room properties i x|

 GENERAL
Mame: KITCHEM]

~RECTANGULAR ROOM

~FLOOR SHAPE

5 Rectangle Length 11.0 i
€ Polyfine Width a3 o
Height: 30 m

sy
Hiea 913 m2

—AIR DISTRIBUTION SYSTEM
£ Mising. horizontal supply from walls

€ Mising, supply from ceiing

1% Displacement. low velocity supply from cefing

" Displacement. supply diectly into occupied zone

Air conditioning inputs.
APPLIANCE
(Delau\l simubaneous cosfficient 070 |

Figure 30. Halton HELP Data entry

The KVF has been installed over the cooking
equipment, Block | and Block II. These hoods are
classified as Island hoods.
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Figure 31. Halton HELP Kitchen lay-out
The other KVF hoods are installed over the other
cooking equipment and they are against the wall with
three sides open. These hoods are classified as wall
hoods (Block Il1)
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Halton HELP for Windows - version 2002

Halton HELP

Commercial

Kitchen ]
Design

Softwars S

T%\Haltan

We Care for Indoor Air

Halton HELP - Air conditioning inputs x|
~DESIGN COMDITIONS - LIGHTING
i [ C Incandescent
it . dnthe ccoupied D36 [T KW
Masimum supply ai dT: 120 c Near the ceiling: 0 (A7
—OUTDOOR AR Fluorescent: .
S T dnthe ccoupied D36 [ KW
RH I Heat the cailing: 0 Kl
i TRANSFER 4IR -~ SOLAR HEAT
Temperature: 23.0 C Vertical, 05 (33
RH: £5 % Haorizontal: 06 K
& firflow % of hood eshaust ~TRANSFER THROUGH COMSTRUCTION —
 Airflow m3dh Ceiling; 0.2 (33
Aitflows o % walls o kw
- HOOD SUPPLY AR ~ OCCUPANTS
" Unreated Standing light work: 2 people
& A condtioned Heavy wark B peok
Figure 32. Halton HELP Air conditioning inputs
Air conditioning calculation results
'
——
im0z
AR CONDITIONING CALCULATIONS
e vty gty vom peing

Figure 33. HELP print-out
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Energy and Cost Comparison Using the Halton
HEAT Software

Halton HEAT for Windows - version 2002

Halton HEAT

Energy : -
) T
Analysis ) -
Tool '—J s o "
e 3 -

hs.e Haltar

We Care for Indoor Alr

This section shows the energy and cost benefits for
the end-user of utilising the Halton Capture Jet™
hood system versus the competition’s exhaust only
and short circuit hoods. The data entry screen for
Halton HEAT software is shown in figure 34.

alton HEAT - Project description x

~GENERAL ~OPERATING TIME
Hours per day; 14 Days per week: 7

Project: Central Kitchen Yillermaonde
~ENERGY RATE
Author RZ

Electricity: 0.1525 Eurkwh

‘Weather Marseille, FRA hd Gas; 0.0458 Eur/kwh

~ROOM AR —SUPPLY &IR
Cooling Heating Cooling Heating

Temperature: 26.0 200 43 Temperature: 14.0 28.0 1

Relative humidity: =1 G0 % Relative humidity: 95 %
~CAPTURE JET HOOD ~COMPARED HODD -

Hood length: 21.0 m * Exhaust only " Shart circuit

Exhaust airflow: IW 9000 math Exhaust airflow: 26805 mash

Exhaust pressure drop: 120 Pa Exhaust pressure diop: 200 Pa

Capital investment: IT 6345 Eur Capital investment: 10581 Eur
~ APPLIANCE Short circut intemal ai discharge:

Narneplate rating: ]230 ] K Biflaw [ mah

Supply air temperature: 14.0 &
AHU and dustwark... | Cunency B Temta i

Figure 34. Halton HEAT Data entry screen

As shown in figure 35, we are comparing two
systems: a Halton model KVI hood with Capture Jet™
technology versus an exhaust-only hood.

Using Halton HELP software, it can be shown that the
exhaust flow of the Capture Jet™ hood is only 19 000
m?/h. The remaining data on the screen are for the
total fan pressure drop of each of the systems
together with the total installed cost for the end-user,
which includes the hoods, fans, labour etc. The final
step on the main form is to press OK and to bring up
the screen shown in figure 35.

Design Guidelines

This screen presents the annual heating, cooling and
air conditioning operating costs for the three different
hood types. However, in this case we have only
specified inputs for the Capture Jet™ and exhaust only
hoods. Pressing the Conclusion button on the tree
brings up the report seen in figure 36.

