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COg H% 8 00 8 >10%

OOg ClOOppM Hz8 008 #ppM

7 7 7 —/i^co %: 6@A

#- < X # E K: %: & @ A ^ < 6 o ^ ^
L A: Z) z)s C: (O >7^-/ —/>

6 "C $b %> o
7 7 7 —7° 7
7 1 %r#E L ^ T##

28



- 1 • G

FLOUR SOLVENTSv y

FLOUR#LUROI#

#zKy°p kiixx^—— iNMP ( n -y k.°p V KX )

1 4 0"c4 0 °c

7 0 atmE % 15 a tm

NMP 1:^6

( POO2=10 ata)J^ 

i/ y ^ ^

±(Oi#E-cttoo2

^ ^ -C&&o

1 0 < %^co''C#W#

^ 6 o
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— y y a y (PSA) ^ 7 ^ y y . 7 K y — y y a y (T 8 A) o

7I< L ^ % o

0, T S A o # -& ti

b K Z ^ ^ j% #

f 6 o ^ K % L , P 8 A % ^ H ^

K Z % ##, a%#irfT%:^o

y##i#<ox#2, #a

g]8-l P8 AhT 8 A bolt#

— y — y, y V y? y 7Z 2: Z <
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#8-8 P 8 A K Z 0 6^##

D T ^ 6

^#4W@#

Ng

CO

A

CH^

C2H4

C2H0

CO2

C2H2

Hz 8
C3H,

#A ( 7 6 0**Hg ) 
(°C)

-1 9 5.8 

-19 1 
-1 8 5.7 

-1 6 1.5 

-10 8.7

^ ##<o @m

C3H3

NH3

CH3OH

H20

QHio-CgH,,

( 7 6 0 Mg )
CO

-4 8.1 

-8 8.4

6 4.5

10 0

-0.5 -1 8 5.7

- 8 8.6 8 0.1

- 7 8.5 jx/IxzcX 110.6

- 8 8.8 ^ryyy 3 8.4— 1 4 4.4

- 6 0.8 18 6.8

- 4 7.7 77-yy 1 4 5.8

81



1— jltx to (C V ibt^"C V 7 p ■— 7 ■— h % IEI 3 — 2 lc tjn o P S A ft tiit 2
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kg/cB^G'tr&O,
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1 0 0
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3 — 2 — 3 /rf ^

&##&(DzK#^7^lgzK#

##*, Pd-%#&K#^<yE#^A# 

a(0^%^^mf6K^Ll:\,^6o ( — AS: % K ^ 5000-6 000 NM*/H ±

Pd - % %% Z 0 f C E y ^ E y \,' 6 o )
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A % o

% "C $) D
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20 ^ / cm' 
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60-7 OVol %

Ha 95Vol%

(9 5Vol%l^

Re-
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o m$s $ ^ % m

:/ — / , ix V ^ ,

%» O

^r<D#6^x^y, x°p^<x^4&M^7K#(D##A^4&<,

^#<D7P — iX— X # 8 -

7° px< 7 ^ K Z
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gi3 -7

8-4 CHz # Z#C,Hs ^ ## #
—

m #
# I§ # ^

—
m a

cm CsH* ""cm t Cam
i*r§dg

EH kg/cm" G 8 1 2 0.9 8 0.8 20.7 0.2 0.5

a& °C -18 0 -18 0 -18 6 -18 5 -18 0 -128

3 O

% 9 5.6 9 8.9 9 6 9 9.9 9 9 9.9 9 9 2 6.9 6 8

Ng 0.4 8 0 ppm 8 0 ppm 1 8.5 1 0 ppm

CO 1.9 1 0 ppm 10 ppm | > 8 6.0 2 5 ppm
1 ppm

cm 2.8 1.0 6 0 ppm , 2 8.6 | 8 2.0

CsHs ne g 1. 1 0 0 p pm

10 0.0 1 0 0.0 1 0 0.0 10 0.0 1 o o.o| 10 0.0

gp -b / ^ N% & ry cm ^ ^ ^ H., ^ 5 K y

p^y^##'tr^^Kl%@A^#L-C\,'6CH4^60ppm^T|#^L, ^

0 1 ppm@g±^|^^^K6o

Linde AG , Air Products and Chemicals fe ¥

3 0,0 0 0NM=/H t <0 # ## L 1: \,^6 o
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3) zt#mf^i#-f^mfKm#L-cmf%^m%fK#xL%o cm#)

