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Type 21
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Type 2
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Type 52
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Program

Fan or Pump

Duct or Pipe

Inlet Duct or Pipe

Flow Merge

Damper or Valve

Flow Split

Temperature Sensor

Proportional— Integral Controller
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Actuator
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(Simple)
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Flow Balance Control

High or Low Limit Controller
‘Grounded’ Flow Split
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Steam to Air Heat Exchanger
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Zone Model

Weather Input

€ 2z gule 249& A
$=eol Eof Aok Hill Yo} 2p4e 4
= FEE, AWdE L Hdg 58
3 H e T dREES oln

E ARgEtt o Helx o2
7P 8ARDES o AbgAEe] AwE

1 ARgAell Al HVACSIM * &
Bl dole olgg XA e

7. HE AR HE29 AlEH0iM

vl Maryland & Gaithersburg 22 g
NIST @xie] = 1159 AR g AL
Algdlolde] oz Agith o ¥Wie A
€0l 497m, % 15meolx ZA°|7} 67m )
) o] SFINETFTZEL 3] HdH
29 Reg 3 ety Aad fElgew
=214 stk EF 9 BZFo) ulgdo] 9
A GFvlE YAt 2aHE 15 IF
F7IHEE ¥oiFa gtk

7zt Fo nlggols 86TmPolm HAEo)
< 3 1lmolch M7l oojdERFHol 23
AMEE 11 Z7xE 2a Ut FFF719
ool wel Age vrRle]  ALgTY
oA a gl FEEE FEEH
A AR e Ag & F9or
=07t}

AHU = 35378, dHAFd, 9, &
371, dd=zd, A=9y Y43d, §E 1
g3 REAFAR o] R e}, T
7 WA etE AATYe s FHHT
AT o] ABFrIdE e Fye FVIgA
N2 ZAEAY gA S GHEAVZ A
oAt APEFAE Aslue P9 A
< FHY FNgA AN =2 Fha Ak
A5, Azxed a8ln A AE Ao (DDC)
£ #3te ool AME odJHEY Al2H
o] 7} 840 RASY T olE AAME mult-
iplexer (MUX)ell 9483l o] MUXE th
field intelligence device (FID)<| @5}
zZk o ojdiEeio] FID7F dd"m dAe
FIDE F4A &Y (CCU) Ad=n 3l
o CCU = &hte] vy Feolt), Figde

A



. West North Soulh Ensl
e foor 1 1 v [T "“ mh u R
weh = | H -
ot 90 [ o M =

8ih

-
k- Tth —j | bt fod } 1o
-

8th = e I~ ot b o

e BRI o4 k--. H 3

= 41h ps [od - 1t
™ I - 1 1 1 H -
e 2nd P 208 - 2nd - 2nd
7 S, W ) (- N
ot} LA Ve
EA-3 EA-4 EA-8 EA-§

AHU3 AHU4 AHUS AHUS

Fig.4 Air Distribution System of NIST
office Building

NIST AH#g Wdel F718wmrade 5o
F3 sleh

7.1 AlE# 0|9 Zio|st

o] WAl 28lo] HVACSIM © =& 13
g HE3A AlEFH A st Qo= F
grE Q] 7iolate}l hge] FHastch =@
2 AFe AR dF Aol A A st
of 3 slefol o}, FFE doiME HF
geo] A4 tn dH/EH AR FoF #
A7t Ak, Al ol gAA el 9
zrolglslg o ol A FF (Y
stz o] =& diziel AHUZ}
w3k Aefel wiebaA Wl sl
o 4 92 6.35eme &
22 Zrage 2 =gioiy 7}
Ak i@ EHANA v /109 3

717F 2z} Fol FgEE 1z vtz /Véﬂ%‘:}.
T3 BAE 2t o ded Al Sk

| TR 2o Ay
Bl 37 $&td

-

[‘lf

i m[o
T
[o

N

o ofi ' Az

fu

T 1
o 4 HE

32

off o L 4 of ~ K
o oy 1R ol o Hu
fz
T

RAM- HRLTE L2048 $£ 6% (1991)/385

SSSSSSSISISINNY 3 TSNS
™ o o N o
W~ 2 ] z W
N "N N N
- w
- ] N
R N § & \\.
! 28 | :\
= [ N
aN & - N 3 \4’- i\
2 z \
= 3 > N €
3] = . N 8 \ t
NG 3 VN2
N * N * N
i \
y H
€ N <
5
Il : : Nz, 2N
Lsd [
HI| S B T 022 LN
N _g\‘
% e ", N N
e e ‘\\ N
fl §x P N
- [

N N \H
i |
= = N

\b—'—' "= 5 Ed \

N .

