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ABSTRACT: Control algorithms for an absorption air conditioning system may be developed
by using dynamic models of the system. The simplified effective dynamic models, which can
predict the dynamic behaviors of the system, may help to develop effective control algorithms
for the system. In this study, control algorithms for an absorption air conditioning system
were developed by using a dynamic simulation program. A cooling water inlet temperature
control algorithm, a chilled water outlet temperature control algorithm, and a supply air tem-
perature control algorithm, were developed and analyzed. The steepest descent method was
used as an optimal algorithm. Simulation results showed energy savings and the effective
controls of an absorption air conditioning system.

Nomenclature Subscripts
C  : control signal a air
E  : error chw : chiller cooling water
G : constraint function ¢t cooling tower
J. : cost function ctrl : controller
K : gain cw - cooling tower chilled water
Q.u : hourly cooling load [kW] fan : fan
Q. : hourly cooling capacity [kW] ! + inlet
S, : search direction I : integral
T : temperature [C] o outlet '
X, : design variable P : proportional

v ¢ return

Greek symbols wb : web-bulb temperature

1. Introduction

¢, : scalar distant
In recent years, electrical demands for the
¥ Corresponding author summer have increased considerably due to the
Tel.: +82-2-910-4675; fax: +82-2-910-4839 use of air-conditioners. To reduce electrical de-
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the use of an absorption air conditioning sys-
tem for the building cooling. The use of ab-
sorption air conditioning systems may help in
leveling the electric peak demand.””

A considerable amount of researches has
been performed in the field of the absorption
air conditioning system. Among them, control
technologies applied for the absorption air con-
ditioning system have brought energy saving
features and performance enhancements.

Various simulation programs for the absorp-
tion air conditioning system have been devel-
oped for performance predictions. Goodheart et
al® developed the steady state model for a
single and a half effect absorption chiller, and
used it for chiller performance analysis. Han
and Lee® developed a dynamic simulation pro-
gram for an absorption air conditioning system
and predicted dynamic behaviors of the system.

To develop control algorithms for an air con-
ditioning system, the past researches were lim-
ited to develop control algorithms for fixed set-
points. But the current researches are mcre fo-
cused on the development of optimal control
algorithms by considering physical character-
istics and operation efficiencies of the whole
system. Braun et al? developed a dynamic
simulation program by using actual measured
data for a chiller system, and developed control
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algorithms. He showed that the developed con-
trol algorithms were more effective than the
fixed setpoint control algorithm in respect of
® studied a sub-
optimal setpoint algorithm through the simu-

lation, and applied this algorithm to a actual
)

energy conservations. Cascia

building to show its efficiencies. Han and Lee
performed research works for a full storage ice
storage system, and proposed optimal algorithms
for the system. However, the most of research
works was performed by using steady-state
models or dynamic models of the partial sys-
tem instead of the total system. The simulation
of the partial system have failed to provide the
optimal solution for the total system.

In this study, optimal control algorithms for
an absorption air conditioning system were de—
veloped by using a dynamic simulation pro-
gram. A cooling water inlet temperature con-
trol algorithm, a chilled water outlet tempera-
ture control algorithm, and a supply air tem-
perature control algorithm, were developed and
analyzed. The steepest descent method was
used as a basis of optimal algorithms.

2. Absorption air conditioning system

Figure 1 represents the schematic diagram of
an absorption air conditioning system selected

i - 9 ¥
ke o _n
] W W] O s,
oS 12 AHU H
e H
= e TTTT1TOTle
:G & s ©!
- ] 752 8L )
: T AB T T awvs |
""""""""""""" - N i AB : Absorption Chiller CT : Cooling Tower
O: 8 - i A ! Absorber CWP : Chilled Water Pump
1 B Burner HX : Brine to Air Heat Exchanger
s = U 6 : Generator BRP . Brine Pump
i C  Condenser V1V2V3 . Three Way Valve
T w 1 E : Evaporator v4 : Two Way Valve
: i AHU:. AirHandling Unit  TS1,TS2.TS3 : Temperature Sensor
_______________________________ ARF © Air Fan CL : Cooling Coil
EXD: Exhaust Damper RED : Return Damper
OSD: Outside Damper  FL : Filter
RA  Return Air BL : Boiler
HL : Heating Coil HF : Humidifier
HWF ! Heating Water Pump