4 ) (#&##%)

5 ) ) 2: % % <,

7 )

c <D z 5 K ## ## 7-;^
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y f- — A --------^
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4
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7% ^

^ / B )B^ ^ Hg
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J^To##'r#MLi $o 

4— 2 ^#zk#OB^

LT3$my ^ ^ )± 6KBmf-6o^ — #:^"e 

^3o/J\##em6LTd:, m^^6LT150mE^E#L^#E^ 

e^##:6L-CW:10NmV^:#&T#)6o L^L^^S#E

^mK#ffT6$7):^#6^^L^6o ±#emo — ^0^&6LTK

06 UTm^^msoBftmAyTmTKeM'f

BP'S, #:a^^(pmL/t%

7t^zk^^fa/j^<±@o^#^6  ̂

^-CV—^oi 

$^^#^J6LTM:, #:Oj:5:%#J#&&o

1. : 5 0 % Hg , ## : 1 3 b i 1 1 i on f f /< V Beynes

2. i) ^ I He , §1 ! 3 0 billion ft3 , Bf -&% Texas. Amaril lo
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1. # # # ^: 3 >/ y 1% v —

2. — 3^yixy^ —

3. [g ^ 3% ( ^ y V =L — , ;i/ — 7 , # ,L' , g' # # # ) 3 y y lx v f-

ci%6(D3>/7'i/y^ — yea, a%

e:^yc^wi:aig|4- i ye^ro#:%^^L
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( ib # % # # K )

:A%K /

b

100 ^ $ 0 1 B ^ !) OTk#^^###a 2020^B#Tm^^O:

%#m%#6L-cT"<TzKmy'^yc^#'g^6%o6T66, -toma 

# ye 3 6 1 0 ^ NmV d ay ( 1 5 4 ^ NmV h ) K # a 6 o %^0%k*E##(D 

m # tl a , 15 0Ky/(^ T 5 ^ NmVh ( NH3 ^ ^ ^ & 6 ^ , 3$ # # ;%

^>-^omm-m±im#e2o Ky/^ ^a&«bco#mom^#@Ta, m

4 — 1 T ^ 7t # -a ^ — tf x ^ 3 ^ 7" Tx v f- — 76^ 10^15 ^ NmVh @ ^ (D

^ — ^^.^xyb/v-y — ^10^
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zK ^ ^

KW

# #

Nm? /h

E ts

k$/ a? r qm

e
# #

^ % ?IJ 8 # 3 m 9 0 4 5 0 11/2 5 0 40 0 2 19 69

^ i ^ i m i m 1 5 9 0 0 18 5/150 2 9 0 1 i
¥ M.M .4, ft 2 m 18 0 1,2 6 0 9.8 5 8 5 i i "

m m i ?ij i m i s 2 6 1,0 5 0 2 4/8 8.5 45 0 2 | 19 7 0

15 0 1,0 00 9.9 5 5 7 1 "

m * i n i fs i m 2 2 8 00 8.0/9.9 400 1 ! ”

4 5 2,5 00 4 5/6 0 4 5 0 2 1

%[q]^4^lj4#8m 2 7 0 1,2 00 6 0 5 0 0 2

" 2 ?ij 2 # i m: 2 8 0 7.9 0 0 2 1/8 9.8 415 1 19 7 1

" 2 8 0 1,9 0 0 8 0.4/8 9.8 415 1

%[o]^2^ij2#im 2 7 0 1 1,9 7 0 19.5/28.9 415 2

*' 140 4,8 8 0 2 6.5/4 5 5 8 5 1

%rq]^2^j2#im 18 0 8,0 0 0 2 5.9/89.7 5 0 0 2

m * i n i n i s 6 0 1,5 8 0 2 8.5/4 8 4 5 0 4 "

