4.2.13  Target Pile Air Cooling System

The purpose of the air cooling system is (1) to keep the pit floor and walls at approximately 12.8 °C, (2) to remove the following heat loads: beam heating - 158 kW, stripline - 2.4 kW, ambient - 3.4 kW, fan - 50 kW, (3) to dehumidify at a rate of 20 kilograms/hour at the 158 kW beam heating load, and (4) filter particulates from the airflow.  The automatically controlled system is designed to provide 240 kW of cooling, and to circulate and filter 750 Nm3 of air per hour.  The high efficiency particulate filters have a minimum removal efficiency of 99.97% with 0.3-micron size particles.  The dehumidification rate is based on a leak exchange rate between the target hall and the target pile of 2.5% of the design airflow rate.  The filters are installed in bag-in/bag-out housings.

The flow schematic is shown in Figure 4.2-41 a & b.  It is discussed below, starting where the cooling airflow exits the target pile.

Temperature and humidity of the air exiting the target pile are monitored.  Humidity of the target hall is also monitored.

Pressure drop across the particulate and high efficiency filter banks are individually monitored.  High differential pressure across either bank will shutdown the fan.  It is very important to change the filters at the specified pressure drops.  In particular, the prefilter will come apart at high-pressure drops, and unload the particulates trapped in it.  This will unnecessarily load the much more expensive high efficiency filters, most likely requiring that they be changed immediately.

The airflow is cooled after filtering.  An automatically controlled air damper is installed in parallel with the evaporator coils.  It will make moderate adjustments in the amount of air flowing to the evaporators to reduce the reheat duty.  Air damper position can also be positioned manually.  An electrically operated solenoid valve starts or stops the flow of high-pressure liquid refrigerant 22 to each evaporator coil based on the system heat load.  Solenoid valve operation can be either automatic or manual.  The full-open and full-closed state of each solenoid valve is monitored using limit switches.  A self-operated, thermal expansion valve automatically controls flow of refrigerant 22 to each evaporator coil.  Evaporator coil header pressure is used to automatically adjust condenser unit capacity to match the system heat load.  Operating status of the condensing unit is monitored.

The single-speed fan boosts the airflow to operating pressure after cooling.  Fan differential pressure is monitored.  The particle beam will shutdown if fan differential pressure is too low.  Fan inlet and outlet temperatures are monitored.  The fan can be started and stopped in either the target hall or the power supply room.

The reheater heats the airflow to operating temperature when needed.  Reheater operation can be either automatic or manual.  The heating element is equipped with a high temperature switch to protect it from burning out.  Temperature and humidity of the air entering the target pile are monitored.  The particle beam will shutdown if supply air temperature to the target pile is high or low for too long. 

Slow start, smart motor contactors energize the fan and refrigeration compressor motors.  Each contactor will protect its motor from being damaged by current and voltage irregularities.  Each motor winding has an internal high temperature switch that is included in the control logic to further protect the motor from damage.

A PLC, programmable logic controller, is used to automatically control the solenoid valves that start and stop high-pressure refrigerant flow to each evaporator coil.  Control logic for the fan is hardwired.  All monitoring instruments are wired to PLC input modules.  The PLC transmits all monitored signals to Acnet via Ethernet.  The signals will be displayed on Actnet parameter pages.  Selected signals are included on alarm pages and on graphic displays.

The instrument list is given in Table 4.2-16.5a and Table 4.2-16.5b .
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TAG NO,

Energize HV -
Energize HV -
Energize HV -
Energize HV -
Energize HV -
Energize HV -

DESCRIPTION

Anlysis Element - Supply air relative humidity
Analysis Element - Return air relative humidity

Analysis Element - Target hall relative huridity

Analysis Indicating Transmitter - Supply air relative hurmidity
Analysis Indicating Transmitter - Retur air relative hurnidity
Analysis Indicating Transmitter - Target hall relative humidity
Hand control, Open Auto Close - Evaporator #1 upper coil

Hand control, Open Auto Close - Evaporator #1 lower col

Hand control, Open Auto Close - Evaporator #2 upper coil

Hand control, Open Auto Close - Evaporator #2 lower col

Hand control, Open Auto Close - Evaporator #3 upper coil

Hand control, Open Auto Close - Evaporator #8 lower col

Hand control, Open Auto Close - Evaporator #1 upper coil

Hand control, Open Auto Close - Evaporator #1 lower col

Hand control, Open Auto Close - Evaporator #2 upper coil

Hand control, Open Auto Close - Evaporator #2 lower col

Hand control, Open Auto Close - Evaporator #3 upper coil

Hand control, Open Auto Close - Evaporator #8 lower col

Hand control, Start - Fan

Hand control, Start - Fan

Hand control, Stop - Fan

Hand control, Stop - Fan

Hand control, On OFf Auto - Reheater

Curtent Elernent - Fan motor

Curtent Switch Low - Fan motor (Fan "on” signal to software logic)
Curtent Switch Low - Fan mator (Fan "on” signal to hardwired logic)
Power Light - Reheater on

