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Abstract

This paper presents the air temperature analysis and control improvement for the experimental hall at
the Taiwan Light Source (TLS). The inner and outer diameters and height of the donut-shaped
experimental hall are 29m, 80m and 11.7m, respectively. Total seventy-two temperature sensors are
installed in this zone, where sixty sensors are installed along the beamlines to on-line record the air
temperature history. Because more and more experimental apparatuses were installed in the
experimental hall, the cooling capacity of the air-conditioning (AC) system became insufficient for both
experimental thermal requirements and human comfort. The temporal temperature variation may be
more than 2 degree C in one day. The spatial temperature difference is also about 2 degree C. To cope
with those problems, a computational fluid dynamics (CFD) code is applied to simulate the 3-
dimensional temperature distribution in the experimental hall. The AC cooling capacity had also been
increased accordingly to improve the temperature control in the experimental hall last year.

1. Introduction

According to the study of utility effects on the beam stability, thermal effect is the most critical
mechanical factor affecting the beam stability[1][2]. The TLS has made a serious of improvements on
the air temperature control for the storage ring. Computational Fluid Dynamics (CFD) technique was
applied on the simulation for the air-cooling magnet lattice girder [3]. Mini environment control
technique for the elliptical polarization undulator was implemented [4]. The air temperature control for
the storage ring tunnel was improved in 2003 [5] and the temperature distribution and the flow field was
numerically simulated in 2005 [6]. The air temperature variation in the storage ring tunnel is globally
controlled within + 0.1°C currently.

However, the cooling capacity of the storage experimental hall was decrease due to improvement in the
AC system of the storage ring tunnel. Formerly, there were total four identical air handling units (AHU)
serving for two main areas of the storage ring building, i.e., the storage ring tunnel and the experimental
hall. The AC systems of these two areas were decoupled and each area was then supplied by two
identical AHUs in the AC system modification in 2003[5]. Because the cooling space of the
experimental hall is much larger than that of the storage tunnel, the cooling capacity of the storage ring
tunnel was increased but that of the experimental hall was decrease. Furthermore, more and more
equipment and experimental apparatus, including one cryogenics flat and some protein beamlines, were
added in the experimental hall to perform some research of state of the art. At the end of 2005, there are
thirty beamlines and seventy end-stations located in the experimental hall. Those new added cooling
loads worsen the insufficiency of the cooling capacity for the experimental hall. On the other hand, the
experimental stability requirements are more critical then ever. To cope with this AC issue, we
conducted some measurements and performed CFD technique to analysis the AC system of the
experimental hall [7]. The results verified the insufficient cooling capacity and proposed AC
improvement plan. We had accomplished the AC improvement project at the end of 2005.
Measurements and numerical simulation of the improved AC system in the experimental hall were
conducted.



Air Conditioning System Improvement

The abovementioned AC system improvement of the experimental hall was implemented by increased
the cooling capacity. Two new AHUs were installed to replace the old ones. Specifications of the old
and new AHU s are list in the Table 1. The cooling capacity was increased more than tow times.

Table 1: Specifications of the old and new AHUs for the experimental hall

Air flow Fan(RPM) | Fan static pressure | Motor(HP) | Cooling water heat
(cfm) (in WQG) exchange area (ft%)
Old AHU 12800 1962 3.5 20 26.9
New AHU | 30000 914 3.5 30 40.4

Measurement Apparatus and Data Acquisition System

Utility Archive System

We had developed a utility archive system to on line monitor many kinds of utility parameters.
Although each of the utility subsystem, such as the electrical power system, cooling water system, AC
system etc. is equipped with its own system and optimal control logic and completed control system,
the utility archive system still successfully integrates all the subsystems.

The utility archive system is a integrated software written by the LabView language. There are four
levels of machine server, archive server, mirror server and archive viewer integrated in the archive
system. Machine server serves for the data acquisition, format unification and data saving. Each
subsystem has its own archive server and the mirror is opened for outside users. Archive viewer is
software of data acquisition for the whole archive system. Figure 1 is structure of the utility archive
system.

Figure 1: Structure of the utility archive system.



Temperature and Flow Rate Measurement

To on-line control and monitor the air temperature of the experimental hall, we install two to five
temperature sensors of PT100 on some specific beamline, as shown in Figure 2. Those temperature
sensors are numbered on Figure 2. Also, twelve temperature sensors are installed on the outer wall of
the experimental hall. The temperature histories of these seventy-two locations are on-line recorded on
the archive system.

The air flow rate was measured by the TSI flow meter of 8373-M-GB AccuBalanve Plus type. The
measurement range is 50~3500m*/h with £5% precision. The flow velocity at the air exit was measured
by the hot wire equipped in the Testo 400 multi-meter. The measurement range is 0~10 m/s, -20~70 °C.

Figure 2: Storage ring layout and temperature sensors distribution.

