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Item: DOE-2,!BE {8 now the official, and mont
current, versicn of the program. The
CDC vermion 1is avallable for purchase
from NTIS and, te ctheir registrauts,
from the Naticnal Energy Softwvare
Center, Argosne Naticnal Laboratory,
Argonne, IL (312) 972-7250, The VAX
and IBM versfons will fellew shaortly.
Purchasers of the new Cfape will
automatically receive one complete set
of DOE-2 user docusentation, lnecluyding
the 2,18 updates, with their order.
Additional copies of the documentation
may be obtained from NTIS. Flease
note that it is now possible to ordet
individual volumes from the basfc set
of documentation, The beck page of
this newslettar iz & tesr-ocut sheer
containing an order form for tapes and
documentation.

Item: Aa anoncunced in the last 1isauve, the
DOE-2 Engineers Manual, Version 2.l4,
has now been puyblished., This volume
will be updated sometime next yesr, to
incorporate hoth DOE-2,!B and DQE-2.1C
material, In anticipatien, however,
of an {mmediste 1interest in the new
daylighting routines, we have produced
a separate interim report, entitled
Caviighting Calculatica in DQE-2,

LBL-11353 (III.Z.9 only}. A limited
number of coples are "available from

thisg office, Please gsubmit your
request 1In writing to the address
above.

THE NEW METRIC QPTICN

Canadian and overgeas users of DUE-2 will
especially bepefit from the metric option
which has been introduced into the naw versicon
of the program. American users with foreign
clients can also make uyse of the feature. Due
to the flexibility of the code, output units
are independent of input. Therefore, input
decks ezploying the English unit system can be
used to produce setriec output, and vice versa.
Additionally, input and output units can be
switched back and forth at all levels of the
program. Thus one could have, for example,
LOADS in English units and SYSTEMS in metric
units, Please refer to the DOE-2 Supplement,
Version 2.1B, for a full discussion of the
metric option,

There atre several {mportant guidelines to
follow when preparing a mectric Input/outpug
deck,

® The new keyworda chsr invoke the mwmetric
option, INPUT- and OUTPUT-UNITS = METRIC,
must be entered under the INPUT command at
the beginning of each subprogram. Cther-
wise, the downatream programs will default
back to ENGLISH.

® The use of libraries {s subject to rcertain
rescrictions. l) The DOE-2 Preassexmbled
Library of wmaterials and layers cannot be
accensed 1f che LOADS subpregram {s input in
cetric unite, 2) User-created libraries may
contain only cne type of units. And 3) a
library created in one unit-system cannot be
usad, of course, in a preduction run employ-—
ing the other systea.

® Many experienced users of the scheduling
commands may have all but forgotten the
existence of the keywords HOURS and VALUES
in the DAY-SCHEDULE command. Eut their
preseace becomes significent when preparing
a schedule that defines a temperature io a
metric input deck., Specifically, the VALLES
keyword must be rveplaced by the mecric key-
word TEMPERATURES (abbreviated, TEMP) <o
alert BDL to the fact that the value entered
ia sxpressed in © Celsius. " For example:

DAT] = D-S5CH HOURS = (1,24) TEMP = (21} ..
The rteperting of temperature-related data

will be meaninglesas Lf this keyword <s
neglected. Obvicualy, this requirement

(Centinued on back page)
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ELEVATED SUPPLY AIR TEMPERATURES FOR VAY SYSTEMS

Over the past few months, we have had a
number of inquiries from DOE-2 users concerning
the best approach for modelling elevated Supply
Afr Temperatures (SAT) of 60 to 659F on VAV
svstems, The engineers indicate to us that
HVAC designers face new problems because of
increased air flow-rates and the assoclated
increased fan energy. If we look at the prob-
lem closely, we can see that we really need to
bring ocur air flow-rates back up to the levels
that we used to coneider normal prior to cur
high efficiency lighting systems, better glaz—
ing methods, and high room tepperature set-
polnts, These combined energy-saving methods
can result in reduced indeor air quality with
design af{r flow-rates of leas than .5 CPM/aqgft
at 53°F supply air tesperatures.

