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Displacement Ventilation System

AMNSVASHRAE Standard 62.1-2013
(Supersedes ANSVASHRAE Standard 62.1-2010)
Includes ANSIASHRAE addenda listed in Appendix |

Displacement - "nritn" qiro no'w .1 Ventilation
: UIN'wa "2'up7oN Ventilation System for Acceptable
D'OINA? NINTIND < Indoor Air Quality

TAELE 6.2.2.2 Zone Alr Distribution Effeciivensse

-r I n II? Ij-r n I D I Ij I U I-” N]. ‘:‘ Air Distribution Confizuration E,

DIMUNI |70 'N2 7Y O'N'A7] % i e g |03

Ceiling supply of warm air less than | 5°F (B°C) above

nII]p InI7INI n)lxn NIanNJ ‘:‘ space temperature and ceiling retum provided that the

150 fprm (008 ms) supply air jetreaches iowithm 45/ g0
(1.4 m) of floor level

\/
D I] I N . TI n 3- "‘ Moder For lower welocity supply air, E, = 0.5

Floor supply of cool air and ceiling retun, provided

N/
D II? I n n In 11 ‘Q‘ that the vertical throw is greater than 50 fpm (0.25m’s) 1.0

at a height of 4.5 fi (1.4 m)) or more above the floor

NINNIN9IWNA TY 7¢ 0*71'NN0] % SRSt i s e
n 13_1 ‘ umidirectional flow and thermal stratification, or
I7w nUle_ DIWIAO D'n”UY_]]_ ‘:‘ height of 4.5 ft (1.4 m) ahove the floor

underfloor air distribution sysiems where the vertical
throw is less than or egual to- 50 fpm (0225 mé) at a
Floor supply of warm air 2nd floor retum 1.0
1 1 1 Floor supply of warm air and ceiling return a7
Air Wall -1 Radial Diffuser e e
Makeup supply drawn in on the opposite side of the 0%
room from the exhanst and/or return )

‘akeup supply drawn in near o the exhaust and'or

; 0s
return bocation
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Air Distribution Options — Mixing & Displacement
Displacement Ventilation ] ' "-
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Displacement vs Mixing .

How It Works

Minimal Mixing '
Low Velocity
65°F - 70°F
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[ . Ventilation Effectiveness .

Energy and Cost
Chiller Efficiency
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Displacement Flow

Exterior Zones
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Underfloor Air Distribution (UFAD)

CHAPFTER 1—INTRODUCTION

—— Underfloor

----- Air Distribution (UFAD)
Design Guide

AT——————— Fred S. Bauman
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Fgura 13  Cumaway of ypleal offica work spane showing LURAD wish
TAL systam.

Figure 3.2 Underfioor air disribution symom.
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Underfloor Air Distribution (UFAD)

Built-up Fan System
— H _h""«-.{— B Return Alr Plenum
- .__:,
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- - f VAV Diffuser —,  Fan CU"\ / /
7 / /
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Medutating / Warnablg Figure 9.2 VAV diffusers with heating-only fan coil.
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Figure 9.6 UFAD system schematic with variable-speed fan coil oy s T I e
with reheat in perimeter.
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Displacement Laminaire Radlal Diffuser Types

displacement
diffuser

9 perforation

Sub-domain ‘

=
e 0471 m

veloclty | Flow directed 15° downwards
diffuser from horizontal plane
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Displacement Ventilation Calc Procedure
Theory and Design Considerations

Air Volume Calculations:

* ASHRAE Design Guide

* Calculate:
* Supply Air Volume
* Supply Air Temperature
* Exhaust Air Temperature

* Based on zones with ~9’ ceiling
height
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Displacement Characteristics «~=78T
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History of Displacement Systems:

LRI 5.

Utilized in Europe for over 30 years
Origins in industrial facilities

#1 choice for industrial facilities in
Europe

Applied to commercial market in the
1980’s

Becoming popular in North America
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Displacement Ventilation System

Displacement Ventilation System

This solution not only has the potential for great thermal comfort, it also
enables efficient use of our conditioned air. Unlike overhead air distribution,
DV introduces low velocity, higher temperature supply air to the space. Some
energy advantages of displacement ventilation over a totally mixed ventilation
system include:

« Lower cooling energy and lower capacity demands will help maintain equal
thermal conditions in the occupied zone.

« Higher temperature supply air can maximize the hours of economizer free
cooling.

+ Improved chiller COP due to higher EWT and higher supply air temperature.

MOTE: In displacement ventilation, the air temperature iz actively controlled only in the
occupied zone and supply airflow rate is adjusted to a level that makes the airborne
contaminants rise above the breathing zone.

