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What is Dark Energy?
«Counteracts the gravitational pull of matter

*Reason for the expanding universe
*Dark Energy Camera (DECam)

Time
{~15 billion years)

What is DECam?
570 Megapixel camera
8 million pixels per CCD
*Cooled to 100K
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What about the DECam cooling system?
-2-phase flow system
*Barber-Nicholas pump breaks down
*Closed loop
*Cryocoolers- condenses GN2

Bubby Slug Churn Wispy-Annular  Annular

Figure 12.1. Two-phase flow patterns in vertical upflow.
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To design a pump that will replace the Barber-Nichols
centrifugal pump for the Dark Energy Camera (DECAM)
imager cooling system (LN2 Cooling System)!"], [©

Cryocoolers (360 W each)

SOV-003

€

S—»

@ CV-012
SOV-0

01

MTBF=10,000 hrs

200 L Cryogenic Liquid Cylinder
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:Required flow rate: 2gpm 0.1262 liters/s
Pump head: ~20 psi 137.895 kPa
Maximum cooling 0.3412 Btu/s 360 W
capacity for a
cryocooler:

Low maintenance
*High reliability
*High efficiency

*Must be closed loop
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Spreader Plate ]

Piston pump

What do they currently use to cool CCD’s?
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What is it?

Similar to blowing air into a straw
*'NOROF LN2 Pumping System
*Volume displacement pump
-Large expansion ratio 1:130

*Major Components
*nitrogen gas (GN2) generator
Liquid nitrogen (LN2) process
cylinder
Different types of valves

Saturated Vapor

:

N2 Generator

Th=80[K] =
Electric Heater
Q
Saturated Liquid

’ 5. OVER-PRESSURE PUMP
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1. Schematic
Refilling Operations:

CV-013

*LN2 Process Cylinder
*SOV-002 closes and SOV-003
opens- releases GN2
*Subcooled LN2 is sent to

process Line 2

*GN2 Generator Refilling
*SOV-002 closes and SOV-001
opens to release the GN2.

*Subcooled LN2 enters generator

Cryocoolers (360 W each)

200 L Cryogenic Liquid Cylinder

To CCD HX =-—x}l— ‘4 @
SOV-003 ¢ ¢ ¢
sov-002 DG |
)
<2> LN2 Process Cylinder
150 psi
sSVv-100 —D>F=%<
@ cv-012 DNJ——
vacuum
CV-011
@ GN2 Genera tor
SOV-001
CV-010
@ electric heater

from
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2 . DEfi n e P LI m p Li m itS High Temperature Resevoir

*First Law Efficiency
*Input versus output

W,

— pump

. = -
QH u’slsctr:‘cal

n = npump

" VVout
‘Max. Thermal Efficiency , 17«7 ireversibie Heat Pump
Maximum output Energy
Teummiy
Nysversible — 1- T = =4.55% A
saturation of N2 gensrator ¢

*Second Law Efficiency
*Are we using as much as we

could? n, Low Temperature Resevoir

N = -
Il , 11
nrs::ers:’bls
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3. Theoretical Analysis

Fundamental Equations
*Thermodynamics
*Fluid dynamics
*Heat transfer

(AP Ta - AP: 5 : T AP

cotumn Jriction minorrmajor )

;= My b

Pump curve and best operational fa

point

Pump should have:
Maximum expansion ratio
Maximum efficiency
*Minimum electrical input

12
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5. OVER-PRESSURE PUMP

DP [psi]

OFRLrNWRERULO N OOW

DP vs. Flow rate (pump curve and system curve)

— —99=Q:3~536¥—99—g_ 37—
— 0D=0.358
[ | 5 -0Db=0334— =
0D=0.305 L , SESaaa y =0.0701 + 0.0699x + 12.255
: » —0D=0305 R2=1
* 0D=0.310 ®
A 1lgpm
< 2gpm
. 3gpm
——  Equivalent Pipe —A —= @ 4gpm
= Diameter : - X 0D=2 J/
= decreases ’ Sgpm

System flow rates above

l)D-” u = £ 8gpm will result in a

'/IA/ , *=— single phase flow at the

top of the telescope. (we
need two phase)

Flow Rate [gpm]

*Pump curve and best operational points 13
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n [%]