Fig. 1 Absorption air conditioning system.
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for this study. As shown in this figure, the air
conditioning system was composed of an ab-
sorption chiller, a cooling tower, a variable air
volume air handling unit, and a hoiler. To sim-
ulate dynamic behaviors of an absorption air
conditioning system, dynamic models for a dou-
ble effect absorption chiller, a counterflow type
cooling tower, a variable air volume air han-
dling unit (which consists of a cooling coil, a
heating coil, ducts, dampers), and additional com-
ponents (such as three way valves, pipes, pumps,
temperature sensors, and controllers) were de-

veloped and programmed.(am

3. Control algorithms

Control algorithms for the air conditioning
system were composed of a cooling water inlet
temperature control algorithm, a chilled water
outlet temperature control algorithm, and a sup-
ply air temperature control algorithm.

To develop setpoint reset algorithms for each

control algorithm, cost functions J,(X,), con-
straint functions G ;(X}), and boundary con-

ditions were selected. Linearizing these func-
tions by Tayor series may lead to Egs. (1) and
(2).

Te(Xe) = T XD+ T(XD) 86X,
Goi(Xe) = G (XD + VG (XP)6X,<0 (1)
j= ly m

Xmin< X3+ 0Xp< X max )

In these equations, design variables X, re-
present hourly cooling water inlet temperatures
T cwix for the cooling water inlet temperature
control algorithm, hourly chilled water outlet
temperatures 7, , for the chiller water outlet
temperature control algorithm, and hourly sup-
ply air temperatures 7T,,, for the supply air
temperature control algorithm. X B denotes in-

itial values for design variables, X} ,; and

X1 max Tepresents the minimum and the max-
imum values for design variables, and X,
denotes X,— X.

Figure 2 showed the flow diagram of the
steepest descent method. X, was obtained by
minimizing the linealized cost function. Initially,
| v J (X was calculated. ¥ | v, (X was
replaced by X,. If not, the search direction S
was detérmined by the following equation.

Si == VIX)/ I vI(XD] ®

For the given X and Sj', the scalar distant
¢, was obtained from the polynomial approxi-
mation method by minimizing J,(X7+ £,S/).

X! was obtained by the following equa-

89

tion, and calculations were repeated if need-

ed.

an+l — an+ ;knskn (4)

| k=’l7.!c ]
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I
-0 ]
!

[ Select X7 l

———

[ Calculate VI (XD '

“ [V XD

no

[Sz=—vixp/iviaxpl]

Find &2 to minimize
T XE+EESD, §E50
[ =xp+easy |

I

I R+ 1 ]

[ xa==xz

Fig. 2 Steepest descent method.
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3.1 Cooling water inlet temperature control
algorithm

The cooling water inlet temperature control
system consists of a cooling tower, a three
way valve, a pump, a controller, and sensors.
Control algorithms were composed of the cool-
ing water inlet temperature setpoint reset algo-
rithm and the cooling tower three way valve
control algorithm. The former was used for
adjusting setpoints of the cooling water inlet
temperature, the latter was used for controlling
the cooling water inlet temperature to set-
points. For the setpoint reset algorithm, the
steepest descent method was used.

The cost function for the cooling tower con-
trol was selected as follows;

Jetan e = (@1 + @y Tup st as Ty 1) )
+ (@5t @6 Tun ) Towin+ @5 T

Constraint conditions, which were selected
by considering design and operating conditions
of the selected cooling tower, are expressed as
follows;

]ct/an. k < 22: < Tcwz k <40 (6)

In the above equations, @;~ag denote con-
stants obtained from manufacturer’s data, Ty
represents hourly outdoor air wet-bulb temper-
atures, and T, . represents design variables
which were calculated by the steepest descent
method.

