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Energy Savings Due to Changes in Design of Ventilation

and Air Flow Systems

F. W. HUTCHINSON
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Procedures for the design of ventilation and
air flow systems are shown to be energy
wasteful. The cause lies both in the meth-
odologies and their technical bases, and in
the influence of other factors that enter into
a final systems choice for a building (particu-
larly economics).

The issue of general outside air require-
ments is discussed. It is found that any system
in which outside air supply is sufficient to
control body odor necessarily meets oxygen
requirements many times over, and that the
ventilation rate can be reduced by about 45%
to 60% if higher humidities are used. The
long-standing belief that required ventilation
flow rate for odor control must increase as air
space per occupant decreases has previously
been proven untrue, yet a survey of the
ASHRAE recommendations and various
building codes shows that present standards
are based on this inaccurate and energy-
wasteful principle. New standards, including a
rate of 7.5 cmf/person of outdoor air (not
conditioned) during the heating sedason, are
proposed based on the result' that the
ventilation rate is independent of air space per
person.

Air distribution systems and sub-systems
are analyzed in terms of minimum energy
requirements. Energy saving by velotity
reduction is discussed. Fan power require-
ments for a high velocity air distribution
system are increased by 2500% over that for a
low velocity system in commercial buildings.

A comparison of the ‘‘old” ASHRAE
definition of Effective Temperature, which
serves as a thermal comfort criterion in AC
systems design, is made with the ‘‘new”
definition, and the consequent energy savings
that should result when the ‘‘new’ definition
is accepted in practice is demonstrated.

INTRODUCTION

In many respects present design procedures
(and particularly various code requirements)
are energy wasteful for two main reasons:

1. Failure of the art of heating and air
conditioning to rapidly incorporate into codes
and design procedures the results of latest
research. Two examples of this (to be
discussed in subsequent sections) are: (a) the
energy saving possibilities related to accep-
tance of the “new” ASHRAE definition of
Effective Temperature, ET*, and the
consequent revised psychrometric location of
the socalled comfort zone. (b) Research
results that disprove the long standing belief
that ventilation flow rate for odor control
increases inversely with available air space per
occupant. (c) Specification of outside air
ventilation rates for maintenance of metabolic
equilibrium (oxygen supply and carbon
dioxide removal) and for body odor control
in terms of required air flow rate per
occupant rather than in terms of the largely
meaningless values of cfm (ft3/min) per unit
floor area or air changes per hour.

2. Emphasis by the designer on minimiza-
tion of first cost — or total cost — at the ex-
pense of excess energy requirements. Exam-
ples of such designs are:

(a) Use of high velocity systems with
resultant greater power input to the fans.

(b) Use of constant air supply volume
systems requiring that the air flow rate
through the system be sufficient to carry a
load equal to the sum of the maximum loads
in the various zones.

(¢) Use of dumping methods (as by fan by-
pass) with variable air volume (VAV), systems
that reduce the constant fan flow rate to a
value sufficient to carry the block load (the
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temperature and humidity; fof this reason it

is very difficult to establish a, reproducible
scale*' of- odor"’ reéponse Analysis of odor

+ sources ‘is usua.liy “‘divided between such

pnméry‘ Yources ad

: fumlshmgs, Tilters, or cooling coils. Secondary
" sources can be’ largely controlled by good
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HVAC -system hygrene avoidance of prolon-
ged entrapment of dust, viable organisms, and
other ‘contarhinants in system components.

With respect''to energy conservation in
commercial buildings,
sources of concern ‘are "those due to thé
metabolic - processes of the ‘dccupants or to
smoking by the-occupants. The problem is
one of minimizing the required supply of

outside air in order to reduce the energy

requirements for heating, ' cooling and

propelling the air through the system. The

sources of body odor ‘dre exhalations,

insensible perspiration and thé products of

and offensive constituent of body odor. The

" rate at 'which odoriferous material is released

v

+ from the human bédy* depénds on personal
‘hygiene and the degree of physical exertion. .
some™ of ‘the organic materials
contributing to body odor are self oxidizing,
.and thus would disappear ih an unventilated

However,

space in time.

(S

Uccupants or cigarettes and "
siéh secondary’ sources as 6dor contaminated

“the primary odor

.
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ODOR CONTROL
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Reduction of odor to an acceptable

intensity can be achieved by the followmg

methods or by combinations of these meth- -

ods. An analysis will estabhsh the partlcular

design that will provrde greatest energy con-
servation. '

1.
nugratlon of the odoriferous gases and vapors;.
to" the “entire occupled région. Typlcal
examples “of this method are the use of
negative- presstre (exhaust induced)

' localize’ kitchen odors, or separate zonmg for
" conference rooms$ or" wartmg ‘rooms where

there may be heavy smoking.

