12 CHAPTER 2

W, = humidity ratio of average room air, pounds of water per
pound dry air.
@, = moisture content of no-load zone air, graina per pound
W, = humidity ratio of no-load zone air, pounds of water per
pound dry air.
@, = moisture content of cold supply air, grains per pound
dry air. : :
G, = moisture content of outside air, grains per pound dry air.
G, = room latent load, grains per pound of dry air supplied.
@, = moisture content of warm air, graina per pound dry air.
X, = ratip of outdoor air to total air.
X, = ratio of warm (0 total sir = (1 — R — L)/{te — &)
Ry = percentage of total internal sensible heat load divided by
100.

L= d.ry:hulb temperature of room air, Fahrenheit.
1, = dry-bulb temperature of cold air, Fahrenheit.
1, = dry-bulb temperature of warm aiz, Fahrenheit.

If the state of air for average room and po-load gone is
determined for various loading conditions these could be
plotted in manner shown on Fig. 7, giving performance of &
particular dusl-duct cycle through the entire range of oper-
ating conditions, from 100 percent to zero Josd. The points
needed to represent the performance of the cycle can be calcu-
lated either from Equations 1 and 2 or can be determined by

" the trial and error method described for Fig. 6.* On Fig. 7,
pointa 1 and 2 are plotted directly from Figs. 5 and 6. It
should be noted that the temperature of warm air in Figa. 5
and 8 was kept constant at 86 F. If additional points for s
system operating with 86 F warm air are determined for
lower loading ranges curve “B” will be obtained. The corre-
sponding points for no-load zones could be then cslculated
and shown by curve 2-2-X-Z. If we arbitrarily assumed dif-
ferent tempetatures for the warm sir an additional set of
curves such as A, C, D and E could be obtained as shown on
Fig. 7. These curves show at a glance the effect of the warm
air P on the 14 age room conditi
The effect is relatively small while the system is operating at
high loads and is very pronounced when the internal sensible
load on & system falls to a lower level. This fact gives a clue
to how this system can be controlled to prevent rise of
humidity in the conditioned spaces. Various methods of con-
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By line X-Y. While the system as a whole will operate on line
1-1-X-¥, the conditions in the no-load zone could be caleu-
lated and shown by curve 2-2-X-V.
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low while internal sensible heat load on the system decreases
from 100 to xppm;umatcly 50 percent. If it is assumed that at
high loads 80 Fjv.nlll be maintained in the warm duct the cor-

The majority of dual-duct for comfort applicati
now operating are based on cycle of Fig. 1. Experience has
shown that these systems give good results when designed and

ted under the foliowing set of

1. If located in moderately humid climates, where outdeor
dmiglulheondiﬁonl do not exceed say 78 F wet-bulb aod 95 F

dr;;. When minimum outdoor air in the system does pot exceed

3540 t of total. )
3. en heat is available and applied properly for partial
summer load operation. -
4&@ summer cold duct temperature does not exceed 55 F

Cyde of Fig. 2

The arrangement of apparatus shown in Fig. 2 overcomes
the objection of bypassing excessively humid outdoor air to
the warm duct on partial cooling loads. The minimum out-
door air is normally precooled to a point which will not necessi-

tate the application of reheat in the warm duct on high sum-- ]

mer loads. Precooling with well water or with water leaving
the maia cooling coils is suitable for application to this cycle.
Otherwise, the performance of this cycle is similar to that of
_the cycle illustrated in Fig. 1, but with a reduced rate of
humidity build up on partial loads. The application of reheat
in the heating coil still would be required at low summer

partial loads.

This cycle may be justified on comfort installations under

following set of conditions: _
1. When installed in relatively humid cli

2. When the minimum outdoor air exceeds 40 percent of total

air handled by the system.
3. When huridity variations in the conditioned spaces must
be restricted {o A narrow range.