%[pj^4^lj4#8m: 5 00 2,7 0 0 8 0 49 0 2

^ 2 ^IJ 8 # 8 ^ 8 7 10 0 4 5 4 0 0 1

>^[A]#4^ij4m2m 1,64 0 2 0,8 0 0 1 5.2/7 1.7 3 7 0 2

)^fq]^2^2#2m 16 0 2,2 2 5 1 6.5/6 2.2 49 0 2 19 7 2

m k- i n i n x s 4 5 99 0 11/2 4 42 0 2

# ® i is i e 2 5 0 2 9,1 5 0 204/288 82 5 2

S [6] S 2 ?1 2 W 1 s 28 0 9,0 0 0 18/2 4 49 0 1 19 7 8

25 0 3,18 0 8/3 7 42 0 2

& » i n i n i K 8 0 96 6 2 5.5/8 9 2 5 0 2

2 2 1,8 0 0 2 5.5/2 9.5 4 0 0 2 "

4 5 100 15 0 5 0 0 1
jf — kTy

%fp]^4^lj4#8m 9 00 4 3,0 0 0 1.8/8 6.2 5 5 0 1

%[q]^2^ij2mim 2 0 0 3,2 4 0- 0.8 7/3.5 8 5 05 2 1974

10 21,250
% ^ # 2 ^lj 2 # 2 m 1,4 5 0 1 7.9 2/6 6 8 5 0 2

2m 26980
" | 1,4 5 0 /, " 8 5 0 1 "

%iq]M2^ij2mim: 115 2,8 8 8 11.5/2 7 5 0 0 4 "

# ^ i ^ij i m i m 7 5 4,5 0 0 1 1.5/1 5.5 80 0 2

1,8 8 0 2 1/8 7.6
% iq] # 2 ^ij 2 # % e 2 2 0 1 420 2

9,6 0 5 2 8.2/8 7.6

* fq] M 2 flj 2 m 2 m 6 2 0 8,4 5 0 14.9/7 1.2 82 5 3

8 00 11,0 0 0 1 4.9/7 1.2 8 9 0 8

^ ^ i ^ij i m i m 6 0 1,5 80 2 8.5/4 8 4 5 0 2
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^#^03 x / x v y — ^ ^ M ^ LTzk#^t L t ^ % K a

# m m ^ 6 ^, #K:7km^^K%-f6#m^o##tu-ca, # # # ^

— # )# t (d: /J^ "3 < ^ 6 o ^
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# jt ^ < 6 6 # K a ,
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%#r|]Kro]_h'g-€r6$#&^7%o & O # # ^ — y^boZCAKZc

T, A # # , ^#6#%oTi^6%:

5 $ o

hst#^u:m4—

^#(DZ$^i5o-20omma(D-if%)-f, %#EtiM:20Mg@m'r&

i) , — #o##A#^A#zK#fk#

Kjt^T/J^Wo (#4 — 3 A, #4 — 3 ^

j) (D3^ b ^^cDiy^TA^jt^-C^^T^^^O^K^^-ca, #4 

— i 4T#:#3T?7o/co ^ o # T A -c % , ^Ezk^a^m^^m'y^'T

6 U"CO/J'###r^;/;%'T.A 6 L-CDl#^#&ip#

3 o (&L,

4 — 3

7k#a#Ki#[^:TW:^@mtLi:#ikLem, —

L # L 7± # ^ ^ ^ ^ 4f — # # 6 L"C(D±#;(D%K%

5/4/7%#, 7%^A/%#_k(D#^:%6&#(D^M7)^gWK:^ 6 6 # A ^ fL

&Q ^(DAKOW-CM:, A # ^ ^ ^ ^r — . yy.-%-^^:#:(D#^:#^^W

a: \ Ta, 100^A#5$K^#/S:7k#^^#^, #

^ K # fb , emL#6#^$#^#ML-CAI$o-gT3.G10^ NmV h

oA$^^^#fbmmT6^Ka#ik^^a, # # * * -c 1815 mVh =

1 2 8.5 ton/^ =3,0 3 0 ton/^ ^ 75: 6 o

m%om^#A#<DA$#fk#(d:#{k#^60ton/j^y T & D , A m

75:^# 4— 4 K

x, ± m * m m <k # o ^

^ % A J [/ ~7 n — • y — b <D —■ ^Ij ^ 0 4 — 2 —“(A) A. tf 0 4 — 2 — (B) lf€ TF

L ;% o
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4-2

(1) D _ (
TV

t =
PD

100 f? -P

(Kg/m^G )

