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Itelll: DOE-2.IS 11 now the effie-ial, and 1II0It
current, vere ree of thl prolt... The
CDC veri ion 1, available for purc:h•••
froID. NTIS and, to their ug1JtuuU,
froll the National Energy serevaee
Center, Argonne ~.tloll.1 L&boratory,
Argonne, IL (312) 972-7250. The VAJ.
and IBM vtrlion. will follow .hortly.
Purch.uu of the ntW tape will
automatically receive one complete set
of ooE-2 uur doclJllentation, includina
the 2.18 updates, with their order.
Additional copiel of the documentation
may be obtained from NTIS. Plea,.
note that it 11 nov po..ible to order
individual volumel from the baaic let
of documentation. '!'he beck paae of
thia new'detur 11 a tear-OUt .heet
containing an order fora for tape. and
dOCUlllentat ion.

Itelll: All announced 1n the last illue, the
ooE-2 Eng1neerl lUnual, Vers10n 2.IA,
has nov been publ1shed. Thil volUlll!!
",,111 be updated aOllletillle next yeaT, to
incorporate both DOE-2.a and DOE-2.IC
material. In anticipation, however,
of an illlllll!dhte interest in the new
daylight1ng routinel, ..e have produced
a separate interim report, entitled
Day11ght1ng Calculation in roe-a,
LBl.-11353 011.2.9 only). A 111111'"
1\Ulllber of coptee 4re available rca
thi. office. Plull!!. sublllit your
reque s t in loITiting to tha addre ..
above.

Canad1an and eve ree ae ueers of 00!-2 ""ill
eepec1ally benefit from the lIIetric option
which haa been introduced into the new version
of the proat... American uu.u with foreign
cliente call. alao _ke us. of the feature. Due
to the fleltibil1ty of the code, output units
e re independent of input. Therefore, input
decka elllployina the Engl1lh unit aystelll can be
uled to produce metric output, and vice versa.
Additionally, input and output unite can be
switched back and forth at all levels of the
prograllh Thua: one could have, for example,
tOADS in En8Uah unitl and SYSTEMS in metric
unita. Pleaee refer to tha ooE-2 Supplement,
Verdon 2.U, for a full diacu..ion of the
lIIetric option.

There ara leveral illlportant guidel1nu to
follow when preparing a ee t r t e input/output
deck.

e The new k.eyword. that invoke the metric
option, INPtJ'I- Ind OL'TPUT-UN!TS .. !'!ErRIC,
IIIUlt be. enured under the ISPUT e ceaand at
the beainnina of each subprogram. Other­
wise, the dOWTIatrealll programs will default
blck to ENGLISH.

• The uaa of libraries il aubject to eer t afn
natriction.. l)!ha ooE-2 Preaaae=bled
Library .of _teriale and layers cannot be
Iccel.ed if the LOADS subprogram il input in
lIIetric units. 2) User-ere.ted libraries may
contain only one type of unitl. And 3) a
library created in ona unit-system cannot be
uald. of cour.e, in a production run employ­
ing the other aystelll.

• Hany eltper1enced uura of the scheduling
C01lllllanda _y have all but forgotten the
nistence of the keyworda HOlllS and VALL"'ES
in tha DAY-SCHEDlT1.! cOllllD4lnd. But their
presellce becomes signifitant when prepar1ng
a Ichedule that definee I temperature ill a
metric input deck. Specifically, the VAlL~S

keyword IIlUlt be replaced by the metric key­
word TEMPERATURES (abbreviated, T~P) to
alert BOt to the fact that the value entered
11 exprelled ill. 0 Cel.iu.. For example:

DAYI .. D-SCB HOURS· (1,24) TEMP· (21)

The reporting of telllperature-related data
w1.11 be meaningle.. if thia keyvord is
neglected. Obvioualy, thi. requirement

(Colltinued on back page)
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ELEVATED SUPpLY AIR TEMPERATURES paR VAV SYSTEMS

Let'l allo allWlle that the building lenai­
ble coo11ng load 11 100,000 Btu/I'll': therefore
00£-2 10'111 calculate a lupply air flow-rate as
followl:

Whereas what we really want il a aupply air
flow-rate based on COOL-S£T-r, 10 that if the
KAX-HUMIDITY exceed. 60%, the lupply air tem­
perature will be depressed to HIN-SUPPLY-T for
additional moilture relllovil. To accolllplish
thil, we IlUlt force t:he Iyltelll supply air
flow-rate to the vllue we del1re by first cal­
culating the correct 11IIount by hand and then
entering this value ulin& the keyword SUPPLY­
CFl<.