Pressure Diflerential Indicator / Switch - Prefiter bank

Pressure Diflrential Indicator / Switch - High efficiency fiter bank
Pressure Diflerential Indicator / Switch - Fan

Pressure Diflrertial Transrmitter - Fan

Pressure Diflrertial Switch High - Prefiter bank

Pressure Diflerential Switch High - High eficiency fiter bank
Pressure Diflerential Switch High High - Prefiter bank

Pressure Diflrential Switch High High - High effciency fiter bank
Pressure Diflrertial Switch Low Low - Fan

Pressure Diflrertial Transritter - Prefilter bank

Pressure Diflerential Transrritter - High effciency fiter bank
Pressure Diflrertial Transrmitter - Fan

Pressure Indicator - Evaporator coils

Pressure Transmitter - Evaporator coils

Temperature Element - Retun i termperature from target pile
Temperature Element - Supply airtemperature to target pile
Temperature Element - Fan inlet temperature

Temperature Element - Fan discharge temperature

Temperature Element - Target pile pit wall #1 @ hom 1 midpoint
Temperature Element - Target pile pit wall #2 @ hom 1 midpoint
Temperature Element - Target pile pit floor # @ hor 1 midpoint
Temperature Element - Target pile pit floor #2 @ hor 1 midpoint

Temperature Element - Duratek block inner wall #1 @ hom 1 midpoint

Temperature Element - Duratek block inner wall #2 @ hom 1 midpoint

Temperature Element - Hom 1 cariage support bearm @ midpoint
Temperature Element - Free air at upstrearn end of horm 1 carriage
Temperature Indicating Controller - Air damper
Temperature Indicating Controller - Reheater control
Target pile supply air temperature high - Reheater control
Heating element termperature high - Reheater control
Target pile supply air temperature high high

Temperature Transmitter - Fan discharge temperature
Temperature Transmitting Indicator - to PLC
Temperature Transrnitting Indicator - to Reheater control
Position Indicator - Fan contactor closed (ausiiary contact)
Position Indicator - Solenoid valve HY-ririn open

Position Indicator - Solenoid valve HY-ririn open

Position Indicator - Solenoid valve HY-ririn open

Position Indicator - Solenoid valve HY-ririn open

Position Indicator - Solenoid valve HY-ririn open

Position Indicator - Solenoid valve HY-ririn open

Position Indicator - Solenoid valve Hv-nnn closed
Position Indicator - Solenoid valve Hv-nnn closed
Position Indicator - Solenoid valve Hv-nnn closed
Position Indicator - Solenoid valve Hv-nnn closed
Position Indicator - Solenoid valve Hv-nnn closed
Position Indicator - Solenoid valve Hv-nnn closed
Position Transmitter - Air damper

Position Transmitting Indicator - Air damper

PLC logic output signal

PLC logic output signal

PLC logic output signal

PLC logic output signal

PLC logic output signal

PLC logic output signal

LOCATION

Local
Local
Local
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
Acnet command to PLC
Acnet command to PLC
Acnet command to PLC
Acnet command to PLC
Acnet command to PLC
Acnet command to PLC
PSR
Local
PSR
Local
PSR - Vendor panel
Fan motor contactor
Fan motor contactor
Fan motor contactor
PSR - Vendor panel
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
PSR
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
PSR
PSR - Vendor panel
PSR - Vendor panel
PSR - Vendor panel
Local
PSR
PSR
PSR
Mator contactor
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
PSR
PLC
PLC
PLC
PLC
PLC
PLC

UNITS

%

%

%
inches WC
inches WC
inches WC
inches WC
inches WC
inches WC
inches WC
inches WC
inches WC
inches WC
inches WC
inches WC

psig
psig

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

%
%

NORMAL | NORMAL
OPERATING OPERATING
RANGE | VALUE
551065 -
01065 -
5010 100 -
551065 -
01065 -
5010 100 -
551070 65
0-100 E3
0-100 E3
071013 <15
15103 <3
101013 12
101013 12
- 125
- 275
- 15
- 3
- 8
071013 <15
15103 <3
101013 12
581069 61.75
581069 61.75
501080 <80
501060 55
451055 50
501060 55
501060 55
501060 55
501060 55
501060 55
501060 55
501060 55
501060 55
501060 55
501060 55
501060 55
501065 65
50070 70
501060 55
501060 55
501060 55

