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INTRODUCTION 

^ An analyain of the capabilities of the liquid oxy- 
gen system has been made based on the data presented 
in Report ZL-7-068, "Cllmatological Data Survey for 
Omaha, Nebraska; Spokane, Washington; Cheyenne, Wy- 
oming and Topoka, Kansas.N  The results are presented 
in this report. ( j 
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1. SCOPE 

2. 

This report contains an analysla of the capabilities of 
the liquid oxygen ayatem based on the data presented in 
Report No. ZL-7-068, "Clinatological Data Surrey for 
Omaha, Nebraska; Spokane, Washington; Cheyenne, Wyoming 
and Topeka, Kansas.'1  1 is study has been limited to 
the months of July and August at Omaha since this period 
and location impose the moat severe conditions on the 
liquid oxygen system. 

BASIC ASSUMPTIONS 

The following acaumptions were used as a baalR for the 
application of the olimatologlcal data to arrive at the 
system capabilities. 

A liquid oxygen storage tank of 28,000 gallon capa- 
city will b« standard at the sites under considera- 
tion. 

The liquid oxygen topping system for "D" series 
sites and "E" series sites will have a maximum 
flow rate capability of 200 GPM, except 65-1. 

The climatological data 
dicates that the a  mfcho 
Nebraska, will imp ao   t,h 
the liquid oxygen s. '»tern 
humidity, wind velocity, 
tions thereof.  Further, 
are fairly typical of th 
out the central portion 
fore, conclusions drawn 
applicable for other sit 
for sites in other gcogr 
and/or probabilities wil 
less severe conditions p 

in Report No. ZL-7-068 in- 
of July and August at Omaha, 
e most severe conditions on 
with respect to temperature, 
precipitation and combina- 
Omaha weather conditions 

at to be expected through- 
of the Great Plains.  There- 
based on this data will be 
es located in this area and 
aphical areas  equipment 
1 be more than adequate since 
revail there. 

In determining all probabilities in this report a 
standard operational cycle consisting of the follow 
ing steps was used; 

Load propellants * 
Hold 
Unload propellants 
Reload 
Launch 
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IQ each Inetaraee the hold time ref«rrad to is tb«t 
bold tine «hieb ean bo set considering the above 
sequence of operations. 

CONCLUSIONS 

Tha topping flow rate capability of 200 6PM for the sites 
will be nore than adequate for anticipated environaental 
conditions. 

Uissile environaental protection is net considered prac- 
tical for operational sites and based on the data herein 
it is not dceaod to be a requiraaeut. 

All probabilities, except the yearly curve, are based on 
oliaatological data for July and August   Omaha, Nebraska. 
As is borne out by the curves, this tiau und location ia- 
pose the aose severe requireaents on th« liquid oxygen 
systen.  Therefore, conclusions drawn and rooonaendations 
■ade will be valid not only for this particular site, but 
for all others as well. 

Based on a liquid oxygen storage capacity of 28,000 gal- 
lons the operational requireaent to locd propcllants, 
hold one hour, unload, reload and launch cannot be net 
by the systeo sue hour in every eighty.  If however, the 
required hold tiae ware decreased to 40 ainntes, the poss- 
ibility of a system functional failure (i.e., inability to 
meet the required holdj is decreased to only one hour in 
450.  In each ease the probability is based on the ability 
of the liquid oxygen storage capacity to sustain the re- 
quired topping flow rate for the hold tiae indicated.  To 
attain a similar probability (l in 450) for a one hour 
hold would require approxiaately 1500 gallons of additional 
liquid oxygen storage capacity.  The econoaic feasibility 
of this or any increase in liquid oxygen storage capacity 
must be weighed against the desired successful launch 
probability. 