Numerical Simulation

Both cases of the temperature distribution and flow fields before and after the AC system improvement
are numerically simulated in this study. We use FLUENT 6.2, a CFD code, to perform the numerical
simulation. FLUENT is composed of three parts, pre-processor, core operation and post-processor.
GAMBIT, an integrated pre-processor, is used for geometry modelling and grid generation. The basic
governing equations include the continuity equation, the momentum equation and the energy equation.
The FLUENT solver can model many kinds of fluid dynamics and heat transfer problems. We set our
simulated model as a 3D, incompressible and turbulent flow in this study. Both steady-state and
transient flows are simulated. We apply the k-g turbulence model and SIMPLEC to solve the velocity
and pressure problem.

Model Construction and Grid Generation

Because the whole space of the experimental hall is too large to simulate and the simulation may
consumes too much memory, the geometry modelling is simplified. We divide the experimental hall as
periodically symmetric six sections, as shown in Figure 2 and assume periodic boundary condition for
each section. Then we simplify the simulation by only simulating section A as shown in Figure 2 and
apply the results to other five sections.

There are two beamlins located in this area. Also, the geometry of the beamline, rack and other
experimental apparatus are simplified to reduce the amount of time. The circular air exits with 0.32m in
diameter are distributed on the ceiling. The air exhausts of Im X 0.5m in dimension are located on
middle of the inner wall. As shown in Figure 3, brown spots on the ceiling and blue rectangles on the
inner wall are air exits and exhausts, respectively.



Grid size is another critical parameter in the simulation. Too big grid size may lose the precision of the
simulation while too small grid size may result in too much computing memory and time. Total 629,524
tetrahedron grids with 0.32m-edge are generated in the simulated area as shown in Figure 3.

Figure 3: Physical model and grid structure of the simulation.

Boundary Condition

The boundary condition of the simulation is based on results of the actual measurements. The air
velocities before and after the abovementioned AC improvement are measured by using the hot wire
equipped in the Testo 400 multi-meter. The heat flux from the ceiling is calculated according to the
ASHRAE Handbook Fundamentals [8]. All the boundary conditions are list in the Table 2.

Table 2:Boundary conditions for the CFD simulation.

Air exit Air velocity (before improvement) 1.34 m/s
(On the ceiling) Air velocity (after improvement) 5.39 m/s
Temperature 14.2°C
Heat flux from the ceiling 30.7 W/m®
Heat source Beamline and human 1.68 W/m’
Computer 37°C
Rack 35°C
Wall and floor Adiabatic

Convergence Criterion

Because of the truncation error of the numerical computation and the differences of computed values
resulted from the iteration, there exists small difference between two sides of the governing equation.
This difference is known as the residual value. The residual value is used as the index of the



convergence criterion in the numerical simulation. All the residual values of all physical parameters are
set as 1x 10 If the residual value is not larger than 1x 10, the iteration is considered convergent.

Results and Discussion

Measurements Results

Figure 4 shows four days’ outdoor atmosphere and indoor air temperature histories (A) before and (B)
after the AC improvement. Six temperature histories respectively at BL 5-1, BL 5-2, BL 7-1, BL 7-2,
BL 8-1 and BL 8-2, as shown in Figure 2, are recorded in Figure 4. Figures 4(A) and 4(B) were
recorded at end of April of 2005 and 2006, respectively. Both outdoor air temperature histories ranged
about from 20 °C to 30 °C in Figure 4. Before the AC improvement, both temporal and spatial variations
of indoor temperature histories are about 1.2 °C and the temperature fluctuations during ten minutes
ranged from 0.2 °C to 0.5 °C depending on the location, as shown in Figure 4(A). All the temperature
variations and fluctuations were improved after the AC system improvement. As shown in Figure 4(B),
both temporal and spatial variations of indoor temperature histories are about 0.6 °C and the temperature
fluctuations during ten minutes ranged from 0.1 °C to 0.2 °C.

20867 4 A 15 B L

BL 5-1 BL5-1

ww- BL 5-2 o BL 52 —

s, BL 7-1 BL7-1 —
BL 7-2 A, BL 7-2

BT 8-1 Gy BL 8-1

ssm0- BL 8-2 21,000~ BL 82 =

OUtdOOI' 26.000- Outdoor —

25.000-

ey 25.000-
L T . T S Er L I "
24.000-
23.000-
23.000-

22,000
22.000-

21.000- 21.000-

- 20.000 -
19.667- 19.540-

24342000 ' 200000000 080060000 200090000 0800:00 000 200000000 08000000 ebod2om || aodsoos | 2e0d000 oso0doono 200000000 0g:0000000 200000000 080000000  0009:36.000
20050418 05040 00421 NO0SH4RT 200SNAM2 20S04R2 00SMAR3 20050414 0060418 0060419 00420 20060420 D0GDLZL 0060421 20060422 2006M4R3

(A) (B)

Figure 4: Outdoor atmosphere and indoor air temperature histories (A) before and (B) after the AC improvement.