CALIBRATION ACCURACY = ANALOG

RANGE

0-100
0-100
0-100
0-100
0-100
0-100

003
0t5
0t 15
0to20

01025
0t5

0t025
0to 100
0to 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100
4010 100

4010 100
4010 100
4010 100

[+/-1

£2%FS
£2%FS
£2%FS
1% FS

£0.25% FS
£0.25% FS
£0.25% FS
£2%FS
£0.11% FS
405
405
405

SIGNAL

01010 VDC

41020 mA
41020 mA
41020 mA
41020 mA

41020 mA
41020 mA

41020 mA
41020 mA
41020 mA

41020 mA
41020 mA

DISCRETE
SIGNAL

010 110 VAC
010 110 VAC
010 110 VAC
010 110 VAC
010 110 VAC
010 110 VAC

010 110 VAC
010 110 VAC
010 110 VAC
010 110 VAC

01024 VDC
01024 VDC

01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC

01024 VDC

010 110 VAC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC
01024 VDC

010 110 VAC
010 110 VAC
010 110 VAC
010 110 VAC
010 110 VAC
010 110 VAC

MANUFACTURER

Dwyer
Dwyer
Dwyer
Orange Research
Dwyer
Dwyer
Dwyer
Dwyer
Dwyer
Setra
Setra
Setra
Dwyer
Setra
Minco
Minco
Minco
Minco
Omega
Omega
Omega
Omega
Omega
Omega
Omega

Omega




Table 4.2-16.5a  Air-cooling system instrument list – Part 1

[image: image2.png]TAG NO, MODEL NUMBER

onll-

onll-

- -
Phatohelic 3003MR
Phatohelic 3005MR
Phatohelic 3015MR

20107 wiLCD Display

On FDI-

On FDI-

On FDI-

On FDI-

On FDI-
€264 Option 717
€264 Option 717
€264 Option 717

PI- Phatohelic A360105

can4

TE - S45TPET24

TE - SU5TPETI2

TE - SU5TPETI2

TE - SU5TPETI2

- OnTIC -

Energize HV - -
Energize HV - -
Energize HV - -
Energize HV - -
Energize HV - -
Energize HV - -

INSTRUMENT DESCRIPTION

Diferential pressure gauge with two switches
Diferential pressure gauge with two switches
Diferential pressure gauge with two switches

Beryllium copper diaphragm with inductive pickup

Phatotransistor actuated SPOT relay, 1.0 amp @30 vdc

Phatotransistor actuated SPOT relay, 1.0 amp @30 vdc

Phatotransistor actuated SPOT relay, 1.0 amp @30 vdc

Phatotransistor actuated SPOT relay, 1.0 amp @30 vdc

Phatotransistor actuated SPOT relay, 1.0 amp @30 vdc

Variable capacitance
Variable capacitance
Variable capacitance
Pressure gauge with two switches
Variable capacitance
Bendable averaging RTD, 100 0 at 0 °C
Bendable averaging RTD, 100 0 at 0 °C
Bendable averaging RTD, 100 0 at 0 °C
Bendable averaging RTD, 100 0 at 0 °C
Omegaclad Type J - MgO insulation and metal sheath
Omegaclad Type J - MgO insulation and metal sheath
Omegaclad Type J - MgO insulation and metal sheath
Omegaclad Type J - MgO insulation and metal sheath
Omegaclad Type J - MgO insulation and metal sheath
Omegaclad Type J - MgO insulation and metal sheath
Omegaclad Type J - MgO insulation and metal sheath
Omegaclad Type J - MgO insulation and metal sheath

WIRED TO

AT-
AT-
AT-
PLC
PLC
PLC
HY -
HY -
HY -
HY -
HY -
HY -

Fan motor contactor control circuit
Fan motor contactor control circuit
Fan motor contactor control circuit
Fan motor contactor control circuit
Vendor panel wiring
-
PLC
Fan motor contactor

Reheater vendor panel wiring

BPS
PLC
PLC
PLC
PLC
PLC
PLC
PLC
PLC
Refigerator compressor control
PLC
-
PLC
ic-
PLC
PLC
PLC
PLC
PLC
PLC
PLC
PLC
Air darmper positioner
Reheater SCRs
Reheater vendor panel wiring
Reheater vendor panel wiring
PLC
PLC
PLC
Reheater vendor panel
Fan motor contactor control circuit
PLC
PLC
PLC
PLC
PLC
PLC
PLC
PLC
PLC
PLC
PLC
PLC
m-
PLC