2. Decontamination of room air before
recirculation. ‘Recént developments make this
method ‘economically competitive in total
cost with dilution by outside air; in terms of
minimum enérgy ‘Usage decontariination is in
many cases more advantageous than dilution.

to,

_ taminated . with 100%
Isolation of the' source to prevent )

3. Modification of room oder by addition
of other odoriferous materials to mask or
counteract body odor, as with a pleasant

. additive. (This method is not recommended

and many codes prohibit its use.)

4. Interference with the olfactory sensor
(as by addition of ozone) so that it becomes
irritated and loses sensitivity (not recom-
mended and often prohibited).

5. Dilution by ventilation with outside or
¢leaned outside air. This is the most common
method of body odor control.

DECONTAMINATION OF.ROOM AIR

Many procedures are avallable for purifying
retum air before recxrculatlon Among these
are various methods of chemical control for

'convertlng the odor causing gasesiand vapors
‘to inert or less odoriferous species. Activated

. garbon is widely used as an adsorbent for
organic. decay. Butyl- acetate js.an important™ "

entrapment of condensed objectionable
vapors in the capillary spaces, but the carbons

... must be regenerated periodically by heating.

Absprptlon systems are also used, as are
. washi

.. witha chermcal solution (e.g., caustic soda or

.and scrubbing devices with water or

lxthlum bromrde) -Ulfra violet }ight is used to

. kill au'bome organisms.

L

When it is economigal to.use a decontami-
nation. process,.-the outdoor air requirement
can be substantially reduced- with resultant
energy saving.. For example, if odor control

_ dictates that supply air contain 30% outside
* air and 70% recirculated room air, the outside

air fraction could be eliminated (except for
that amount necessary to meet physiological
needs) if 30% of return room air were decon-
effectiveness. An

i;equlvalent situation would exist if all of the

_ return room air were decontaminated with
" 30% effectiveness. Thus by reconstructing

,..supply air from partially decontaminated
" return air mixed with a reduced fraction of

ATH

outside air,

the energy requirement for
" ventilation would be reduced.

Further, when the reduction in-outdoor air
can be reflected in a corresponding reduction
in total supply air there will be a further
energy saving due to reduction in the power
input to the fan; the, possibility of achieving
such a saving in fan air will depend on
meeting the requirement for an adequate



approximately 4 cfm/person, In rooms where
- people are 'smoking’ the minimum ventilation
> rate goes-up to’25 cfm/person with a recom-
-.meéhded valhie'“of 40 cfm/person. Honma
~{(*“The Ventil‘atlon of Dwellmgs and Its Distur-
bances™, Royal Instltute of Technology,
Stockholm" 1975 p. 14) states that “... the
© minimum "“fresh air’ requirement is 0 003
xm3/sec per person (6 35 cfm/person) in order
i that a pérson enténng from relatively clean air
may: get the’ lmpressmn of allowable odor in-
tensity in‘the room while it is 0.002 m?/sec
per person- (4. 25 cfrp/person) in order that
the occupants of the room may maintain an
“alr qualityof fan' to good”. ’
- Thus, when oCcupants are the sole source
of odor ‘within a condmoned space, 7.5 cfm/:
-person of od’or:-free ou,_tsgde air should suffice.

-
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|ENERGY SAVING BY VELOCITY REDUCTION. % through cooling system is preferable, with the

‘7 lowest acceptable dlstnbutxon velocities to
Gmmumze fan power requirements.
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With mc‘féasmg costs of multhstory build-:+
ings there has been a growmg trend towards *
use of high; velocity!air distribution systems.
The smaller -ducts’ used with such systems
sometimes™ permit reduction in' the size ofl*
ceiling crawl spaces and _thereby serve :to::
réduce the helght between floors. The smaller
- dacts requu‘e less material, are less expensive.

to fabncate (except where anti-leakager
: constructxon Tequires more careful installa-
tion), and are less expgnswe to insulate. How-

. ever, “the cost of alterruatmg sound is =

PR

. inereased. For large systems (e.g., 50,000 cfm

at fan discharge) maximum velocity in the - -

main ducts may be as high as 6000 fpm (ft/
min) with up to 3000 fmp in the branches;
for smaller systems, (e.g., 2000 cfm at fan
discharge) maximum main duct velocity ‘

the branches. ,
Low velocxty Systems operate with main

duct speeds varying from an average 0f 800

fpm for residences to 1200 fpm for schools
and public buildings.