< el

- « e 5 A

| LER N

$ E.. N

N R i N2 N
AN SN AN N AN N 2z A ~

Fig.5 Simplitied building zones of a typical
floor

FE/1R% AFASE AN gAY
w9} $ENE PoUY. Be FzE )
9t 2E WAy, felE, 2l
W ow o wEE SPE)e shbe] Ewlol
S55 WD, Fig.5E dn 3o olshA
7 WEF e wel Aol

B 2L fjo ok

7.2 mEol A

NIST®] AMF-& A& 5d& AF3] A
st AAZ ZHE 7GR EE AHESH A
B ol S FPstth o] A o
Nex, 58, 5, oW FHYEEAA
59 HAXNE sk i 2HolA

2 AEASHY FAHELFS AR
A A= NIST o AspH s ol 7158 AMd
Eo] 7zt Zo EEHO de HHE /T
= 3%

AEA g oA
o}z sjoi o} Qe
old 9F FFF7IA 2L FHATVIHE T
ZA7l 3 Yl daAlzie] B ol F
2AAZ1th 2 AHUONA 9] A& E3]H oA

o Ahgg  AojaTlg S
g/ A Aot FEel&



386/

25E o YZzdel ek F714 &
EEggr7l 94z dWBE ™3l o 4
Ztzdo) Zgdd, Frigkd F2EE=7T W
AW B E zH3led o] dAzd¥EE
3 4= (chilled water) ¢ #3-& ZHgch
Wz ddB g Aojstes 7YY EER
gele] AP 7o Wi oste
AR5t 98] AHdA ~AlFe o
&3 @y FYexrt 253 CHRT Fow
Zezged e FFFVILEE 55T
of Eth FHRV|ewr 24.2CHT WY
dols 4448e 145CT2 a9t 7Yex
7F A% 2 Egte] F0el U dele 79
5o AxgsaAE dgHe Al
Al g8 ol oA 7hagt AFenr ofmen}
ol EFE AHEElA WAHE AlostH )
QAT exr} 167CHY =AY EE 55
THY 4 de= dHE ooz dofF
I F71e=7F 145T e 16.7C Alelal 9l

ZONE AIR TEMPERATURE
ZONE 3 (AHU 3)

SUPPLY AIR TEMPERATURE

RETURN AIR TEMPERATURE
AHU 3

°
TT T T TT T Ty Iy LNRIRLJNS O /< DL L BN LR | LR BN |
, .

-
!
20
15~
1ol
5 —_— Simulotion
sk e Enparimant
P S T S TN T [ WU N SV T
> 6 12 18 24 30 38 42 48 54 80 68 72

TIME (HOURS)

Fig.6 Air temperatures of AHU, 3 and
Zone 3

o A9 E HPFgo g JolFUch AW, 9
7=} 5.5ColdoA 145THT Yon
HHE dolFe Aol drlexe dxargrd
A= AT

e AlEHoAE Tt A@SAHAH
o} AlEdE ol AFAs wlwslgch AlEd ol
A BEdol do2 de g o 4HAsE
FRsFeng AEggolds AdZ sl H
<3ld d7bA] AlEE ol & WHE-3ld o). Fig.
68 AHU 39 &3 ZAFA} 39 AE
ol Axg HmF AHolth Fig.7ellA=
Mol AHU® FH3F7Iexe AlE#Hold
=4 A9g Hmwd Aol

1.3 &/H Mo2t AL2HAIEH A

AFAle AHESE AlE#H ol RE S AMS
A TR Alo]a7|del 23 Al A
22 Hl walg o WYEC (Wether Year for
Energy Calculation) H| %} © 2 B& Washing-

SUPPFLY AIR TEMPERATURE
AHU 3

»
Q
TTT I TT

AHU 4

AHU 8

T

AHU @8

= _— Simuiation
------ Experiment
oltl o & 2 Lo 1 2 bt 1y 1 st 3 ) g 13 | 3
& 12 18 24 30 38 42 48 84 €0 86 72