Halton HEAT Fa o
Apnual costs [Eur)

Howd i Heshra Fany Eesdiva Tl
Captors pat {Fren) 88 a, vy
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| | B

Figure 35. Halton HEAT Annual costs

The energy savings report presents the financial and
environmental benefits of investing in a Halton
system. In this case, the savings in airconditioning
were less than the added cost of the Halton hood
providing immediate payback to the end-user. Since
the Capture Jet™ hood requires a lower exhaust flow
than a competitor's hood, less make-up air is required
resulting in a lower air conditioning cost.
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Figure 36. Halton HEAT Energy savings report
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Hood type KVF Exhaust-only
Fan energy 1755 € 3106 €
Heating energy 13321 € 20355 €
Cooling energy 4972 € 7649 €

Total 19958 € 31111 €

Table 11. Annual cost

Upon examining the table above, it becomes apparent
that the KVF hood could save over 11153 Euros in
annual operating costs for Paris, France. Using the
exhaust flow rate of 19 000 m3h of the KVF hood as a
basis, the exhaust only hood is calculated to need

26 905 m¥/h.

The net effect is that the payback for the KVF is
instantaneous.

" ——

.,j;ﬁ_‘_".".—ﬂ —
e T
Picture 37.

Being Helped Successfully

It was a quick decision to choose the highly efficient
KVF canopy with Halton Capture Jet™ technology,
which allows the canopy to operate with up to 30%
lower exhaust flows than traditional hood systems.

The make-up air for general ventilation is distributed
directly into the working zone from the front face and
from the low velocity supply diffuser at the side of the
canopy.

It is indeed the only hood currently on the market
capable of combining the two features below:

e Optimising the exhaust air flow rate and
energy saving

e Guaranteeing the comfort of the workers and
improving their productivity with better indoor air
quality.

Improving Comfort

In addition to energy savings there is a net
improvement in comfort due to the decrease in air
volumes calculated (i e : limitation of draughts). Other
features include increase in hood efficiency and high
grease filtration efficiency. The low velocity diffusion of
general supply air via the KVF also helps to improve
comfort.
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Picture 9. Capture efficiency hoods
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Measuring Airflow & Balancing Hoods

For any ventilation system to operate properly in a
commercial kitchen, the airflows have to be measured
and balancing after the system has been installed to
ensure that the design criteria have been met. This
chapter provides information on balancing the supply
and exhaust systems in a commercial kitchen.

Picture 38. Traditional way

Balancing is best performed when manufacturers of
the equipment are able to provide a certified reference
method of measuring air flows, rather than depending
on generic measurements of duct flows or other
forms of measurement in the field.

Fan and Duct Sizing

It is recommended when sizing the exhaust duct not
to exceed 9 m/s for the main branch and 7 m/s for the
branch runs. This is due to the noise potential for the
higher velocities and by sizing for a median velocity, it
gives the designer greater flexibility in changing
exhaust rates up or down. The ideal duct size isa 1 to
1 ratio, trying not to exceed 2:1 whenever possible to
minimise static pressure and noise. Radius elbows
instead of hard 90° should also be considered for the
same reason.

There are two important factors to take into account
when selecting the fan: pressure and sound level.

50

Exhaust & Supply air balancing

Halton offers a variety of means for determining the
exhaust flow through their Capture Jet™ hoods.
Integral to all Capture Jet™ hoods is the Test &
Balance Port (T.A.B.). These ports are to be used in
determining both the exhaust and Capture Jet™ air
flows. Each incremental size of hood has been tested
through the range of operable air flows and a curve
has been generated showing air flow as a function of
pressure drop across the TA.B. Regardless of duct
configuration, the TA.B. ports will give you an accurate

reading of air flow.

When the fan is installed in the duct system, the
pressure it creates is used to cover the total duct
pressure loss. The air flow of the fan is determined at
the point where the fan pressure curve and the
system pressure curve intersect.

A common practice among fan manufacturers is to
use the static pressure in their literature; therefore, it
is adequate just to define the static pressure loss in
the ductwork and total airflow to select the fan. Hood
and grease extractor manufacturers give the pressure
information of these products. The data on frictional
and dynamic losses of the duct system can be found
in various sources.

Measuring Airflow & Balancing Hoods / Fan and Duct Sizing
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Glossary of terms

C & C - capture and containment

CFD - computational Fluid Dynamics

Hood Capture Efficiency - the ability of the kitchen
hood to provide sufficient C&C at minimum exhaust
flow rate

HVAC - Heating, Ventilation, Air Conditioning

Occupied Zone — lower part of the room where people
are, typically 1500 to 1800 mm from the floor.