Since sych low peak flow-rates fall below
minimum acceptable levels, the first move is to
elevate rthe supply air temperature. Higher
SATs increase the air flow-rate, assuming the
roox temperature (RMT) remainsg constant at
789F, as showm In the following relationahip:

SENSIBLE HEAT GAIN

AIRFLOW = 753 * (T = SAT)

Most VAV supply fans are located dovnstream
of the cooling coils (i.e., FAN-PLACEMENT =
DRAW~THROUGH), so that SAT = Coil Leaving Adr
Temperature + Fan Heat. Therefore, I{f the
user’s SAT {s not elevated above, say, 50°F and
fan heat is ~4°F, then the coeling coil leaving
air temperatute ip ®#56°F DB and 54°F WB. This
gives us a Humidicy Ratio (W) of ®,008& 1b
moisture/lb dry air which 18 sufficient to hold
an acceptable space relative humidity of 507 RH
at peak design loads, even though they may riase
te 60X RH under conditions less than peak.

Now, however, if we elevate the SAT to 65°F
{and fan heat 18 4°F), we have a coil lesving
air temperature ®61° DB and 59°F WB. This
results in a W ® 0104 1b moisture/lb 4ry air
and 8 space RH of 58% at peak design loads, but
exceeds 602 RH under conditions less than peak.
Since ASHRAE STD 90 allows humidity control to
prevent space relari{ive humidities adove 60T,
the question is: "What are the DOE-2 options
for modelling humidity control when we have
elevated supply air temperatures to maintain
acceptable sir flow-ratens?"

For our base case, let”s take a VAVS aystem
with just the following inputs:

from
DESIGN=CQOOL-T = 78 -  ZONE-CONTROL
COOL=CONTROL = CONSTANT
COOL-SET=-T = 65 from
MIN-SUPPLY-T = 60 SYSTEM—CONTROL

MAX-HUMIDITY = 60

Let’s also assume that the building mensi-
ble cocling load is 100,000 Btu/hr: therefore
DOE-2 will calculate a supply air flow-rate ag

follows:

SCPN = 100000
T. 08% ( CDESICN—OOL-T> - MIN-SUPPLY-T> )
SCPM = 100000 . 5144CPH

1,08 * (/8 - 60)

Whereas what we really wvant is a supply aflr
flow~rate based on COOL-SET-T, so that if the
MAX-HUMIDITY exceeds 60X, the supply air tem—
perature will be depressed to MIN-SUPPLY-T for
additional wmoisture removal. To accomplish
this, we wmuat force the system supply air
flow-rate o the value wa desire by firgt cal-
culating the correct amount by hand and then
entering this value using the keyword SUPPLY-
CFM™.

100000

!
SCFM = 5E % 78 =~ %53 = 7123CF™

SUPPLY-CFM = 71213

The next conslderation is whether we desire
reheat to naintain the COOL-SET-T = 65 when the
SAT 1is depresased by the MAX-HUMIDITY = &0
limit. If so, ve alsc need to input REAT-SET-T
« £5 which allows the aimulation of reheac by
the af{r handling unit reheat coil.

If a Packaged VAV Unit was selected, with
SYSTEM-TYPE = PVAVS, we can energize condenser
recovery for reheat by entering under SYSTEM=-
EQUIPMENT the keyword MAX-COND-RCVRY = .8, Two
other keywords, MIN-UNLOAD-RATIO with a value
of .5, and MIN-HGB-RATIO with a value of .1,
are optional but advisable, since Hot Gas
Bypasa is the normal sec—up whenever condennmer
heat ia recovered,

Two othetr options for elevated SATe are
availsble to the DOE-2 user, The first is to
reget the supply air as & funetion of outside
air temperature. The neceasary keywords are as
follows:

DESIGN-COOL-T = 78
COOL-CONTROL = RESET
MIN-SUPPLY-T = &0
MAX~HUMIDITY = 60
SUPPLY~CPH = 7123
COOL-RESET-SCH = R-SET

A schedule that would be appropriate for R-SET
might be:

R] = DAY-RESET-SCH
SUPPLY-HI = 70  SUFPLY-LO = &5
OUTSIDE-LO = 70 OUTSIDE-HI = 50 ..

R-SET = SCHEDULE THRU DEC 31 (ALL) R1 ..



Given this input, 1f MAX-HUMIDITY exceeds
60% RH, the reset schedule would be overridden
and the cooling coil leaving air temperature
depregged to MIN-SUPPLY-T =~ 60. However, {f
HEAT-SET-T = 65 {s input, the SAT, as resst by
the achedule R-SET, will again be maintained
using reheat and the coil leaving ailr tempera-
ture will be ®36°F,

The second option {s to use a "discrimina-
tor" contrel to set the supply alr temperacure
to saci{sfy the cooling requiraments of the
"warmest” zone, which by definition would more
than satisfy all other zone cooling loads. The
correct input in this case i8:

DESIGN-COQL-T = 78
COOL-CONTROL = WARMEST
MIN-SUPPLY-T = &0
MAX-HUMIDITY = &0
SUPPLY-CFM = 7123

Given this input, 1f MAX-HUMIDITY exceeds &0Z

RH, the discriminater would be overridden and
the cooling coil leaving ailr remperature
depressed to MIN-SUPPLY-T = &0. However, i(f

HEAT=-SET-T = 65 is input, the SAT as reset by
the discriminater would be majntained using
reheat., Notice that in all cases {f reheat is
locked cut either by a HEATING-SCHEDULE or by
failure to input cthe HEAT-SET-T keyword, DOE-2
will simulate subcooling in the space once che
VAV box has reached its minimum stop, as input
by the keyword MIN-CFM=-RATIO,

In the near future, we will be adding, at
the DOE-2.lC level, yer another system type,
the PIU (for Powersd Inductlion Unit) which the
user can empley to {ncreame zone air flow-
rates, With this system the SAT to the space
i3 elevated by inducing 1979 CPM from the cell-
ing plenum, mixing {t with 5144 CFM of supply
alr from the air handler, and thus producing
the desired total flow-rate of 7123 CFM used In
the previous discusslons, However, {n this
case, the cooling coll leaving air temperature
can remain at 356°FP and, thus, remove the
required mofsture so that the space humidicy
never exceeds the 60X RH limit, In effect, the
reheat comes from the ceiling plenum free of
charge.

To sophisticated designers, these discus-
s{ons may appear simplistic. We wish to assure
them that we too are cognizant of the many
changea {n the relationships between tempera—
tures and flow-rates in actual VAV systems
operaticna; DOE-2 simulacion of VAV systems and
thelr response to sensible space loads takes
into account such real-world complexities. For
example,

1) The cooling ceil leaving air temperature is
depressed by the controller as it
approaches the bortom of its throttling
range which naturally results in increased
molsture remcoval. Just the reverss {8 truye
as sengible loads Increase.
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As the flow-rate at the cooling cotl
decreases, the leaving humidity racio 1s
further deprasgsed since there (s bhecter
contact of the air with the coil fin gur-
face, DOE=2 gimulaces this with a lipnear
curve labelled COIL-BF-FCIM,

Pan heat AT decreases as the fan flow-rats
decreases; therefore the cooling coil leav-
ing air temperature increases hecause rhe
controller location ie simulated as being
downstream of the supply fan.

Aa the flow-rate to Lhe space decreases,
the space humidity ratio increasea if the
ecisture gain Iin the apace is a constant.
Except for auvditoriums, etc., most of the
larent load on a sysfen comes from the ocut-
side air rather than from within the build-
ing. Therefore a VAV system often can do a
reasonable job of hoelding che rtelative
humidity without rehsac.

Since the peak latent loads normally coin-
cide with the peak sensible loads, a VAV
system often operatey gquite well withouc
reheat; what lfttle space subcooling that
does occur, egpeclally when the SAT is
elevated, 1s not objectionable. OGranted,
the ASHRAE S$TD 90 cooling setpoint of 78°F
iz ignored by many building occcupantas.

The other SYSTEM~TYPEa besidea VAVS and
PVAVS to which «chis entire discussion
applies are the Ceiling Bypass-VAV (CEVAV)
and the Ceiling Induction (SZCI) systems.
CEVAVY has a characteriatic that sheould not
go unmentioned, The flow-rate at the fan
and coil is constant, and if the leaving
alr tempersture ls also constant, the leav-
ing humidity ratio is conscant. So even
though the space temperature ls controlled
by vatying the flow-rate to the gpace, the
plenum air has a moisture level thar does
not vary, The moistyre in the controlled
space can =agily migrate to the dryer cetl-
ing space and therefore is seldom the prob-
lem it is with the straight VAV system.
However, this does not remove the require-
ment to design using higher air flow-rates
when the space sensible gains are low.

The user has the option Iin DOE-2.!B of set-
ting a minimum zone air flow-rate using the
ZONE-AIR keywords CFM/SQFT and AIR-CHANGES.
This would eliminate the step outlined
above of precaleularing SUPPLY-CFM  and
entering its value as input. Notice that
COOLING~CAPACITY will be recalculated by
the program and may differ frem the pro-
cedure followed above.

With the PIU system, in DOE-2.1C, 1f the
plenum temperature is not higher than the
space temperature, there is no free rehear
available and the space will be simulared
as being subeooled.

See also "Sizing Fans for VAV Systems” in
our May 1981 issue.
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TEREE-YEAR INDEX TO THE DOQE~2 USER NEWS

A regular Fall feature is the cumulative subject/title index to all articles published {n this

newsletter.
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