TIME (HOURS)

Fig.T Supply Air Temperatures of air
handling units



ton, DC. 9] 7]4A8 & L A ch & A
d(3EdA 107D FolA midel o x
Hel at7g AAsA T A4xs8 s Lasl
+d& Nall, Arens @ Flynn®®’ 8-S A}
4313} Fig.82 Fr1xle) #Aoja71d S A}
43S o W AHU S Y 2tmdst o] 4
H g oA & B Fo ok /A Ao
oA ZHEA 7R o}F 6 AloA 9% 6 Al 7R
ojlth dA&do] M/A Aojrt A g
ANAAE 4~a3tm glgo] BAHT o)

7.4 ORIHOA AlEHOIM

okt o] whE oA Aulwrg AW u
ghok obztsolg e 97 LAl A Arstel @
A6 Ae] 2k o) HelgAel# Felji= )
AR E A7ET We dEeow 4EA)
W Yz Eas wgth HogAlsh wol
oA g wel oA 2% uag Fig
9o mAFm glvk W2mAel LA
AN LF 6A7A T Holy Aol
o) #8082 Bl YAmLe oy}
Y s RS B 4 A g el 4w
s ddare ARdom Holgad o
At duAst § ArEgY. oad
otsio14 & NIST o] AMF& wWae| HVAC
Alzdo] FgAlzickd oA dero] A
getn 2 4 U,

8. ol=dlojH/ HAH

1983~1984'd Alelo] EMCSelM = H=x
gty Holxl& Bl A-FA9 emulator/tester
& stgl o

HZol & FANAR 7] (IEA) Annex 17
AA3] o} 3o A B/ H
2B & /fEFe] vl NIST emulator/tes-
ter & Fig.l0oA RoFi= uiel go] 28
# 5/ A oAl 2# (data acquisition/ control
system), DACS ¢} %709 386 % 7jelg A
FEHE AHgsn o 79 #AFEF st
A= HVACSIM® Z23d -2 29 HolH
AL flsld 533 dele] 845 Akgs}

ZERFA- B

T $20% =63 (1991)/387

BNZRCT USZD BY COILS AND PANS (URITaBS)

1200

nr irz 131 JER L a9 5T ocT

Cooltng cafla 1k slart/atop cestral
Coollng catle »lth costinuses eperation
Tase wilh starl/etep aantre}

Tass *ith coatinmeus operstien

Fig.8 Ene
and

rgy consumptions by cooling coils
fans

ENERCT SED DT COILS ANB FANS
ONPEE START/STOP CONTAOL (UNIT=RI)

ane ny ELl i ARG str ocT

Coaling colln vithewt purging
Toelivg colin vith purging
Fany vithout pergisg

Fans vilk pargisg

Fig.9 Energy consumptions by cooling coils

and

RS2:

fans with and without purging cycle

o] [~
LAN [ vacsim*

Driver

I

a2 | 20MHzPC

DACS
IN louT|

Fig.10

i CH I o |

The NIST emulator/ tester



388/

3 3tk o] Fortran Types F%®2 CA
o2 A FrElE RErE St

HAVCSIM* =238 W/ HVAC Al 28
£ real time .2 Al & ojA siETE EMCS
o} HAVCSIM®* Alelo] <Qlgjslo]xg 77}
T AZEHAE AMREta o, EMCS H
od 2 88 DACS Eloje7ixl= Zbzie] Ad
o] T/l Ao 2 AZAFHY gz DACS &
SlElHlo)l A AZEHE B8 A HFEH
Alol = RS-232#AlclEx dAHa vk F
756 772 LAN(Local Area Network)o.E
dd=E1 Ak

o] ol Edele]/ HAE = real time o2 Y
da AR E A Bl 51 EMCSY]
AlA e} AFofolE] thale] EMCSH &y 4
AEo. 32H EMCS = 4AA wddAel 2
o] AlEdeld B HELE Aojslu F}HoR
= A g olg /el A7 EMCSe A5 & &
A8}, NISTY o Bl olH/ Hl2E Vg 9
=+2] Oxford thatell M 7l aat o) &z olEl/ H
2B = HVACSIM* =238 S Algsln
M2 goj M= TRNSYS 2388 359 o
EdolE/H 2o ALAT T e FHe=
da At