1.08* ( <DESIGN-COOL-T> -OlIN-SUPPLY-T»

100000
SCFM - 1 08 * (78 - 60)

• 7123CFH

• 5144CFM

100000

100000
1.08 • (78 - 65)

,
SCFl<

SCFM -

Over the past few months, we have had a
number of inquiries from DOE-2 user. ~on~erning

the best approach for modelling elevated Supply
Air Teepe t a t ures (SAT) of 60 to 650F on VAV
systelllS. The engineers indicate to us that
rlVAC designers face new problems because of
increased air flow-rates and the alsociated
increased fan energy. If we look at the prob­
lem closely, we can see that ve really need to
bring our air flow-rates back up to the levels
that we used to conlider normal prior to our
high e f f LcIe nc y l1&hting syatem., better Ilu­
ing methods, and high room temperature let­
points. These combined energy-.aving methoda
can result in reduced indoor air quality vith
duign air flow-rates of leu than .5 CFM/aqft
at 55°F supply air temperatures.

Since such low peak flow-rate. fall below
minimum acceptable levels. the firat mOve is to
elevate the supply air temperature. Higher
SATs increase the air flow-rate, aseueing the
room temperature (RMT) remains cens eane at
78°f, a5 shown in the following relationship:

AIRfLOW SENSIBLE HEAT GAIN
1.08 * (RMT - SAT)

SUPPLY-CFM • 7123

Host VAV supply fans are located down,tream
of the coeLt ng coih (i.e., FAN-PLACDlENT ­
DRAW-TIUl.OL:GH), so that SAT. Coll Leaving Air
Temperature + Fan Heat. Therefore, if the
user's SAT is not elevated above, say, 600F and
fan heat is -,OF, then the cooling coil leaving
air temperature is _56 0F DB and 540r WB. This
gives us '" Humidity Ratio (il') of -.0086 lb
moisture/lb dry air which ia sufficient to hold
an acceptable space relative humidity of 50% RH
at peak design loads, even though they may rile
to 60: RH under conditionl lesl than peak.

Now, however, if we elevate the SAT to 6SoF
(and fan heat 11 40F), we have a co11 leaving
air temperature 161 0 DB and 59°F WB. This
results in a 101 •• 0104 lb 1II0isture/lb dry air
and a space RH of 58% at peak delign load., but
exceeds 60% RH under conditionl leiS than peak.
Since ASHRAE STD 90 allowl hlmlidity control to
prevent space relative hUlllidities above 60%,
the question is: ''What are the DOE-2 options
for 1II0delling hl.llllidity control when we have
elevated auppLy air temperatures to _lntain
acceptable air flow-rltelt"

For our bale cale. let'l take I VAVS Iyltelll
with just the foll01o'1ng inputs:

The next conlideration is whether we delire
reheat to lIIaintain the COOL-SE!-r • 65 when the
SAT il depreaaed by the KA,X-HUMIDITY - 60
lilllit. If 10, we Ilso need to input HEAT-SET-T
• 65 which aiiowl the limulation of reheat by
the air hind ling unit reheat coil.

If a Packaled VAV Unit wal ee Iec ted , with
SYSTDl-TYPE - PVAVS, we can energize condenser
recovery for rehelt by entering under SYSTD!­
EQUIPKENT the keyword MAX-COND-RCVRY ••8. TVo
other keyworde, HIN-UNLOAD-RATIO wi th a value
of .5, and MIN-RGI-RATIO with a value of .1,
are optionel but advisable, since Hot Gil
Bypeee i. the normal eet-up whenever condenler
heat: il recovered.

TVo other optionl for eleveted SATI Ire
aVlilsble to the DOE-2 ueer , The firlt is to
ruet the lupply IiI' 81 a function of outeide
air telllperature. The necellary keywordl are al
followl:

DESICN-COOL-! • 78
COOL-CONTROL - RESET
HIN-SUPPLY~! - 60
MAX-HUMIDITY • 60
SUPPLY-CFM - 7123
COOL-RESEr-SCH • R-SET

A schedule that: would be appropriate for i-SET
might be:DESIGN-COOL-T • 78

COOL-CONTROL - CONSTA!i'T
COOL-SET-r • 65
~IS-SUPPLY-T - 60
~-HUMIDITY • 60

f,~

ZONE-CON'I'ROL

f,~

SYSTEM-CONTlOL

il • DAY-RESE!~SCH

SUPPLY-HI • 70
OUTSIDE-La. 70

SUPPLY-LO • 65
OllTSIDE-HI - 90

R-SET - SCHEDULE !KRU DlC ]1 (ALL) it
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Given this input, if ~-HU!1IOrry exceed.
60% RR, the reur schedule would be overridden
and the cooling coil leaving air t eape ea ture
depruled to HIN-SUPPLY-T .. 60. However, if
HEAT-SET-r • 6S 11 input, the SAT, .. rl!SH by
the echedul e R-SET, 101111 again be maintained
using reheat and the ccd L having air tempera­
ture will be -56°F.

