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BY. D Moore 1 DEPT..744

PR T.LI R NO: V59049

PURPOSE: Determine process requirements for the 80K pump regen. heaters, to estimate the
warmup time(time to reach 150 C) for the pump under wintertime conditions in Washington, and
to determine insulation thickness for personnel protection.

METHOD: Standard heat transfer manual calcs. and on spreadsheet format.
JANSL 1997

ASSUMPTIONS: Used weather conditions for Kennewick, Washington: 15 deg. F dry bulb (Above
this temperature 97.5% of the time.) For personnel protection, used summertime design temperature
of 96 deg. F dry bulb (Below this temperature 97.5% of the time), and light ( 5 mph) breeze.

INPUTS: Max. regen. flowrate = 100 gm/sec. for long pump; 50 gm/sec. for short pump. N2 temperature
from the vaporizer = -5 deg. F (20 deg. F approach temp. specified by mfg.)

REFERENCES:

CALCULATIONS: See attached.

CONCLUSIONS: Long pump heater size: 25 kw adequate. Short pump heater size: 12 kw adequate
Estimated warmup times, including liquid vaporization: long pump = 16.75 hrs., short pump = 8.0 hrs.
Max. surface temperature of insul. = 115 deg. F is acceptable for personnel protection.

NOTES:
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Long Pump Regen.

Warmup Time
Winter Conditions
Initial Final Elapsed
N2 flow CpofN2 N2in N2out Cpalum. alum. temp alum. temp. Alum. mass time
(gmisec)  (famK) (K} (K (/gmK) K) (K) (gm.) (sec)

50 1.05 253 80 0.357 80 100 1341000 1054.2

50 1.05 253 100 0.481 100 120 1341000 2660.22

50 1.05 253 120 0.58 120 140 1341000 4888.02
50 1.05 253 140 0.654 140 160 1341000 7844.66
50 1.05 253 160 0.713 160 180 1341000 11761.2
| 50 1.05 253 180 0.76 180 200 1341000 170787
‘ 50 1.05 253 200 0.797 200 220 1341000 247619
| 100 1.05 436 220 0.826- 220 240 1341000 257387
‘ 100 1.05 436 240 0.849 240 260 1341000 268451
100 1.05 436 260 0.869 260 280 1341000 28106.3
‘ 100 1.05 436 280 0.886 280 300 1341000 29557
| 100 1.05 436 300 0.902 300 320 1341000 312511
100 1.05 436 320 0.918 320 340 1341000 332725
100 1.05 436 340 0.834 340 360 1341000 357576
100 1.05 436 360 0.934 360 380 1341000  38896.7
100 1.05 436 380 0.934 380 400 1341000 43156.8
100 1.056 436 400 0.934 400 420 1341000  49783.8
100 1.05 436 420 0.934 420 423 1341000 520204

Time to vaporize LN2= 2.3 hours
Total warmup time = 16.75 hours




Short Pump Regen.