ISOTHERMAL VENTILATION

ASHRAE Standard 62.1-2010 “Ventilation for Acceptable Indoor Air Quality™
table 6.2 states the ventilation effectiveness for over head mixed distribution
systems is E, = 1.0. Where fully stratified systems are assigned a value of
1.2, by comparison, 20% more effective than overhead. Better ventilation
efficiency means, in addition to energy savings through a reduction in air
volume, improved indoor air quality in the occupied zone is attainable.

Where:
E, = Air Change Effectiveness (Table 6.2)
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Displacement Ventilation System

COOLING

With displacement ventilation, the room air temperature increases with the

height inthe space. As aresult, the thermal conditions and air quality are actively
controlled only in the occupied zone. The air temperature and contaminant level

are higher in the stratified zone. Depending on the breakdown of heat gains
and the height of the space, the temperature difference between the supply

and exhaust air is 8 - 18°F. Since cool air is supplied directly to the occupied

zone, special attention to the analysis of the adjacent zone should be taken to
minimize occupant discomfort.

a

o Figure 5. The Adjacent Zone
L Y
=

T
LY

'Sda
i o

In ecommercial buildings the air quality criteria is often
indicated in terms of CO, concentrations. In other applications,
it is important to determine whether the contaminants are Stratified Zone
warmer and/or lighter than room air. In both cases where the
contaminant loads are high, special attention to the occupied
zone height, supply airflow rate, and unit location should be
analyzed. ¥ 3

DESIGN CONDITIONS W '

ADJACENT ZONE Supply

The cool supply air creates a zone in front of the supply Outlet

unit where a draught might be perceived. The size of this Adjacent
adjacent zone depends on the properties of the supply unit, Zone

the airflow rate, and the supply air temperature. During the V=50fpm
design process, the dimensions of the adjacent zone should

be determined, the can later be used when placing objects or

occupants in the space. ¥ 5
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Displacement Diffuser’s Types

Rectangle diffuser 1 way air pattarn 3 way air pattern
i i
Diffuser
®© <[ O |=
| | L
Plan View Plan Wiew

Figura 21: Rectangle diffusers

Circular diffuser Circular air pattern Corner air pattern

Plan View Plan View

Figure 23: Circular diffusers Figure 24: DR1B0 installed in free space
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Displacement Characteristicsf§

Displacement Systems:

65-68°F supply air

Low velocity

No mixing in space

Heat sources drive air = Z -
motion '

StratIﬂed heat, B Fresh Air Convection [ Radiation
contaminants

Racommended mirimum supply sir lempersture
Cc L~

Only conditions the
occupied zone
The 19th International Annual Conven tion -
Electricity 2518 nwn Hot ond humid conditons
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Displacement Diffuser Types
VA i |

{
ey 4

"B B B 5 B

Figure 2 - Displacement Ventilation

Brisbane City Hall, Displacement Ventilation
System. Halton displacement diffusers were used
to supply air from the perimeter. The warm return
Eléctricity 2.418 Ynwn air was extracted at the top of the auditorium
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Displacement Desigh Recommendations

Selection:

-

* Face velocity (40 fpm)

- Volume / 40 = Net
diffuser face area

No throw, drop, collision,
etc. to consider

Low noise

Low pressure drop

Electnclty 2.%18 'ann



Displacement Diffuser’s — Design Example’s

Y

:DIZII

Figure 6. Standard Air Patterns

Figure 11. Design Example - Private Perimeter Office

Figure 13. Design Example - Perimeter Conference Room

Figure 7. Adjusted Air Patterns

e 19th International Annual Convention
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Figure 12. Design Example - Open Plan Interior Office

Figure 15. Design Example - Elementary School Classroom
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Radial Diffusers Types

1
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FLUSHMOUNT

iew with face removed showing integral
variable air pattern controllers

TOP MOUNT JL
W

FLUSH MOUNT

minal Unit Unit Di (inches|
ol A B G

Gx18 6 18 16% 4
12x12 12 12 0% 1%
1Bx6 18 6 % 16%
18x8 18 8 6% 16%
18x12 18 12 10% 16%
x6 24 1] 4% 2%
Mx8 24 8 6% 2%
M4x12 24 12 10% 2%
M4x24 24 24 22% 2%
M4 x30 24 a0 4 2%
24 x 36 24 36 34% 2%
x4 24 48 46% 1%
Lol Wxb a0 [ 4% 8%
Mxd 0 8 6% 8%
WxH 30 24 2% 8%
6x6 16 [ 4% %
3bx8 36 8 6% U
Bzl [ 2 22% Wh
06 40 13 4% 8%
40x8 40 1] 6% 8%
48x6 48 1] 4% 46%
48x8 48 8 6% 46%
Bx2d 48 24 2% 6%
B0xB 60 8 6% 58%