In energy terms, the advantages of high
velocity are paid for by a substantial increase
in the power input to the fan. Fan horse-
power increases as the square of the velocity.
Thus use of a 6000 fpm high velocity system
in a commercial building would increase the
fan power requirement over that for a 1200

fpm low velocity system by (6000/1200)2, or
2500%.

An additional factor to consider in
est1mat1ng the cost of a high vs. low velocity
system is that all the energy input to the fan

‘(except motor and drive.losses when this

equlpment: is outmde the conditioned space)
enters the’ dlSCh arge air from the fan either as
a thermal load or ‘as an increase in Kkinetic
energy, and thus increased fan power also
represents an increased. .cooling load. In a
blow-through cooling cycle the added thermal
load will be picked up in the cooling coil so
will increase the required refrigeration capa-
city, but will not become part of the space
sensible heat load. In a draw through cycle,
the fan load will bé part of ‘the space sensible
load-and will therefore require an increase in
the flow rate of supply air to the conditioned
space.

To minimize energy requxrements a blow-

MINIMIZING 'EAn‘EngGr BY USE OF TRUE
VKRiKBLE AIR VOLUME SYSTEM

- When an all-mr zoned system is used for
heatmg a.nd/or air gondltxomng a commercial
building, one ‘of the following three types is
likely to be selected:

Dual-duct. This system, partlcularly when
used with constant volume, is inherently
wasteful of energy as it is based on the use of
irreversible mixing, with consequent loss of
availability.

Re-heat System for Cooling. This system is
thermodynamically equivalent to making up
for a reduction in space load by supplying
additional energy (reheating) to cancel the
otherwise excess cooling capacity of the
constant volume supply air. The system is
wasteful of energy.

Variable Air Volume (VAV). According to
ASHRAE Systems, 1973, p. 3 - 15: “True
variable volume systems have inherent po-
tential to provide flexible heatmg and cooling
with minimum annual .energy consumptzon
compared with other air 'systems. ... true VAV
implies a system volume reduction that
coincides exactly'with the sum of zone volume
reductions. It permits substantial savings in
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Dry bulb temperature( 'F) i

-Fig. 1. P&ychrometnc chart and dlagram for numerical example demonstrating the eriérgy savmg sngmf:cance of

‘thernéw’ ASHRAEEfféctive Temperature

Example foFold BT

Referring to Fig. 1, assume thitwﬁhe state of

outside air, 0,'i¥‘at 95 °F dry bulb temper-
‘antd "80% -relative humldlty with

~r . corresponding enthalpy of 46.6 Btu/lb. If the

selected inside design'state’is taken at r, on
old ET line aa, 71 °ET, (the lowést permissible
relative ‘humidity for thermal &diifort) the

eﬁwrﬁcorrespondmg enthalpy. at r, is 24’8 Btu/lb.
"y o /Fhesenergy extraction ‘redifired ‘f5r cooling

.« Bta/lb, 0+
If,7in contrast a stite r1 is sele‘cted on the ‘

« 1 and sdehumidifyifig’ the' ventilation air will
A 46.6 - 2_4 8 =218

thereféh'e be hy —h; =

same- 71 *ET line at maximum’ permxssxble

relative humidity of 60%; the corresponding

enthalpy would be 30.6 Btu/lb and energy
extraction from ventilation air would be
reduced to 46.6 — 30.6°= 16.0 ‘Btu/ib. Thus
the saving im energy “required’*'to process
outside air:to state r), as compared with state
rz, is 21.8 — 16.0 = 5.8 Btu/lb, or a réduction

1
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of (5. 8,/21 8)100 = 366% This saving has
been achjeved with no. cb.ange m the indoor
feeling of warmth since.ry-and r, are‘on the
same. ET lme It should be noted, however,
that dlfferent air conditioning processes (and
poss1bly ~equipments)  would be needed to
,condxtlon the air: from. stable 0 to state ry
there_ is required a greater extraction-of sen-

.., .sible . heat and a lesser.extraction of latent

heat than would be needed to condition
outside air to state ry. .

Example for new E T*
Consxder now that room state is selected
at 20% relative humidity, r,, on the new

E’I:* summer neutral line bb with correspon-
‘ding enthalpy of 22.6 Btu/lb. The energy

extractlon to condition ventilation air is then
ho h., = 46.6 — 22.6 =24 Btu/ib.

If in contrast, the state r, (at 60% relative
humndxty, but at the same ET* as ry) is
selected as the inside state, the enthalpy of