Table 3 shows the flow rate and air velocity before and after the AC system improvement. Basically, the
flow rate and air velocity are spatially uniform. The average flow rates before and after the AC system
improvement are 105 L/s and 432 L/s, respectively. Thus the flow rate was increased about 3 times after
the AC improvement. The average air velocities before and after the AC system improvement are 1.34
m/s and 5.39 m/s, respectively. These two numbers are also list in Table 2 as the boundary conditions
for the CFD simulation.

Table 3:Flow rate and air velocity before and after the AC system improvement.
No. 1 2 3 4 5 6 7 8 9 Ave
Before AC | Flow rate (L/s) 102 | 98 117 | 106 [ 100 | 109 | 119 |92 101 | 105
improvement | Air velocity (m/s) | 1.38 | 1.28 | 1.44 | 1.32 [ 1.23 | 1.34 | 1.53 | 1.25 | 1.29 | 1.34
After AC | Flow rate (L/s) 423 | 408 | 483 | 438 | 412 | 430 | 492 | 393 | 405 | 432
improvement | Air velocity (m/s) | 5.42 | 522 | 5.57 | 5.30 | 5.08 | 5.44 | 6.38 | 4.92 | 5.16 | 5.39

Numerical Simulation Results

Figures 5 and 6 show the simulated temperature field of the experimental hall before and after the AC
system improvement, respectively. Basically, the temperature of the whole experimental may be
divided into upper and lower zones. The average temperature of the upper zone is lower because the
cooling air exits are distributed on the ceiling. On the contrary, the temperature of the lower zone, is



higher due to the heat source of beamlines and experimental apparatus, as shown in both Figures 5 and
6.

Although the temperature of the upper zone is lower, there is thin layer of high temperature near the
ceiling resulted from the ceiling heat flux, as shown in both Figures 5 and 6. Because the cooling air
flow rate from the air exits is increased about three times after the AC system improved, the average air
temperature shown in the Figure 6 is obviously lower than that shown in the Figure 5.
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Figure 6 Simulated temperature field of the experimental hall after the AC system improvement.



Figure 7 demonstrates the simulated cross-sectional flow field of the experimental hall after the AC
system improvement. The air flow velocities range from 0-2 m/s, as shown in the figure. Velocity of one
area with arrow in blue color is higher than velocity of other area because the area is near an air exit.
Several flow circulations appear clearly in the figure. Those circulations are also show low temperature
in the Figure 6.
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Figure 7 Simulated cross-sectional flow field of the experimental hall after the AC system improvement.

In order to simulate the transient state of the temperature field of the experimental hall, we modify the
boundary conditions of some heat sources. as list in Table 4. We also select some points along the two
beamlines near locations of temperature sensors installed as shown in Figure 2 to examine simulated
temperature temporal variations. The simulated results show that the temperature temporal variation
before and after the AC system improvement range from +0.15 °C to +0.10 °C and from £0.10 °C to
+0.07 °C, respectively. The simulated results of the temperature variations are smaller than the actual
measured data and list in Table 5.

Table 4:Boundary conditions for the CFD transient simulation.

Heat source Beamline and human 1.68+0.2cos(0.1t) W/m’
Computer 37+0.2c0s(0.1t) °C
Rack 35+0.2cos(0.1t) °C

Table 5: Simulated temperature variation before and after the AC system improvement.

Point Simulated temperature variation | Simulated temperature variation
location before the AC improvement after the AC improvement
Beamline 5-1 +0.15 °C +0.10 °C

Beamline 5-2 +0.13 °C +0.08 °C

Beamline 5-3 +0.12 °C +0.08 °C

Beamline 5-4 +0.10 °C +0.07 °C

Beamline 8-1 +0.15 °C +0.10 °C

Beamline 8-2 +0.11 °C +0.07 °C




Conclusion Remarks

The AC system improvement for the experimental hall had been accomplished to increase the cooling
capacity about three times at the end of 2005. The experimental measurements are conducted to collect
the temperature histories through the Archive system and data of air flow rates and flow velocities at air
exits. The collected data show that the average temperature temporal variation is reduced from 1.2 °C to
0.6 °C. The average air flow rate and flow velocity are increased about three times.

The numerical simulation of the temperature distribution and the flow field of both steady and transient
states before and after the AC system improvement are performed. The simulated results of steady state
show that the temperature of the whole experimental hall may be divided into upper and lower zones.
The average temperature of the upper zone is lower due to the supplied cooling air while the
temperature of the lower zone is higher due to the heat source of experimental apparatus. The simulated
results of transient state demonstrate the same trend of the temperature variation with the actual
measured one but the simulated values are smaller than the actual collected data.
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