SURFACE MOUNT FLUSH MOUNT

LG5 5N e




D120 D'NIIVN] Radial Diffuser
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Air Supply from Radial Diffuser

Velocity, m/s
0.500000

0.468750
0.437500
0.406250
0.375000
0.343750
0
0

Velocity, m/s

0.500000 50m range - predicted velocity contours vectors on

tacinns longitudinal slice 1 (close-up of firing line end)

406250
375000
343750
312500
281250
250000;
.218750
.187500
.156250

Bhco | T - ' 50m range - predicted velocity contours and turbulence
.093750 . - ' kinetic energy contours on a horizontal slice 3.0m above
. 062500 s . .

the floor (velocity above, turbulence kinetic energy

.031259
below)

co0oo0o0ooo0oo0o00OO0O0COOCQOO

. 000000
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Fraklin Pa‘rk Police — Radial Diffuser
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Federal Air Marshal Field office " 'a 1;;mn 'n 15-1 10 niTn
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Radial Diffuser - Smoke Test
-

T?l;.e 19th International Annual Convention

Electricity 2.%18 Jnwn nIkE SN e

The Societf"{_}l Electrical and Electronics Engineers in Israel




Radial Diffuser

e e [N ] ~

| : Hinge side

34.0962

...______\__;______...
\ MOUNT AT
tek screw
SIDE ELEVATION
—i 36" rd Radial difusser
rd
= L G ; :
¥l == i ==
1 v
i
[ \
36" DIA outer shell 32" DIA inner she TYPICAL
i

I
b
VA

4" Airfoil turning vonas

\

083" perforatdd ABS plastic surface wilh 10 1o 16% free area (distribution)
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Air Wall - KRANTZ

Functioning
|
=l | E E The displacement outlats ara positionad ina
— = -— certain distanca behind the fiing point, to di-
— === === .25 A 0.3 i) and ow rbudance b
— 2 e —— . ) ance
— e | | e =z the targets.
—-—-'.' - — -
__.-—'—'—'—'___- -
.——_——r‘i,_-—-"__' —+ Thus, the shooters are permanently sur-
=l | —% E = roundad by a flow of fresh air. The arborne
-] e . .
— p— pollutants that accumulata in the supply air
- | - while shoating are displaced by thiz air flow
—_— — towards the opposite and of the room where
— ~ tha pelluted air will b exractad.
b | ==
Iy o [ B g / | Further to this the low supgly air velocity
: = generatas a comfortable, draught-free ther-
— « mal anvirorment.
——
— The ballistica of the projectile will not ba infiu-
= anced by tha air flow.
— -
m— | The dizplacement oullsts are deliverad in
—_— saparate parts along with the necessary
_EE'-: poat-and-beam  structure and  connection

| alements for aasy installation of the air distri-
bution wall on sita.

e 19th International Annual Convention
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Technical data

Volume flow depending on the room
rate range:  cross section and the
appearanca of pollutants™

Discharge
velocity: 0.256 -0.35 m's
Size: adapted to the rcom
cross section
Coverage: total room cross section /
moom kength
Type: VA-RSA
Make: Krantz Components
1l accarding to the typs of firsarmigun
and shot rate
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Air Wall - STRULIK

Guidelines for the operation of enclosed shooting ranges

Criteria Mational International
Recommended airflow system Displacement ventilation system

Recommended air speed over the room cross section Minimum value: 0.25 m/'s

Recommended room temperature .

3 approx. 18°C The planning and
of the shooting range implementation
Distance of the shooters from the supply air wall 5.0 m (2.0 m for air guns and GO, weapons) of the supply air

in accordance with workplace regulations and SYSIEMS Must
Sound evel of the ventiat the Technical Instructions on Noise Control be adapted
ound pressure leve] of the ventlgtion system (TA-Lirm): no specification in the guidelines of | 0 the guidelines
the German Shooters Association (DSB) of the
respective country.

Acoustic reguirement with respect

to the reverberstion period 0.5 sinthe 125 - 4000 Hz range

Technical instructions for air quality control

Maximum pollutant concentration (TA-Luft), workplace regulations

Structure

The individual sections are constructed
from sheet stesl and have several
chambers to form displacement diffus-
ers. The blades are designed to provide
optimal air distribution.

Swirl diffusers fitted in the bottom
chambers are designed to drive the
supply air in the lower zone towards the
shooters in the form of turbulent air
streams. This design element guaran-  and room. The cross sectional area of any windows and doors should not be more
tees the fast reduction in the tempera-  than 15% of the total usable surface of the shooting range. If it is more, it is
ture differences between the supply  possible to compensate by adding inlet surfaces to the window and door frames.

Lower chamber with swirl diffusers

e 19th International Annual Convention
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