+ \
< ^ Eft ( mm )

###& ( Kg/mm^)
( 3ism#2 )

T = mD^xtx/)XlO

(4) Croat = T X @ C

M" ^ h (y ## (yen/km)

(5) CEotal = ( 2.2 6 ~2.5 9 ) X C ma t

(6) —

# #

(7) C total = C'total+#t##

(8)
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4 8 - A 0 ^ zK ^ m

TkS • *#<&##
» A # A 7k### % % ^ % zk # # # '% * PH?= I atm

<D
M (°C)ro re; (wt%) %*: 1

%E
l atm

8.99X1 0^ 5.4X10* 0.992 8.9 2X10* " 28.6 70 3

* S
BE

150 atm -259.1 -2 5 2.8 10 00

1.349X10* 081 0.99 2 1.338X10* 2 8,6 7 0 3 87
-2 5 2.8

% # (-252.8t) 
0070 9 4.2 00 9 2 0.0 70 2 8,6 7 0 2.03 3

a # 0.0808 4.8 0.99 2 00 80 28,670 2,3 20

TiHj 4.0 4 3.78 9.1 0.0 4 0 0.1 51 1.1 5 0 4,27 0 6 50

7k#-fk%
MgH2 7.66 1.4 5 6.6 00 76 0.110 2.1 8 0 3,1 6 0 284

L aH3 1.9 6 5.26 6.2 0019 0.100 5 4 9 2,8 8 8 200

LaNi$H, 1.60 7.95 7.6 0.0 16 0.127 4 6 2 3,6 76 <2 5

t^-t
St #

-77.7 -3 3.4 17.8

0.771X10* 8.2X10* 0.1 77 0.136X10* 4.4 4 0 3

m #: (-79t)
0.81 7 8.7 0.177 0.14 5 4,4 4 0 3.6 3 0

y ,» y — a- -9 7.8 64.6 12.6 0.7 9 2 8 6.0 0.12 5 0.099 4,7 6 0 3,7 8 0

--------------- ------- - m # ky # # kp |

Hg *(2000psi ) 10 4 5 3 0

Hz % # 1 6 1 4.6

My -4 KS< K ( 4 3 16 4.9
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4 4,

Company
Air Products 
and Chemicals 
(U. S.A.)

L' Air Liquide 
(FRANCE)

L' Air Liquide 
(FRANCE)

Air Products*) 
and Chemicals 
(U.S.A.)

Union Carbide. 
Linde (U.S.A.)

Location New Orleans, 
Louisiana

Le Blanc- 
Mesuil Seine

France Marais 
Nord

West Palm 
Beach, Florida

Sacramento
California

Plant Capacity 
(ton/day) 30 0. *68 0.84 30 60

Year on
Stream 1965 1964 1966 1958

Source of Hz
Natural Gas 
Steam Reform
ing

Cracked NHz & 
Cylinders Coke Oven Gas

Partial Oxida
tions of Fuel
Oil, Natural gas

Natural Gas 
Steam
Reforming

Purification
methods

Partial Conden
sations 
Adsorption

Low Tempera
ture Adsorption

Low & High 
Temperatr.e 
Adsoptiou

Adsorption
MEA Scrubbing 
Absorption & 
Adsorption

Compressors Reciprocating 
(Nz & Hz) Reciprocating Reciprocating Reciprocating 

(Nz & Hz)
Nz-Centrifugal 
Nz-Reciprocating 
H z-Reciprocating

Refrigeration
Reciprocating 
Expander 
(Nz & Hz)

J-T Expansion
(Hz)
LNz from Out
side

"^'.irbo Expander
(Hz)
Reciprocating 
Exapnder (Hz & 
Nz)

Turbo Expander
(Hz)
Reciprocating 
Expander (Nz)