52
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MARINE AND OFFSHORE

Address:

Telephone:

Fax:

Email:

Internet:

BELGIUM

Address:

Telephone:

Fax:

Email:

CANADA

Address:

Telephone:

Fax:

DENMARK

Address:

Telephone:

Fax:

Email:
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Fax:

Email:
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Address:
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Fax:
Email:
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Fax:
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Telephone:
Fax:

GERMANY

Address:

Telephone:

Fax:

Email:

HALTON MARINE (Sales)
HALTON QY (Factory)
Pulttikatu 2

FIN-15700 Lahti

FINLAND

+358 (0)20792 200

+358 (0)20792 2060
haltonmarine @halton.com

www.haltonmarine.com

(Sales)

HALTON N.V.
Interleuvenlaan 62
BE-3001 Leuven

+32 16 40 06 10

+32 16 40 22 64
halton.be @halton.com

(Factory and Sales)

Halton Indoor Climate Systems Ltd.
1021 Brevik Place

Mississauga, ON L4W 3R7

(905) 6240301

(905) 6245547

(Sales)

HALTON A/S
Nydamsvej 41

DK-8362 Hgrning

+45 86 92 28 55

+45 86 92 28 37
jan.ovesen@halton.com

(Sales)

HALTON OY
Niittyvillankuja 4
FIN-01510 Vantaa
+358 (0)20792 200
+358 (0)20792 2050
sfsales@halton.com

(Sales)

HALTON S.A.

94-96 rue Victor Hugo
FR-94851 IVRY/SEINE Cédex
+33 145 15 80 00

+33 145 15 80 25
france@halton.com

(Factory)

HALTON S.A.

Technoparc Futura

BP 102

FR-62402 BETHUNE Cédex
+33 3 21 64 55 00

+33 321 64 55 10

(Factory)

HALTON S.A.

Zone Industrielle-Saint Eloi
12, Rue de Saint Germain
FR-60800 CREPY-EN-VALOIS
+33 3449449 94

+33 3 44 59 18 62

(Factory and Sales)
Wimbock GmbH
Tiroler str. 60
83242 Reit im Winkl
+49 86408080

+49 864080899
info@wimboeck.de
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JAPAN

Address:

Telephone:
Fax:
Email:

MALAYSIA

Address:

Telephone:

Fax:

Email:

NORWAY

Address:

Telephone:

Fax:

Email:

POLAND

Address:

Telephone:

Fax:

Email:

SWEDEN

Address:

Telephone:

Fax:
Email:

(Sales)

Wimbéck Japan Inc.

Ueno Bldg. 2F 20-16 Shinsen-cho
Shibuya-ku

Tokyo 150-0045

+81 3 5459 7223

+81 3 54597224
wimboeck@gol.com

(Sales, Factory)

Halton Manufacturing Sdn. Bhd.
22, Jalan Hishamuddin 1

Selat Klang Utura

P.O. Box 276

MY-42000 Port Klang

+603 31 76 39 60

+603 31 76 39 64
sales@halton.com.my

(Sales)

Halton AS

Ryenstubben 7

N-0679 Oslo

+47 23 26 63 00

+47 23 26 63 01
arne.nygaard @halton.com

(Sales)

Halton Sp. z 0.0

ul. Brazylijska 14 A/14
PL-03-946 Warsaw

+48 22 67 28 581

+48 22 67 28 591
tomasz.palka@halton.com

(Sales)

Halton AB

Box 68, Kanalvagen 15
SE-183 21 Taby

+46 8 446 39 00

+46 8 732 73 26
infosweden@halton.com

THE NETHERLANDS

Address:

Telephone:
Fax:
Email:

(Sales)

Halton B.V.
Utrechthaven 9a
NL-3433 PN Nieuwegein
+31 30 6007 060

+31 30 6007 061
info@halton.nl

UNITED KINGDOM

Address:

Telephone:
Fax:

USA

Address:

Telephone:

Fax:

Email:

EXPORT

Address:

Telephone:

Fax:

Email:

More contact information is available at our website www.halton.com

(Factory and Sales)

Halton Vent Master Ltd.

11 Laker Road

Airport Industrial Estate, Rochester
Kent, ME1 30X

+44 (0)1634 666 111

+44 (0)1634 666 333

(Sales, Factory)

Halton Company

101 Industrial Drive
Scottsville, KY 42164

+1 270 237 5600

+1 270 237 5700
info@haltoncompany.com

(Sales)

HALTON OY
Haltonintie 1-3

47400 Kausala

+358 (0)20792 2329
+358 (0)20792 2085
juri.russe@halton.com

Halton

ARE FOR INDOOR AIR