Warmup Time

Winter Conditions

Initial Final Elapsed
N2 flow CpofN2 N2in N2out Cpalum. alum.temp alum. temp. Alum. mass time
(gmvsec) (lgm-K) (K) (K) (/gm-K) (K) (K) (om.) (sec)
50 1.05 253 80 0.357 80 100 398000 312879
50 1.05 253 100 0.481 100 120 398000  789.537
50 1.05 253 120 0.58 120 140 398000  1450.73
50 1.05 253 140 0.654 140 160 398000 2328.25
50 1.05 253 160 0.713 160 180 398000 3490.66
50 1.05 253 180 0.76 180 200 398000 5069.16
50 1.05 253 200 0.797 200 220 398000 7349.16
50 1.05 436 220 0.826 220 240 398000 7928.97
50 1.05 436 240 0.849 240 260 398000 8585.73
50 1.05 436 260 0.869 260 280 398000 9334.34
50 1.05 436 280 0.886 280 300 398000 10195.5
50 1.05 436 300 0.902 300 320 398000 112011
50 1.05 436 320 0.918 320 340 398000 12400.9
50 1.05 436 340 0.934 340 360 398000 13876.1
50 1.05 436 360 0.934 360 380 398000 15739.4
50 1.05 436 380 0.934 380 400 398000 18268.2
50 1.05 436 400 0.934 400 420 398000 22201.8
50 1.05 436 420 0.934 420 423 398000 235295
Time to vaporize LN2 = 1.5 hours
Total warmup time = 8.036 hours
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Table C-1 (Cont))
WINTER EUMMER WINTER BUMME R
Oundoor Oundoor
STATE AND Lati-| DB OB | WA | Dsily ETATE AND Lati-) D8 | OB | WB | Daiy
STATION tude | FTHEX | 24% | 2¥%%| Rangs STATION tude | BIR%] 2% | %% | Rerge
Lubbock AP A 16 97| 12| 26 Evereti-Pune AFR 47 | 65 | 2
Ludkin AP <L ] 68| BO 1 20 & j 45 # 96| 68 | 0
McAllen 26| 38 jwol Wi ONgrive L] 861 66 | 30
Midiand AP E: ) 9Bl 12126 Mosrs Laks, Larnon AFR ar [~ 1 23] 86 | 32
Minersl Wells AP 32| 22 [woi ¥ | 22 Olympis AP a5 B3 65§ 32
Palestine CO NnNi|ams 97t M| 20 Port Angries L] 73| B8 | 18
Pamce » H 98| 72 | 26 Saantie-Boeing Fid. a | 7 80| 65 | 24
Pacos n % || | Santile CO a7 R | m|ejw
Plainview 341 14 s8] 72| 26 Ssartie-Tacome AP ar | 24 a1 64 |22
Port Arthur AP 30| 33 92| 8| 19 Sookane AP a7 4 90| 64 [ 28
San Angelo, Tacoma-McChord AFS 47 24 81| & | 2
GaodteHaw AFB 3 ) 25 29] 15| 24 Watls Walla AP 46 16 96| 68 | 27
San Antonio AP x| 30 1| 72| v® Wenatches a? 9 92 BE | N2
Shavonan Perrin AFE 1B 23] | B2 Vakims AP 46 ] 30 | 92| &2 13
Sryder 32 19 {100] 74| 26
Temple 1] 27 gal|l 78| 22 WEST VIRGINIA
Tyler AP 32 24 87| | n Beckiey 37 ] 88| 13 | 22
Vernon 318 [1n] 6] 2a Biuefindd AP Ny w3 | N
Vicraris AP e ] R 8 M1 8 Charigsion AP k-4 1] W™ D
= I B R = HHEEHE
ichite Falls A M| 19 [100] 76| 24 1
Hurtington CO 3B WM 9| 7% 2
UTAH Mertinsburg AP » 10 Al 77N
Cadar City AP r) & 0| 6| 32 Morgsniown AP ] 7 BE| 7 |22
Logan a1 7 1| 685 [ 33 Porksrsburg CO » 12 fNnlxIn
Moats aai 16 o8] 85 [ 30 Whaenling 40 9 Bl |N
Cgden CO 41 10 | 92185 33
Price 9 ? 9t] 64 } 33 WISCONSIN
Pravo 40 [ 93| 66 | 32 Appleton a4 |- & 87| M 12
Richfield 38 3 92| 65| Ashiand 46 | =17 sl in
St. George CQ 37 26 |1W02| 70| 33 Beloit 42 (-~ 3 0] 6 |24
Sal Lake City AP L] 8| 84| 66 | 32 Enu Clire AP .9 a3l 74 |23
Vernat AP 4 |- 6 88| &3 | A2 Fond du Lac 4 (- 7 87|23
Green Bay AP “ -7 &8s 23
VEAMONT Lo Crome AP 43 |- 8 as| ¥ |22
Barre 44 [-13 BA| 721 23 Machison AP a2 |- & 8| % | R
Burtingion AP M -7 gs| 3| 23 Manitcwoe M f-t Blnaln
Rutland 43 [~ 8 BS| 73| 23 Marinette a5 |- 4 8 ) 72
Mihwaukee AP 43 |- 2 gris|n
VIRGINIA RAscine a2 1] BR | 76 | 2t
Charlottsvilie 3| 5 0| 7| 23 43 o BY | 74
Danville AP 36 17 a1l 7N Stavens Poiny 44 |12 B7| 73 123
Fredericksburg 38 14 9z M| Wauhkesha 43 |- 2 BO | 75 | 22
Harrisonburg 38 g 9| 171 23 Wausau AP at |-12 86 2122
Lynchburg AP 37 9 921 W% | N
Norfolk AP % 23 91| B |18 WYOMING
Petersburg 37 18 Al M| 20 Casper AP 42 |- 5 801 62 | I
Richmond AP 7 18 93 MW | N Cheyenne AP aa (- 2 86 ] 62 | 30
Rosnoke AP J7 18 91| % | 23 Cody AP M -9 81 ) 80 | 32
Staunon 3| | 12 ) 77|23 Evarston a1 (- 8 8257 [
Winchester » 10 92 7 | 2t Lander AP a2 {-12 80| 82 | 32
Laramie AP a [~ 2 80|50 |28
WASHINGTON Newcastle 43 |- 5 891 67 | 30
Abergetn 47 27 80| 61 | 16 Rawding 41 j-1 84 | 61 | 40 -
Asitingharn AP A8 18 74| 65 [ 19 Rock Springs AP a1 (=1 B4 | 57 | 32
Bremerion 47 | 28 8| 66 | 20 Sheridan AP aa|-7 92| 65 |32 -
Ellenburg AP 7 6 | a9 65 | 34 Torcington 2 |-7]92)6 |30

EXPLANATION OF DESIGN CONDITIONS:

WINTER - 97%% inckcates that 1he temperature will be 81 o4 3bove 1he detign Temperature shown 37%% of the time.
SUMME R ~ 2%% indicaies that the tempersture will gxceed 1he desipn temperature shown only 2%% of the time.

QUTDOOR DAILY RANGE — The outdoo daily range of DB semperatures is the diifenence between (v overage manimam snd sverdpr
I 1Emper Shures during the warmest month at tach location. Reter 10 page 39 when outdoor daily range 15 ather than 20°.
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