Cyde of Fig. 3

The two-fan system chown in Fig. 3 is economical to :

operate and will permit close control of room humidities in
summer when less than half of the total air is handled by the
warm duct. Each of the two supply fans shown are sized to-
handle approximately half of the total system air delivery. The
bypass 1 shown on the up-stresm and the down-

trol are ible depending on the of heat ilabl
and on the desired degree of precision of control of relative
humidities. As an extreme case, which would result in least
variation in the state of the room sir, the system could be
opersated from, say, 100 to 70 percent load at any warm' air
perature, say 86 F, allowing a slight rise in room relative
humidity, as shown by curve B. At 70 percent load, heat could
be applied to the warm air coil raising its temperature to, say,
110 F. This shifts aperation from curve B to curve E and keeps
variations of humidities in the room air to a minimum. This

D!
stream side of the supply fans do nét require any flow control.
The air flow through the bypass will always be determined by
the thermal requirements of the conditioned spaces and by
the temperatures maintained in the cold and warm ducts.
While opersting at high loads the system will be equivalent to

- a single duct system with face and bypsss dampers at the

cooling coils where only return air is bypassed around the
cooling coils. On a further drop in internal sensible heat load,
which will increase the flow of air in the warm duct over ap-
1 1y half of the total system capacity, the perform-

method might be feasible and 1 when an inexp
source of rebeat is available, such as the hot gas of the re-
frigerating machine, :

On large comfort installations, the following method is sug-
gested. Allow the system to operate without external reheat
on & curve such as B up to a point such as X. At that point,
apply reheat gradually to the warm air heating coil. This can
be accomplished by installing a humidistat in the return duct

to control steam or water flow to the heating coil and, in this -
tod

"

ance of this cyecle will resemble more and more that of the cycle §
of Fig. 1. The application of reheat to the warm duct coil still 3
will be necessary to depress the relative bumidities in the con- ¢

ditioned spaces during partial load operation coincident with
high dewpoint temperatures of outdoor air,

" 7he performance of this cycle could be best lustrated by |
plotting performance curves for the entire range of operation !

of the system, from 100 percent load to zero. Such curves as
leulated from E jons 1 and 2 are shown on Fig. 8. The

manner, limit the rise in average room conditions as i
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curves 4, B, C, D and E show the resulting average room
conditions which would exist in the system at different as-
sumed warm duct temperatures for specified conditions of

design. Note that the rate of build-up of humidity is relatively :
-

{
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P in no-load zones could be calculated
from Equation 2 and represented by dotted curve 1-N. In the
100 to 50 percent range the no-load curve and the average
room conditions as represented by the performance curve 4
will actually coincide. Beyond the 50 percent point, on further
drop in intc?rnx.l sensible heat load, the no-load curve will ghow
aslightly higher rate of build-up of humidities compared to the
average room conditions. If it is assumed that at a point such
as M, reheat is applied to the warm duct coil, gradually in-
creasing warm duct temperatures, a further rise in average
room humidities will stop and the room humidities will be
maintained at a level shown by line M-S. The corresponding
conditions which would exist in no-load zone could then be
calculated and be represented by curve N-0.

In applying the cycle of Fig. 3, it should be kept in mind
that some stratification of air in cold and warm chambers may
be expected under some conditions of fow. For this reason
care should be exercised in arranging the duct connections to
cold and warm chambers to avoid unequal duet temperatures.”
ltwﬂlnl;obeagoodpmuﬁontouseonlyavemgingtypaof
control instruments in cold and warm chambers. Another
limitation of this cycle is the possibility of not meeting venti-
lating requirements in lightly loaded rooms or zones which
wo:l{dall);fed &redominant]y by the warm duet. .