The heat flux due to ice buildup because of rain iapinge- 
aent on the missile liquid oxygen tank becomes independent 
of wind velocity and other environaental conditions when 
the ice buildup exceeds 3/8" in thickness.  The boiloff 
rate due to this ice buildup will perait a bold of approx- 
iaately 50 ainutes.  This bold tiae coupled with the pro- 
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bability of a slgnlfloant rainfall occurring does not 
appear to be critical, therefore the effects of rainfall 
are not given any further consideration. 

RECOMMENDATIONS 

Based on the inforaation contained herein it is recon- 
sended that: 

Environuontal protection for the missile be deleted 
as a requirement'. 

Liquid oxygen topping flow rates of 200 GPM at "D" 
and "E" sites be considered adequate and no further 
design effort be expanded to increase system capa- 
bilities beyond these rates. 

5.        DISCUSSION 

5.1       Use of CnrTes 

5.1.1 Figures 1-6 are all cumulatire "more than" distribu- 
tions of rarions oliaatologioal items.  They are based 
upon Weather Bureau Monthly Summaries of the hourly 
readings for each particular item.  These particular 
curves represent data for the period of interest, July 
and August, extracted from references 2 and 3 and as 
such are based on approximately 4500 hourly readings 
taken during three typical yoars. 

These curves give a direct reading of the percent of 
the time which the graphed factor may be expected to 
exceed a given value.  With reference to figure 1 for 
example, it can br> seen that during July and August 
wind velocities in excess of 15 miles per hour can be 
expected approximately \6%  of the time and in excess 
of 25 miles per hour only V4t of 1%  of the time.  Con- 
versely wind velocities of 15 miles per hour or less 
can be expected 84%   of the time (100-16). 

5.1.2 Figure 9 is based on information contained in refer- 
ence 4 as applied to the "D" and "E" series systems. 
It provides a correlation between various combinations 
of environmental conditions and the anticipated boiloff 
rates a.d allowable hold times for these conditions. 
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5.1.3 

For example, with o. relative huiaidity of 80^, teapsraturs 
of 800F and a wind Telocity of 40 aph a topping rate of 
118 GPU will be required.  This topping rate could be 
aaintained for 25 ainutes baaed on the 28,000 gallon 
storage tank. 

Figure 10 provides an apprexiaate System Functional Fail- 
ure Probability vs. Hold Tiae.  A faaily of four curvet 
has been graphed and indicate failure probabilities for 
the following tiae intervals: 

January - Deoeaber 
July - August 
July - August  6:00 AM 
July - August  6:00 PU 

0:00 py 
6:00 AM 

These groupings were taken to deteraine what variations 
in probabilities would be encountered due to seasonal as 
well as daytime vs. nighttiae variations in the euviron- 
aental conditions.  As can be seen, all four curves fall 
within a relatively narrow envelops.  This would indicate 
that probabilities based on data cumulated over a one year 
period aay be used with reasonable accuracy during evet 
the aore critical suaaer aonths in so far as the liquid 
oxygen systea is concerned.  For hold tiaes in the 30 to 
60 ainnte bracket the evening hours during July and August 
are slightly aor« critical than other tiaes.  This is due 
priaarily to the higher humidity generally encountered 
during these honrs. 

To understand what factors were considered in arriving 
at these curve«, let us briefly exaaine the developaent 
of thea.  Essentially the curve is based on the data pre- 
sented in figure 9, a 28,000 gallon liquid oxygen tank 
and the anticipated boiloff rates due to various coa- 
binations of relative humidity, temperature and wind 
velocity.  Effects of rainfall will be discussed in & 
separate section. 