8.1 OolEao|E/EHAEHS &l

AEFHlH/HAE AFY BEIAHE ol
&17] 94sle], EMCS & o Ed# olel/ H 8ol
AA2sE A4 ANFAA AFF| LE AL
Al gHold e A$E vlasido A EE

Return fan

c::> Planum air
e |55
controt

coll &xwﬂhn‘ Duct Plenum

—} Froan air @ WE
.L—EHMM Zone VAV‘_
i control control ——+ Leakage
E __....—_..——l

Hot water
* boiler

Fig.11 The Collins building system model
simplified by NIST

olMutS 3 A9+ EMCSH Y& Aojgdz
2]%&< Fortrano & 3 &ke] HVACSIM*

zzade) § SoEYe TR AT A

Rg ude) mde FAsh] Asel ALgs

4t} o] W rd 2 Politecnico di Torino
oA At Ao gX NISTolA tAashAl#
t}, Fig.11& o] 71434171 Collins YAl
28 7S BoFy gl

AqEF ole & dtedl SlolM mE FEZ
o] FLE S AlEHold 2O
A A7l 31 AFE Aoigua]FE& EMCS o
2] (coding) 3tdth. EMCSe PIDEE=R
& o v ETEZ o] F9HLE A &
¢t} HVACSIM® =2 38 %o A EH
ol AzktAL 0. 1x2, W HPAzD
A& 522 s th AlE o4l real time
Bl wE o & real timed ola wiziAl
Z1tel A &tk Fig. 12 ogdayduno)
AolazE Al EH ol ol EYelHe] AT
2 "lwstgth Fig. Bl e 344 <y
A AL RSy o dIzdd I+
71 2Ejd F7Ilol o) dted A ofjid

PHC-CTL

o % Simuiatfion

P X Emulat|fion

o 800 1000 1800 2000 2300 3000 3500 4000 4880
Time (min)

Fig.12 The preheat coil volve control signals



Emuiation and Simuiation
Totl Egergy Consumption for 3 days

10 —
9k
3
7k
ga st
3 ., sk
P& L
=
3
24
L
0‘ PHC SA~FAN " RA-FAN
B ecutsion P simuintion
Fig.13 The total energy consumption for three

days. PHC denotes the preheat coil,
SA-FAN the supply air fan, and
RA- FAN the return air fon

X]E}' A]%alolﬁﬂ 0“%?}"0]/80] }\c}‘:o"é_] E_

Atte Ae 2 % o
9. WS W

AE, HVAC Al A" g1 o) & Ao}
A28 AlEFold sl7l 9% =24
HVACSIM™* =2 78| ojsle] Mo st
o] xzaW & AFE Tol7] wi Bl Abg
Aol Al HelshAl ®3 A= lu) window &
U] mouse 9 AhgolEtelx] ekl zefH
gaZgold & = A wEHo 7 ¥
of Q7] w ol A FELLS /KA 3l
o}, o EYole/HAENM AL, 744 &
2 agmn AME AEdolA sl F3u 9l
o}, ojw g E-folw 7kl ARE-A}E
oJEA Apgstitel wel 2 Al vehd
Ae FA 9 Atdelgls RS Hxdtn

ch

ol A &

B r

# 11 & 3

1. Klein, S.A,, et al, 1983 “TRANSYSS,
A Transient System Simulation Program™,
Report 38-12, University of Wisconsin,
Dec.

2. Kelly, G.E., Park, C. Clark, D.R., and
May, W.E., 1984 “HVACSIM*, A Dynamic

ZERFAM HEIE £204% £6 5% (1991)/389

10.

11.

. Hill, C.R,,

Building/HVAC/Control Systems Simula-
tion Program”, Proc. of Workshop on
HVAC Controls Modeling & Simulation,
Georgia Inst, of Tech., Atlanta,

1984 “Simulation Techniques
for Building Systems”, Proc. of Workshop
on HVAC Controls Modeling of Simula-
tion, Georgia Inst. of Tech., Atlanta,

Hill, C.R., 1985 “Simulation of a Multi-
zone Air Handler,” ASRAE Trans., Vol
91, Part 1.