Turbo Expander 
& J-T Expansion

Ortho Para 
Conversion

Temperature
Levels

7
Catalyst,
A. PAACHI

Temperature
Levels

2
Catalyst, Iron 
Oxide

Temperature
Levels

7
Catalyst, Iron 
Oxide

Temperature
Levels

5
Catalyst, Iron 
Oxide

Houdri Catalyst 
to 95% Para

Cold Box 
Insulation

Proprietary and
Evacuated
Perlite

Vacuum Perlite and 
Vacuum

Rockwool & 
Perlite

Perlite and Hz 
Gas

Storage 
Capacity (m*) 3780 10 50 75 3000

Distribution
Rail Roadcars 
Barges
Trailers

Trailers Trailers Trailers Trailers and 
Tankcar

fS & l ^
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IEI 4 — 2 A

* # fk & # B m @

Hz

^^1/H B:AM#

He
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^ 4-2 B

30 ton/ 8 c - y-1'

f t -v a aaM#fk*a A, ^ ^

fvt,y »/<?$%##
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[X| 4, - 4

Refrigeration Capacity vs. Power Requirements 

for 4.5, 20, and 78K Refrigerators

lO
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10

"^
121 4 — 5 — O ir ^ ^ ^

MASS ENERGY 
DENSITY

VOLUME ENERGY 
DENSITY

LPG

& A
E3#yvx^y^
E3
I''':::/ .//-x'Va ^ ' 9" ^ X^^fk#
r^:^:->-:y ■■ -M gk— ? i~ ~y v j* ‘ ~ y *r ^zk#fk#
t ..... " 1 14 0a tm *"x-<

* *
%g # y v x f x f
F%) — - y ^ ^7k#fb%
CZ] ^ ^ ^ x7k#fk%
I !
|.............. /. ^Oatm^x-;

( ^ ^ ;x ^ Ip )
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5# 4

2o^m' ±

^ :/f 10 /J\

PS. 3 V%/ u- - _/L..n------  _ . . A

±##

//

1 #:

2 5: 

3#

y ^ 7' i/ y gf 

X LNG, LNg

2 #:

LOXmo@^f y ^ # 4
^ #

-6&CX7 K^U?t

#5 ^ o % # K: a 1 8 1 5 m'/h X 24 = 4 3. 500 m'/ day % O ± # # O ##:

Peak shaving

-gi%-%:^6%(D-e 3 4 00 m'(D##e^^TW6o ##^^6##:*#^ 

m#Of'J3r#4 — SK^Lit-. ^ jr K % L , g m T a , ±) -f ^ K 3 m' O

LOX, LNg , LNG

eo.ooom'o

±:6(D##3400 m'(Df7^-"C, # K: 0.0 3 %/d ay O ^ ^ ^ ^

4 — 4 Am7k*{k#o#jm^em

4 — 4 — 1 # ^

#< OTb^^KlbL-czk^ib#

, zk*fk^#3r^J5%T6o

^ ^ zk $ ib # , i%W7c$6o-t-^^zk # ib ^ # <b # f- 6 o

Zk # ib ^ & V^ $ COUCHt, NHs , Hz 0 # T & !) ,

Tzk#ib%3:## 6o

zk^ib^^^^-C {f±, A# <bzK#<D^'a'(D##(%> ^ O 1 $ ###
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% 4 - 6

Liquefied
gas

' Capacity of storage tank (m3)

U.S.A. Europe Japan

LEG 2000~3000 (sphere & doom roof)

LNG max 45000 (doom roof)
LOX
LN= max 3000 (sphere & doom roof)

LHc max 4000 max 50 max 0.3

LHe max 120 — max 0.3

#4-7

: 8? as % ];
■( * Pulton ' i f£

■ ,
.mm J

i niiif Oh Jj

ilk/cdG 1 rc i : # K

' afl-fl// 4,015 :
: ' 2.0( K)' :

19. 720 
21.520

: 1. 0 -104.0 1 A50S3-0

a ft s& a
: 595

400;
9,100 

10,900 1.5 -183.0 : 9%\ i
271

( 500:,
j",0 i-"i 8,260 

10,600 ; 4. 0 -183.0 1 '/

: 2,008 ' 
'( 1.000'; ^H'r)

15,600 
17.400 : 1 . 0 -104.0 ' SUS27 '

3, 963 
( 2,000)'

19,590 
21,390

1 1.0 -104-0 : Aol^-O

^ ft; ^ SR 878
( 1.000) ;

12,380 
14,730 : 1-5 -183-0 ;

; w; m sR
875 '

:r 700);
12,330
14,780 : 1. 5 -196.0

i ^
! *

: ^ ft; % #
878

1.000
12,380
11,780 ' 1.5 -183.0 0

f$ m $ i 700 :■ ■
p^irA 12,660 

14,780
: 1. 5 -196.0 , *

^ ff # ,R
1.756 . 

f 2.000)
iYf; 15,GOO 

18, 000
! 1 . 5 -183.0 ■ ^

i ^ ft; 3E ,R 825
( 50i;) ; ^ if?