- An alternate arrangement of the cycle of Fig. 3, will be
tained if the.hy'pam connection on the discharge side of ZIE:

* supply fans is omitted and if both supply fans are sized to

appmn[xmtely 100 percent of: total system air. Thia
arragement will eliminate the possibility of excessive air
stratification in cold and warm chambers. The disadvant,
of the alternate arrangement will be: )

a. Increased supply fan power requirements.

b. Increased complexity of controls dite to necessity of con-
trolling static pressures in the duct syster.- -

¢. Increased cost of apparatus rooms. o

Cyde of Fig. 4

¥ig. 4 shows an arrangement that will permit vel
control of relative humidities in the eol;ediﬁonedrysg:
through the entire range of operation, Hy v i
cast of the cycle, b of conti d
Iatively high In additi

, the ting
Yo d for reheat, is
I refrigeration must be

provided in most installations to treat the air which will be .

bypassed to the warm air duct under conditions of imurm
loadm,g._ The use of this cycle is not economically favorable for
the ‘majority of fort installati and is icted to
specxa.lv applications, ’

SYSTEM DESIGN

The basic calculations required in design of dual-duct g
hfflmsgmthemmensthose fors.nyothersystemandarez:
Boe: in Chapters 25 and 26 of the 1961 GuE AND Dara

o K. However, when calculating the air quaatities to be
qled by a dual-duct system the effect of the second stream
of air should be evaluated. Since in the great majority of
. G.Bmthetempem.hmoﬂ.hewumairduﬁngsummeropem:
:-;;n, and of cold air during winter operation, are different from
average room temperatures maintained in the conditioned
!mmqu;ntm.apgmpr;%mm' ons should be ‘made in basic
i ies due air-in the seco i
oceurs at péak loads and is ~‘h._ni.1.ductwh1cb
cireulation in all conditioned spaces.
. All air quantities required for design of a dual-duct system -

L Quty Qo oty Qo =

13

gf ;o;stant volume type can be determined from Equations

@
(4)
)
6)

Qa = Ha/1080 ~ 1)
Qui = /1086 — 1)
Qu=Qu/X,
Q@=Qu+ Qe+ + Q.
Note: Q‘u' is Quz, Qui, or Qu, whichever is the greatest,
Q=+
CHa 4 108Qus — 4) = 108QuE, — 1)

@
&)
Hew +1.08Qu(t ~ &) = 1.08 Qu{te — &) )
where V
Ha =-total internal sensibla beat load on & sys-
tem during summer peak, Btu per hour.
H,u = interual sensible heat load of & particular
zone (or room) during summer peak, Btu
per bour. L :
. He = total internal sensiblc heat load on a sys-
tem during winter peak, Btu per hour.
Hou = internal sensible heat load of a particular
zone (or room) during winter peak, Btu
per hour. ’
Q = tota) air handled by the supply fan, cubic
. feet per minute.
Q. = total cold air required by the system dur-
ing (mmmer or winter) peak, eubic feet
. perminute. o
Qu = total warm air required by the system
- during (surmer or winter) peak operation,
cubic feet per minute. o
*» Qes = cold air required in a particular sone at .
eummer peak, when the zons receives only
cold air, cubic feet per minute.
Qu, Q-t., Qu = warm air required in 8 particular zone at
B winter peak, when the zane receives only

Qs Qo - -

warm air, cubic feet per minute.
Quy @z, - -, G = outdoor (ventilation) air required in a par-
“  ticular zone, cubic feet per minute.
!of.f.l air required by a particular zone to
estisly ventilation requirements, cubic
feet per minute.
= :xe)ubulb temperature of room air, Fahren-
it -
= :ery—bulh temperature of cold air, Fahren-
it. : :
f. = dry-bulb temperature of
Fahrenheit.

Since in all zones or rooms served by s constant
dual-ductsygtem, the air quantiti will};emai.n ‘ﬁ vol_uzlr;'te
constaat during normal operation, the air quantities for each
tnl;ene“(vormom)mugtbeh‘ lated from load ideration of

0 peaks or ventilating requirements and the largest
the three used t5 establish the air quantity fo that part ‘ot
space. Equations 3, 4 and 5 can be used to determine this air
qu:fn;ty-h L s

r the quantity of sair is established for all individual
spaces _t.he total air to be handled by the supply fan will be
d.eftrmmed by a simple summation of the air quantities as-
signed to each space. This is stated by Equation 6. ’
) The solution of Equations 7 and 8 will establish the air
quantities required in cold and warm’ducts for summer- peak

warm -air,