. Clark, D.R:, Hurley, C.W,, and Hill, C.R,,

1985 “Dynamic Models for Hvac System
Components”, ASHRAE Trans., Vol. 91,
Part 1, 1985.

. Clark, D.R., 1985 “HVACSIM' Building

Systems and Equipment Simulation Pro-
gram  Reference Manual”, NBSIR 84-
2996, NBS.

Clark, D.R., and May, W.B., 1985 “HVAC-
sim*t Building Systems and Equipment
Guide”,

Simulation  Program: User’s

NBSIR 85-3243, NBS.

. Park, C., Clark, D.R., and Kelly, G.E,,

1986 “HVACSIM? Building Systems and
Equipment Simulation Program: Building
Land Calculation”, NBSIR 86-3331, NBS.

. Park, C., Clark, D.R. and Kelly, G.E,

1981 “An Overview of HVACSIM*, A
Dynamic Building/HVAC/Control Systems
Simulation Program”, 1st Annual Building
Epergy Simulation Conference, Seattle,
WA.

Park, C., Bushby, S.T., and Kelly, G.E.,
1989 “Simulation of a Large Office Build-
ing System Using the HVACSIM' Pro-
gram ’, ASHRAE Trans., Vol. 95, Part 1.
Kelly, G.E., Park, C., and Barnett, J.P.,
1991 “Using Emulator/Tester for Commis-
sioning EMCS Software, Operator Training,
Algorithm Development, and Tuning Local
Control Loops”, ASHRAE Trans., Vol
97, Part 1.



390/

12. Walton, G.N,,

13.

14.

15.

16.

17.

18.

19.

1983 “Thermal Analysis
Research Program Reference Manual”,
NBSIR 83-2655, NBS.

Hiebert, K.L., 1982 “An Evaluation of
Mathematical Software that Solves Systems
of Nonlinear equations”, ACM Trans.
Math. Software, Vol. 8, No. 1.

Powell, M.J.D., 1970 “A Hybrid Method
for Nonlinear Equations”, in Numerical
Methods for Nonlinear Algebraic Equa-
tions, Edited by P. Rabinowitz, Gordon
and Breach, London.

Brayton, R.K., Gustavson, F.G., and
Hachtel, G.D., 1972 “A New Efficient
Algorithm for Solving Differential-Alge-
braic Systems Using Implicit Backward
Differential Formulas”, Proc. IEEF Vol.
60, No. 1.

Gear, C.W, 1971 “The Automatic Inte-
gration of Ordinary Differential Equa-
tions”, Comm. ACM. Vol. 14.
Nordsieck, A., 1962 “On
Integration of Ordinary Differential Equa-
tions”, Math. Comp., Vol. 16.

Ferziger, J.H., 1981 Numerical Methods
for Engineering Application, John Wiley.
Kusda, T., 1976 “NBSLD, The Computer
Program for Heating and Cooling Loads
in Building, BSS 69, NBS

Numerical

20.

21.

22.

23.

24,

25.

Kusuda, T., 1969 “Thermal Response
Factors for Multilayer Structure of Various
Heat Conduction ASHRAE
Trans. Vol. 75.

Hittle, D.C., 1981 *“Calculating Building
Heating and Cooling Loads Using the
Frequency Response of Multilayered
Slats’, Report CERL-TM-E-169, Construc-
tion Engineering Research Lab., Cham-

Systems”,

paign, IL.

Nall, D.H., Arens, E.A., and Flynn, L.E.,
1981 “‘Abbreviation oif Climate Data for
Building Thermal Analysis Programs Using
Representation Samples of Various Leng-
ths”’, ASHRAE Trans., Vol. 87, Part 1.
May, W.B, and Park, C., 1985 “Building
Emulation Computer Program for Testing

of Energy Measurement and Control
Systems Algorithms”, NBSIR 85-3291,
NBS.

Haeves, P., et al., 1991 “Use of a Building
Emulator to Evaluate Techniques for
Improved Commissioning and Control of
HVAC Systems”, ASHRAE Trans., Vol.
97, Part 1.

Liebecq, G.A., Nusgens, P.J., and Wang,
S., 1991 “Technical Aspects of the Design
of an Emulator for Building Energy Mana-
gement Systems”, ASHRAE Trans., Vol

97, Part 1.