11,050
13.450

'2.0 -196.0 *

f& % SR
271

:' 300)'
3,300 

10.700 ' 4. 0 -183.0 i * ’

GO



7

: a? ^ (mm; ."'lutHiA' - 
: (kg WO) :

rl.it .
iC j ft n

: % ft ^
: 180 
;( 200r

(4^6.740 '.5.101) 
4'/ 9.14" x 6.810 0. 1 i -183.0 ' A 5083-0

I 1,110 
l( 1,300) :

nO-lU.lv "11.70 
^I3.57ixl3,785 0. 1 - -183.0 ; 9 %X i

; % ft: ^1 ^
' 300 :
i ( 210)

(4# T,2x)x 7,01"
o <■::<; i v Q ;ju") 0. 1 i -196.0 ' ;

j # ft i% ^ : 410 !
( 500)'

(4# 9,^!< 6.451' 
^6711,OOx S.47X 0.15 ' -183.0 | 1

: 880 : 
i( 1,000': '

K^]U5"' 8.915 0.15: -183.0 '/ '

"
i 400 '
l( 450):

)4f'lu. 18"X 4,710 
Vr'*l2.:30/. 6. "50 o.i5 : -183.0 ; A2P7-0 1

! • | 440 ;
!( 500',

(4(0 9,2ucx 6, 450 
%#ll,6%)y 8,473 10.15 : -183.0 1 51:827 ^

! ft % ^ 250 i 
( 200,,

P4M) 6.950 - 6,3X) 
9.574 - 60% 0. 15 i -196.0 I

: % ft A% ^
: 2,200 ' 
u 2,500) :

I'^ll.U*: "14.2'."' 
%% K"' -16.40" 0. 15 , -183.0 9 % X i :

. : 400 '
!( 456):

^)^1U, 1X0" 1,740 
M2.580 x 6,95() 0. 15 -183.0 ; Af)i)x3 - 0 '

'/> ! 880 : 
!( 1,000) :

1S^1U50:< 3045 
-%71:\55" -n.rou

0.15 -183.0 ; 9 %Xi

! I 8SU :
!( 1,000)

(4^11,1.7')/. a. "15
(-4-4:-;. 571 \ll/.4iO 0. 15 : -183.0 1 S L' S 27 :

# ft: m ^
i 880
' 'TOO'

1.1:7; -. 6.915 
^^13.350 \ U. UK,

0.15 : -196.0 -> i

: % ft!% :t:
; 1,141
:( 1,300) :

(4^11.1^1 \ ll.T'i:; 
^0713. 5.7J13,755 0.1 ; -183.0 : 'f \

L X G
I 45,000 
: ( 21.000 '

(4% ^^8,?co 
M6.4O0 "'31.^7

; 0. 1
T

-162.0 : 9 %Xi !

-
| 45,000 
i (21, 000) :

P4^14,".0'x 28620 
ion :'4.:,\u o.i : -162.0 1 ❖ :

; % ft e% #:
' 300
; ( :ii4)

(4P.1 T,2&Ux T.ulO 
9,66-) < 9.09-2 .0.1 -183.0 A 5083-0 ,

I %fL^f!/> 281
no)

Cr5 8,910 \ 6.560 
\7lO - 6,257 0.1 -104.0 ;

. L X G 1 35.000 
' (16.500)

['/, J,37"X23.620 
^41.3'i " 31. HO ’ o. 1 ; -162.0 : 9%Xi :

; a^fL> : 4,000 .
:( 1,092) '

m^lT,560x16.520 
(4^19.360.-18.560 0.1 -104.0 , A 3083-0 :

: ^ftm ^
880

:( 700)!
nK%l,15uY 9.U"J 
^3.550/11,000 -0.15 : -196.0 ■>

# ft # #
702

|( 800)
Fi^ll.l3'x 7,2')0 
M3.550/ 9.307

0.1 ' -183.0 * !

