
L\cO - e9
PROCESS SYSTEMS INTERNATIONAI4 INC.

PAGE I OF 15
TITE: Regen. System hocess Calculations

PROIECTNO: V59049PROJECT: LIGO

PLJRPOSE: D*ermine process requirernents for the 80K pump rcgen. heaters, to estimate the

*"r.rp tt"r{t -. to reach 150 C) for the pump under winrcrtime conditions in Washingtoq 8td
to determine insulation thickness for personnel protection.

METHOD: Standard heat transfer manual calcs. rnd on ryreadsheet format.

ASSLMPTIONS:Used weather conditions for Kennewick, washington: l5 deg. F dry bulb (Above

this ternperature 9?.5% of the time.) For personnet protectioq used summertime desiSn temperature

of 96 dig. F dry bulb @elow this temperature 97.5% ofthe time), and liehr ( 5 mph) breeze.

INPUTS: Ma:<. regen. flo\flrate = lO0 gm/sec. for long pump; 50 gm/sec. for short pump. N2 temperature

from the vaporizer = -5 deg. F (20 deg. F approach temp' sperified by mfg.)

CoNCLUSIONS: Long pump heat€r size: 25 kw adequate. short pump heater size: 12 kw adequate
Ertir"rt"d *.r."p timJs, inciuding tiquid vaporization: long pump = 16.75 hrs., short pump = 8'0 hrs.

Idax. surface temp"rature ofinzul. = 115 deg. F is acceptable for personnel protection.
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Long Pump Regen.
WarmuPTime
Winter Conditions

N2 flanr
(grn/sec)

50
50
50
50
50
50
50
100
100
100
1 @
100
100
100
100
100
100
100

Cp of N2
Osm-K)

1.05
1.05
1.05
1.05
't.05
1.05
1.05
1.05
1,05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05

N2 in N2 out
(K) (K)

Cp alum.
0/Sm-lq

0.357
0.481
0.58
0.654
0.713
0.76
0.797
0.826
0.849
0.869
0.886
0.902
0.918
0.934
0.934
0.934
0.934
0.934

lnitial
alum. t6mP

(K)

EO
100
120
140
160
180
200
220
240
260
2EO
300
320
340
360
380
400
424

Final Elapsed
alum. temp. Alum. mass timg

(K) (gm') (sec)

253
253
253
253
253
253
253
436
436
436
436
436
436
436
436
436
436
436

2.3
16.75

1341000
1341000
1341000
1341000
1341000
1341000
13410m
1341000
1341000
1341000
1341000
1341000
1341000
1341000
1341000
1341000
't34'1000
1&41000

1eil.2
2ffi0.22
4888.02
7944.e6
11761.2
17079.7
2476'1.9
25738.7
26845.1
28106.3

29557
31251.1
33272.5
35757.6
38896.7
43156.8
49783.8
52A20.4

80
100
120
140
160
't80
200
220
240
260
280
300
320
340
360
380
400
420

100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
423

Time to vaPorize LN2 =
Total warmuP iime =

hours
hours

Pb,n .4 r5
Vo{g- l- a9c' crv



Short PumP Regen.
WarmuPTime
Winter Condilions

Initial Final ElaPsed
Gp of N2 N2 in N2 out Cp alum. alum, temp slum' temp' Alum. mass time
Osm-K) (K) (K) Osm-K) (K) (K) (em.) (eec)

N2 flow
(grn/sec)

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05
'1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.05

0,357
0.481
0.58
0.654
0.713
0.76
0.797
0.826
0.849
0.869
0.886
0.902
0.918
0.934
0.934
0.934
0.934
0.934

398000
398000
39E000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000
398000

312.87e
789.537
1450.73
2328.25
3490.66
5069.16
7349.16
7928.97
8585.73
s334.34
10195.5
11201.1
12400.9
13876.1
15739.4
1E268..2
22201.8
23529.5

253
253
253
253
253
253
253
436
436
436
436
436
436
436
436
436
436
436

80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420

80
100
120
't40
160
180
2@
220
240
260
280
300
320
340
360
380
400
420

100
120
140
160
1E0
200
220
240
260
280
300
320
uo
360
380
400
420
423

Time to vaPorize LN2 =
Tolal warmup time :

1.5 hours
8.036 hours

R r t o { t s
OVO.{q-  t -a96nru
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