For three way valve controls of the cooling
tower, a proportional-integral control algorithm
was used. Controller output signal C., was

calculated as follows;"”

Com = Ko E+;, [ Edt) @

where E denotes difference between the set-
point control signal and the sensor output sig-
nal, 7 the integral time ( Kp/K;), Kp the pro-
portional gain, and K; the integral gain.

3.2 Chilled water outlet temperature control
algorithm

The chilled water outlet temperature control
system consists of a chiller, a three way valve,
a pump, a controller and sensors. Control algo-
rithms were composed of the chilled water out-
let temperature setpoint reset algorithm and the
chiller capacity control algorithm. The former
was used for adjusting setpoints of the chilled
water outlet temperature, the later was used for
controlling the chilled water outlet temperature
to setpoints by chiller capacity control. For the
setpoint reset algorithm, the steepest descent
method was used.

The cost function for the chiller control was
selected as follows;

Jone = (014 52T s s+ 03T 4) @
+ (b3 + b6 T cui, ) T ohun, £+ 05 T Zrwo 1

Constraint conditions, which were determined
by considering the maximum chiller capacity
and operation conditions of a selected chiller,
are expressed as follows;

chd,k_ er,lzS 0; 0< Tchwo,kg 12 9)

In the above equations, b;~bs denote con-
stants obtained from manufacturer’'s data, &4 4
represents hourly cooling loads determined by
the cooling load estimation algorithm,(m and
T thuo, Tepresents design variables which were
calculated by the steepest descent method.

The chiller capacities were controlled by the
absorption chiller fuel supply valve. The pro-
portional-integral algorithm was used.
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3.3 Supply air temperature control algorithm

The supply air temperature control system
consists of an air handling unit, a three way
valve, a pump, a controller and sensors. Con-
trol algorithms were composed of the supply
air temperature setpoint reset algorithm and the
supply air temperature control algorithm. The
former was used for adjusting setpoints of the
supply air temperature, the latter was used to
control the supply air temperature to setpoints
by the three way valve. For the setpoint reset
algorithm, the steepest descent method was
used.

The cost function for the air handling unit
control was selected as follows;

Jaton e = 1+ 2T chuo 4+ 4 T o, ) 10
+ (3t 6T omo ) Tarnt csTo i

A constraint condition was determined by
indoor air temperature control ranges. This con-
dition may be selected as follows;

25< T o 4 <29 an

In the above equations, ¢;~cg denote con-
stants obtained from manufacturer’'s data, and
T v represents design variables which were
calculated by the steepest descent method.
algorithm
was used to control the supply air temperature
by the three way valve of the cooling coil.

control

The proportional-integral

4. Simulation results

To analyze the effectiveness of control algo-
rithms, a dynamic simulation program of an

Table 1 Data used for simulation

Unit Variable Value

a 1.493% 10°

a; 4.021%10°

as -6.161x 10!

Cooling ay —1.886x%10"
tower as 5.093x107"
ag —2.139x107"

Kp 1.500% 10°
K; 5.000% 1072

a -3.373%10°

ay 5.329% 10°

as -5229%10°

Absorption ay —2961 x 10"
chiller as —1.670%107°
ag 1.803x 1073

Kp 1.620x 10°
K; 2.000x1072
a 1.619%107!
a; —4896x107°

A a3 1.395x 10°
- ay —~2.000x107*
nandling as ~1.000x10"~*
as —1.250% 1072

Kp 1.070x 10°
K; 1.000x 1072

absorption air conditioning system was used.
In the simulation program, the whole system
was devided into three subsystems such as the
cooling water inlet temperature control system,
the chiller water outlet temperature control sys-
tem, and the supply air temperature control sys-
tem. A 450 RT double-effect absorption chiller,
a 700 RT counterflow cooling tower, and a 600
CMM variable air volume air handling unit, were
selected for the cooling simulation. Table 1
showed selected data for the simulation of the
absorption air conditioning system.