1 % ft ^ ^ 481 :
( 385)

(41-3 9,2ix)^ 7,25) 
Mll.O"Vx 9.31)0 0.1 -196.0 > ;

; % ft % a
263 ,

( 300)
Ah') 8.45Ux 4.7(K) 

550/. 6.7CX) .0.15 i -183.0 : ♦ 1

! % ft ^ ^ ! 250 ;
:( 2oo)

(4^ 7.280.x G.O'.'O 
M 9,%0x 7,%0 0.15 , -196.0 ! '• !

?f$ ft @3 $
' 1,750 :
:( 2,ooo)!

(4*?14. o.'U x 11,200 
M4,460.-13.470

; o. i i -183.0 ' ♦ ;

| % ft ^ m | 1,123
:( 900) :

(4^12.120 x 9,700 
M4.520xll.910 0. 1 -196.0 j ❖ ;

: # ft 6% 3?
3,160 

: ( 3.600 ) :
M6.960x14.000 
W-^9.3A)xl\%

0.1 i -183.0 ^ I

❖ : 873 ;
'( 1,000) '

M^12.120x 9.720 
Mil. 320X11.853 0.15 -183.0 j ❖

| % ft ^ ^ 1 878
.( 700i.

74^12,120 x 9.720 
^6H4. 520X11.853

: o. is : -196.0 |
i * .

i 5,247 
l( 2,520)t

(4^1,946x21,260 
M23,163 x21.%: : o. 0 7 j

i
-103.0 1 *
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7

i ' ( !f*Jton
x (5 &

[Am] (kg/cmG]- [C]
^ n I

^ # ft 8% B 1,140 '
' (1,300'

m^l.l50xll.7(X) 
W3.550/1:3,785 o. 1 : -183.0 A .5083-0 i

|.
! o

300 :
' ( 264 )

mm 7,280x7,010
^9.#: ix 0.(02 0. 1 -183.0 A 5083 P-0 ;

^ #
, 250
.( 200 )

(Yu 7,2M' < 6,MKj 
9.681)/ 7.960 0. 1 ;1 -196.0 A5083-0 :

i : 8,000 
'(' 3.000)

lMiij25,37u A 19,440 
W5.170x20.950

0. 2 I -104.0 A5083P-0 1

: ^ ^ % m
878 , 

if 1,000)
^|Mi, 150/: 9,"0n 
W3.55"xI0.98" :

0. 15 1 -183.0

: m ^ ^
875

( 700) ^f:3.55o/10.980
0. 1 5 ! -196.0 , it

i ^ ff 8^ ^
880

( 1.000),
:^ll, 150 X 9.000 ' 
^^13.550/10.980 i 0.15: -183.0 A50S3Q-0 '

# # m #; 880
:( 700),

9,uOO
3.550x10.980 0. 15 1 -196.0

! 500
.( 400)'

mm 8.250 x 7,500 
WO, 650 x 9,470 | 0.1 ; -196.0 A 508.30

f^ % ^
2«

; son,
mm 6.450X 4,7(*j i 
W/.S50v 6.7* i 0.1 -183.0 '

- -f
;

%%f 1/ / 4,00 0 .
( 1,098 ) '

K^7,560/17,%0 : 
W9,7%xi9,roo i 0. 2 -104.0 | * i

?f$ f t ^ ; 440
:( 500)i

9.210 X 7.350 i 
W 1.610 x 9,350 i 0. 1 j -183.0

^ ft: %' #
625
500)

mm 9.210 x 7.350 ! 
Wl. 61" x 9,350 1 o .1 : -196.0 // !