PLC
INPUT
MODULES

AIM1 Ch 1
AIM1 Ch 2
AIM1 Ch 3

DIMT Ch 1

DIM1 Ch 2
DIM1 Ch3
DIM1 Ch 4
DIM1 Ch5
DIM1 Ch &
AIM1 Ch 4
AIM1 Ch S
AIM1 Ch &

RTD M1 Ch 1

RTD IM1 Ch2
TIC M1 Ch 1
TIC IM1 Ch 2
TIC IM1 Ch3
TIC IM1 Ch 4
TIC IM1 Chs
TIC IM1 ChB
TIC M1 Ch7
TIC IM1 Ch

DIM1 Ch7
AIM1 Ch 7
AIM1 Ch 8

DIM1 Ch8
DIM2 Ch 1
DIM2 Ch 2
DIM2 Ch3
DIM2 Ch 4
DIM2 Ch5
DIM2 Ch &
DIM2 Ch7
DIM2 Ch8
DIM3 Ch 1
DIM3 Ch 2
DIM3 Ch3
DIM3 Ch 4

PLC OUTPUT HARDWIRED TO

Solenoid valve to evap #1 upper coil
Solenaid valve to evap #1 lower coil
Solenoid valve to evap #2 upper coil
Solenaid valve to evap #2 lower coil
Solenoid valve to evap #3 upper coil

Solenaid valve to evap #3 lower coil

PLC

ACNET

ACNET

OUTPUT  PARAMETER GRAPHIC

MODULES

DOMI Ch 1
DOM1 Ch2
DOM1 Ch3
DOM1 Ch 4
DOM1 Ch5
DOM1 Ch

PAGE

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
No
No
No
Yes
Yes
Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

DISPLAY

Yes
Yes
Yes

No

No

No
No
No
No
No
No
No
No

ACNET
ALARM

SET
POINT

125
275




Table 4.2-16.5b  Air-cooling system instrument list – Part 2

[image: image3.jpg]caw |'on sxve o oumal
OJ11VA3HOS W3LSAS ONIT00D IV
371d 139¥vL INNN
ANINLYVEIA VD INVHOIN/Add
ADNIN 30 ININLNVAD0 SILVIS OILINN
A¥OLVHOBY N¥OLVMITI0OV TWYNOIIVN IMN33

NOI LV10d

ele

NOI1VH3D 1843

(1¥V1S MO1S)
HOLOVINOD

/
&
(59 (9) sy
..]olcl@m,m.udi
HS B
mzu#wu(zzwml.
v (59 Gsd) s B
| ddv,
(13v1S mO1S) o s
HOLIVINOD
HOLON LHVAS

TONINOD ALIDVdYD
HOSSIYANOD OL

b

3YNSS3¥d ONIT108 Z2y

H3A1323Y MO

i i i
d0LS m LMVLS H 1uvis m

Qino17 zzy
3YNSS3¥d HOIH

T 1100 ¥0LVH0AVA3
%
L—>>
S
l%
Z 1100 ¥0LVA0dVA3

ASISEEEE
SR

i

0078 M3ILVHNA 40 WV3S TVINOZIYOH NI (Z

“¥0074 Lid 371d 13949Vl NI Q30Q38n3 (T

“1IVM Lid 371d 1394¥v1 NI 030a38n3 (

T39VIYHVD | NMOH 40 ON3 WV3¥LSHN Lv ¥1V 3384 NI (L) 3NO (S
“WV38 LHOddNS 39VINMYD | NMOH 40 INIOdGIN LV (1) 3NO (¥

“77VM ¥3ANNI HOV3 NI 3NO “NOILVA3II3
WV3E LV "INIOJOIN L NM¥OH LV “71IvM uuu_ (c
1

“TINNVHO ONII00Q HOV3 NI 3NO °3NIT¥3INID
J3INNVHO _ON17000 NO “INIOJGIN L N¥OH 1V
oML (z

‘lld 3HL 40 3dIS HOV3 NO INO
‘¥0074 3HL 3A08Y .8 “INIOJAIN L zxw: 1v
Z) omL (1

*S37dNODONY3HL 311d 1394VL

ONIQT3IHS 371d 139¥VL

3

ASVH: +

(1)

71 ay
@

“1S17 31dN00ONN3HL
- (or13 id LaouvL 335
(9/1) $31dN0ONN3HL\ 3

B8 ¥0J IVOIdAL

a.-,@irﬁ..

YNVE ¥3LT1d
31VIND | Lyvd
AON31D1443 HOIH

JNvE
Y¥3111438d
31YIND1 Ly8vd

L 7100 ¥OLVdOdVA3

31Vd
y3snd410

JO¥LINOD 440 - NO
ST10D HOLVYOJVAI

O1LINE0




Figure 4.2-41a: Air-cooling system flow schematic

Figure 4.2-41b: Legend for Air-cooling system flow schematic [image: image4.jpg]LEGEND
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