The second option 11 to use a "discrilllina­
ece'' con t rcI to let the lupply air temperature
to ucidy the cooling r equt reeeet e of the
"ve ree s t ' zone. which by definition would IIIl1re

than satisfy all other eene cooling IO<ld.. The
correct input 1n thil cale 18:

OESIGN-eOOL-T • 78
CQOL-CONTROL WARMEST
MIN-SUPPLY-T • 60
~-HL~IDITY .. 60
SUPPLY-CFM • 7123

Given ehb input, if MAX-Hl'MIDITY exceed, 60%
RH, the discriminator would be overridden and
the cooling coil leaving air temperature
depressed to ~IS-SUPPt.y-! • 60. However, if
HEAt-SEt-! • 65 11 input, the SA! .. re.et by
the discriminator would be maintained ul1ng
reheat. Sotice that in all caua if rehellt il
locked out either by a H!..AIING-SCHEDUL! or by
failure to Input the HEAt-SET-! keyword, roe-a
will simulate .ubcooling in the space once the
VAV bOll hu reached itl minimum stop, a. input
by the keyo,JOrd MIN-eFK-RAtIO.

In the near future, we 101111 be adding, at
the OOE-2.1C level, yet another sy.telll type.
the PlU (for Powered Induction Unit) which the
user can employ to increase zone air flow­
rates. '''ith this syltem the SA! to the space
Is elevated by inducing 1979 GPM from the ceil­
ing plenum. mixing it with 5144 CPM of supply
air from the air handler. and thu. producinl
the desired total flow-rate of 7123 CPM used in
the previous discu.sion.. However, ill thi.
case, the cooling coil leaving air temperature
can reea rn at 560, and, thua, remove the
required moisture so that the space hUllidity
never exceeds the 60% RH limit. In effect. the
reheat comes froll the ceiling plenUll free of
charge.

To sophisticated de.ignera, theae d1lcua­
sions may appear simplistic. We vtah to assure
them that \it! too are cognizant of the many
changu in the relationahipa between tempera­
tures and flow-ratea in actual VAV 'yltem.
operations; DQE-2 .imulation of VAV systeml and
their response to sen,ible space loada takea
into account such real_orld complellities. For
example,

1) The cooling coil leaving air temperature il
depressed by the controller 'a It
approaches the bot tOll of ita throttling
range which naturally result. in increased
moisture reacvaj , Just the reverse Is true
as sensible loads increase.

-,-
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2) As the flow-rate at the cooling coll
dec reeee e , the leaving hUlllidity ratio is
further deprelled since there is be t t e r
contact of the air with the co11 fin sur­
fae-e. 00£-2 limulatea this with a linear
curve labelled COIL-BF-FCFM.

3) Fan hut AT decreuea aa the fan flow-rate
deereale'i therefore the cooling coil leav­
ing air temperatura increaael because the
controller location il 'imulated a. being
dawnltrelUll of the supply fan.

4) Aa tha flow-rata to the space dec reeeee ,
the 'pace humidity ratio incnaael if the
1Il0ilture lain in tha space il a c cnat.an t ,

Except for auditoriuml, e re , , mOlt of the
latent load on a system comel frolll the out­
,ide air rather than frolll within the build­
ing. Therefore a VAV tYltem often can do a
rea.onable job of holdinl!l the r eLa t Lve
humidity V1thout reheat.

5) Since the peak latent loadl nOnDally coin­
cide with the peak senl1ble load., a VAV
Syltelll often operates quite well without
reheat; what 11ttle apace subcoolinl that
doel occur, especially when the SA! is
e Leva t ed , 1s not objectionable. Granted,
the ASHRAE S!tl 90 coo11ng setpoint of 780F

i. ignored by many building occupanta.

6) Tha othar SYSTEM-TYPEI bes1du VAVS and
PVAVS to which thie entire dilcuuion
appl1u are the Celling Bypaas-VAV (CaVA"')
and the Ceiling Induction (SZCI) systemS.
CaVA'" hal a characteristic that should not
go unmentioned. The flow-rata at the fan
and coil il ccnae ane , and if tha leaving
air temperature il allo ccea eane , the leav­
ing hl.llllidity ratio 11 eeeaeaae , So even
though tha space temperature il controlled
by varying tha flow-rate to the space, the
plenWl air hal a !lloiatura level thar. dou
not vary. The 1II0istura in the controlled
apace can ealily migrate to the dryer ceil­
ing space and therefore is leldom the prob­
lem it 11 with the straight VAV system.
However. thil does not remove the require­
ment to delign using higher air flow-rateS
when tha space sensible gains are low.

7) The uler has the option in DOE-2.1B of set­
ting a minimUlll zone air flow-rate using the
ZONE-AIR keywordl CPM/SQFT and AIR-eHANGES.
!hil would eliminate the step outlined
abova of precalculating SUPPLY-Cnt and
entering itl value aa input. Sotice that
COOL!NG-<:APACITY will be recalculated by
the program and tilly differ from the pro­
cedure followed above.

8) \,lith the PIU syetem, in DOE-Z.IC, if the
plenws temperature 11 not higher than the
space temperature, there is no free reheat
ave Ll abl e and the space will be simulated
al being subcooled.

See also "Sizing Fana for YAV SYSr.elllS" Ln
our ~y 1981 iasue.
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