Hold tiaes in ten ainute inoreaents were considered 
sufficient to establish the points on the curve.  For 
each hold tiae established, figure 9 can be utilized 
to deteraine corresponding combinations of environmental 
conditions which would result in that hold tiae.  For 
example: 

.,; 

Hold  til 30  nin. 
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Correapouding anticipated boiloff 
and/or topping ratsi  104 GPM 

Entering the upper ri^ht quadrant curves Tertically at 
thia point any desired wind velocity Bay be ehoaeu for 
study.  Proceeding horizontally left froa the wind vel- 
ocity choaen, a serica of temperatures can then be read 
in the upper left quadrant.  Corresponding to each temper- 
ature chosen «ill be a relative huaidity value.  The var- 
ioua combinationa of environnontal' conditions thua ob- 
tained for each hold time conaidered ware tabulated. 
Probabilities of the occurrence of each cocbination were 
then coaputeii based on figurea 1-8.  For each hold tine, 
the vorct probability (that is the one indicating the 
□oot frequent chance for aysten failure) was chosen to 
be graphed since it represented the critical condition 
and that which was most likely to be encountered.  The 
tabulation below shows the governing environaental 
factors thus detorsined for each hold tine interval. 

 Enviroimental Conditiops  
Hold      Wind Relative 
Time    Velocity   Temperature   Hnaidity 

JULY i  AUGUST 

Approximate 
Topping Rate 

Required 

10 Min. 60 MPR 100oF 69% 200 GPM 
20 50 80 72 140 
30 40 70 65 100 
40 30 70 72 80 
50 20 90 63 70 
60 20 70 72 60 

6:00 AK-6:00 PU JULY & AUGUST 

10 60 
20 50 
30 50 
40 30 
50 30 
60 zo 

100 69 200 
80 72 140 
50 16 100 
70 72 80 
50 15 70 
70 72 60 
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 Environneatal   Conditiona  
Hold Wind Relative 
Tino Velocity      Teaperature       HuBidity 

6:00  PM-0:00 AM     JULY & AUGUST 

10 60 
20 60 
30 50 
40 30 
50 20 
00 20 

JANUARY -   DECEMBER 

100 60 
60 80 
50 15 
70 72 
80 68 
TO 72 
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10 Min. 00 UPH 100° F 69^ 200 
20 60 60 80 140 
30 40 70 65 100 
«10 00 70 72 80 
50 30 50 IB 70 
60 30 45 15 00 

Approxiaate 
Topping Rate 

Requi red 

GPM 

200 
140 
100 
80 
70 
60 

The baeie detaroining factor in arriving at the prob- 
abilities is the liquid oxjgen storage capacity t   28,000 
gallons.  All probabilities are based on coabinations of 
envirotuaental conditions «hieb result'in a given liquid 
oxygen topping fie« rate.  This flow rate in tarn can be 
sustained by the available stored fluid only for the hold 
tiae shown.  As the hold time is increased, the required 
topping flow rate decreases, but the probability that 
environmental conditions will be euch as to deaand greater 
flow rates increases at a very rapid rate.  That is the 
aild conditions vhioh perait lower flow rates and allow 
the extended hold are auch acre often exceeded resulting 
in inability to aeet the operational requirement. 

Effects of Rainfall 

Only fragmentary data is available on the effect of rain- 
fall 00 liquid oxygen boiloff rates.  In reference 4 ef- 
fects of rainfall in conjunction with wind are grapbed, 
however the rate ef rainfall used in arriving at the data 
is not aentioned.  One iaportant fact was that the heat 
flux rate bscoaes independent of wind velocity and other 
environaental conditions when the ice buildup exceeds 3/6" 
in thickness.  This buildup noraally occurs in approximately 
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15 ninute».  Thun it anpears that the affect of rainfall 
may be considered aeparately from other conditions. 

Utilising the heat flux data presented in Section V of 
reference 4 the hold time pousible because of boiloff 
due to ice buildup is approximately 50 minutes.  Baaed 
on teats conducted by Convair the rainfall rate utilized 
in the A. D. Little tests of reference 4 (comparison of 
ice buildup rates) was slightly in excess of .25"/hour. 
Tho probability of such a rainfall occurring is one in 
165. 

While the anticipated hold time because of ice buildup 
is important, a fact of equal significance is that dur- 
ing the 40 minute buildup approximately 14,000 pounds 
of ice will form on the missile liquid oxygen tank.  The 
affect of this ice buildup on the missile structure Is 
unknown. 
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