Table 2 Outside wet-bulb temperature

Time 8~9 9~10

10~11 11~12 12~13 13~14 14~15 15~16 16~17 17~18 18~19

Tupn(T) 243 235 235 22.8 24.6

24.2 24.8 23.7 235 235 24.7
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Fig. 3 Cooling load.

In the simulation, the air conditioning unit
were assumed to operate from 8:00 am to
7 :00 pm. Figure 3 and Table 2 showed the
zone cooling load and the outside wet-bulb
temperature used for the simulation.

Figure 4 showed room temperature control
results when the room temperature was set to
27TC. Simulation results from the setpoint reset
control algorithm were compared with those
from the fixed setpoint control algorithm. For
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Fig. 5 Cooling water temperature control.

the fixed setpoint control algorithm, setpoints
for cooling water inlet temperature, chiller wa-
ter outlet temperature, and supply air tempera-
ture, were assumed to be 7C, 32C, and 17T,
respectively. As shown in this figure, control
results from these algorithms were satisfactory
where control accuracies were within the 4%
error near the setpoint.

Figure 5 showed results from the cooling
water temperature control, and Fig.6 showed
the cooling tower power consumption from this
control. Simulation results from the setpoint re-
set control algorithm were compared with those
from the fixed setpoint control algorithm. For
the fixed setpoint control algorithm, the cooling
water temperature was assumed to be 32C. As
shown in these figures, temperature controls
from these algorithms were good within ac-
ceptable error ranges. But the power consump-
tion in the case of using the setpoint reset
control algorithm was 4483 kWh, whereas that
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Fig. 6 Cooling tower power consumption.
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Fig. 7 Chilled water temperature control.
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of the fixed setpoint control algorithm was
471.1 kWh. The power consumption saved by
the setpoint reset control algorithm was 4.8%.
Figure 7 showed results from the chilled wa-
ter temperature control, and Fig.8 showed ab-
sorption chiller power consumption from this
control. Control results from the setpoint reset
control algorithm were compared with those
from the fixed setpoint control algorithm. For
the fixed setpoint control algorithm, the chilled
water temperature was assumed to be 7TC. As
shown in these figures, temperature control re-
sults from these algorithms were good within
acceptable error ranges. But the power con-
sumption from the setpoint reset control algo-
rithm was 9824.8 kWh, whereas that from the
fixed setpoint control algorithm was 10635.1
kWh. The power consumption saved by the
setpoint reset control algorithm was 7.6%.
Figure 9 showed the supply air temperature
control, and Fig.10 showed the air handling
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Fig. 8 Absorption chiller power consumption.
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Fig. 9 Supply air temperature control.

unit power consumption from this control. Con-
trol results from the setpoint reset control al-
gorithm were compared with those from the
fixed setpoint control algorithm. For the fixed
setpoint control algorithm, the supply air tem-—
perature was assumed to be 17C. As shown
in these figures, temperature control results from
these algorithms were good within acceptable
error ranges. But the power consumption from
the setpoint reset control algorithm was 297.17
kWh, whereas that from the fixed setpoint con-
trol algorithm was 323.2 kWh. The power con-
sumption saved by the setpoint reset control
algorithm was 9.7%.

Figure 11 showed the total power consump-
tion of the absorption air conditioning system.
When the setpoint reset control algorithm was
applied, the power consumption was 10564.8
kWh, whereas that from the fixed setpoint con-
trol algorithm was 11429.4 kWh. The total pow—
er consumption saved by the setpoint reset
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Fig. 10 Air handling unit power consumption.
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Fig. 11 Total power consumption.
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control algorithm was 7.6%.

5. Conclusions

In this study, control algorithms for an ab-
sorption air conditioning system were developed.
Algorithms consisted of the cooling water inlet
temperature control algorithm, the chilled water
outlet temperature control algorithm, and the
supply air temperature control algorithm. To
analyze the performance of control algorithms,
dynamic simulation models were developed and
used. Simulation results showed the 7.6% total
energy saving and the stable controls of an
absorption air conditioning system. Therefore,
it may be concluded that control algorithms
developed for this study may be effectively
used for the energy savings and the effective
controls of the absorption air conditioning sys-—
tem.
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