5. OVER-PRESSURE PUMP

Ny VS. Waot electric VS. €xpansion ratio
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0.1 )
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Mot N2=0.000231 kg/s
T =100K @ P=8atm
Tw varies
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5. OVER-PRESSURE PUMP

Ny vs. Wyot electric VS. €Xpansion ratio
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5. OVER-PRESSURE PUMP

DARK ENERGY Cryocoolers (360 W each)
SURVEY
i Points From Previous Figure
To CCD HX <+—\— 1—@— from CCD HX
Expansion ratio 130.4 CV-013
W _dot_electric [W] 20
Second Law Efficiency ~95%
First Law Efficiency ~4.50% v
Thermal Efficiency (Reversible) ~4.55%

ri

DP_orifice [Pa/psi] 12958/1.87 psi sovoos | I ||
SOV-002
Calculated Parameters
PT
T_H [K] 80 @) LN2 Process Cylinder _Q
P_H [atm] 1.351 —()
150 psi
rho N2 [kg/m"3] 6.089 SV-100 g4
m_dot LN2 (N2 gas generation) [kg/s] 0.000231 @ cv-012 N—»
vacuum
Q_dot N2 [m"3/s] 3.7937x107 @4_% EECV-OM
Q dot_ N2 [liters/s] 0.0379 sov-001| [ SN2 Generator
Total Energy Input [W] 245.5
Total Pressure Drop [psi] 2.249 CV-010
Q_dot_LN2 (theoretical pump) [gpm] 0.6 @_E > clectric hoater
Required flow rate for current LN2 system [gpm] 2 — 16

200 L Cryogenic Liquid Cylinder
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Advantages

 Cheap Parts

— Solenoid (~$400 for
500000cycles)

« Less moving parts

* Overall Cost of the pump
is less (~$9400 estimate)

« Operation in high
magnetic fields

Disadvantages

« Poor efficiency (~4.5%)

« Time delay/discontinuous
flow at times

 Possible heater burnout

18
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7. PROPOSED RESEARCH

@ METHODOLOGY
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Understand the Problem
Generate Ideas

Analyze ideas using FRSARRC
charts

Create a math model

Concept evaluation and selection
Test the design

Update the math model

Repeat steps 1-7

Idea

19
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DESIGN PHASE | (May 2011-July 2011)

Brainstorm

Research
Model

Evaluate solution

Q=1 W]

aaaaaaaaaaaaa

STATE 1

STATE 2

igas=

7. PROPOSED RESEARCH

(2221}
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DESIGN PHASE Il (Auqust 2011-Febraury 2012)

« Experimentation and update math model

« 2-3 major experiments are planned for this phase
 Test process cylinder in Lab A 200L vessel
e  Currently underway (Next slide)
 GN2 generator + process cylinder in Lab A
*  Will the cryocooler be sufficient

» Miscellaneous

21
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DESIGN PHASE Il (August 2011-Febraury 2012)




<’ 7. PROPOSED RESEARCH
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DESIGN PHASE Ill (March 2012-May 2012)

Finalize the design

Create a P&ID, model, and math model
Update documentation package

Test run on a full scale system in Lab A

23
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Good Points

*Over-pressure pump design
sImproved reliability and low maintenance (MTBF~10,000hrs)

*Low cost (~$9400)
*Few moving parts

Math Models
*Prove and update
*Create an overall system model

*Future Tests
L N2 process cylinder test
*GN2 + LN2 process cylinder

25
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Investigate
*Reliability study
*Solenoids, check valves, heater, etc.

*Heat Transfer between the LN2 and GN2 in process cylinder
| | | |

l GN2 | lat l GN2 |
nsuiator
M‘ (G10) i i i i l
Process Cylinder Process Cylinder
Subcooled LN2 Subcooled LN2
| — > —
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Investigate
*Compressibility Effects of Injected GN2

*Heater (flanged, screw, tape, plate, etc )
*Valves in parallel for increased MTBF

*Multistage pumping
Longer MTBF

MultiStage Pumping

To Top of Telescope

lSaturated Vapor

by d v

Process Cylinder

Subcooled LN2

N2 t overhead pressure cylinders
Generator () () () () N2 Generator
Q N2 generator header @
overhead pressure cylinders

To Top of Telescope

27
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