L X G ' 45,0('O 
(21,O(,0 ;

mm-: 1.80)1/23,820 : 
400/31.876 i

0 .1 -162.0 1 9%Xi '

45.000
(21,000,

mm44.NV'/26,820 ; 
^H,x\l*v31.620 i 0 .12 ; -162.0 , *

-
45,000 

:(21,000)
iSm 14.614X23.320 ' 
Wf6.4* x 31. ',20 i 0 .12 : -162.0 | A5"83-0 ;

'/ 45,000 .
: (21,000 )

mm:-i.':,'0'2.\./2o -
',4^:5,40;'<31,875 i 0.12 j -162.0 j

// . 60,000 
' (28,000)

mm51.5"0 -28,820 i
vU"03,2:10/32,315 0. 12 : -162.0 1

i
; 25,OhO 
ini 080)

m'?3.n\)/2;,220 : 
viifr "oo vo i 0. 12 j -152.0 | ' , ' 

i

;|; y y h -1: / X y |- ^ ;

* « ft
mjf _/ 4!- « "1 ' . "7 L. >

(mm j ; WciiG) (r : ' ff R
"• * = V):™:, 3(). 000 y M, 150 0. 1 i -162.0, SGS27

' 60,000
' * ' (28.000) 50. (MX) 5 32,280 0. 1 : -162.0

, 60,000 
'(28.000)

60, OO0 > 23, OO0 : 0. 12 i -162.0

' 60,000 i 
i * I (28.000) 60,00(; / 23.000 0. 12 ; -162.0 » :

: 45, 000 , 
'(21,000!

51.0O0X21. 350 0. 12 , -162.0
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4-8

Location Type Capacity (m3) Inner Wall Insulation BoirBff----- :
(%/day)

Los Alamos Scientific
Laboratory, Univ. of
California
Los Alamos
New Mexico

Double Wall 
Sphere 200

1,900

BUS
Evacuated
Perlite °.2 ,

USAF LH: Plant
West Palm Beach
Florida

380 ---- - — i

L’ Air Liquide
LH2 Plant
Frais Marais, Nord

— 50 ---- - Evacuated
Perlite ~ i

Air Products
New Orleans
Louisiana

— 3,870 —
1

0.5 1

!
Union Carbide
Linde Division
Sacramento
California

------ 3,000 — Super
insulation

i

0.1
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2)

3) ^%^^mzk#<b#

(D7c##^oi$%7k*<b#ar%2G%L,

— 6 T 6 o ( M # , # K ^ ^ 

1), 2) ^!^#LT^m7k#{k%^Z^^hKf6o ) <: 

^5(D7K#4b#tt{b#B^€i@#K 

# & #K "C # % %' # , &(DZ 5 ^ ^ ^ 6 o

1)

2) #fb#0#7CKZ6#3E

3)

4 — 2 # ;#

%m{k#i#;5&K:i6*#{k#(Dm;eW:, # & & w 0 7 a v # #

T^,6^, igmT% $o A#zk^ib#e#

ik%om7[:KZ^Tm^f-6^J6 U 7

C a 0 +M g + H2 —* C a H2 + MgO 

T i 02 +2C aHz ~> 2 C a 0 + T i H2 + H2 

^$)&o #{k7k##"^A#6Mf5'3"Wr'Co< 6 # ^ & I) , N b H2 (d:

COI $KLTf;#'2iL7to

g| 4 — 7 a A # zk ^ ib % M% Ozk$E6m5%(D# M# gl ^ ^ L it 

%(DT&&o-^m^TAm6zk#^^^-g^66, ^ ^ K zk ^ ^

@ ^ %<)-%:#<#, &

##^-t^Tzk%<b#;K:^fbf6iTzk 

^r(D#^e@^66zk#a%a^^m6W: 

MfB-Wr-f, zkm^^^-C%^OzKmE^:i#<^^7teT#)6o ^ e @ 

& TAm^K^m-g^Ttzk^em !)

^##0#EPM:^OZ $K#:b3fL-t^&o

1 ogP = “ A/T + B
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4 d- X -> /A-

T ^ ^7 U ± # 

I A ^ . E A #

(LiH, NaH) (MgH% , CaH% )

FA —

(TiHg , NbH, PdH)

o
CK

m A ^

± # —» 7 ^ ^ - K

( L a Hs , UHs )

7k ik % (h ik ^ ^ (D6

^ Z n ----- ^ ^ ^ ^ ^ "C

IB - m B#

( C uH, A 1 Ha )

F

( 8 i H^ , G e )



Tem
perature °C

'X 
7k#^O

gll - #6%
®

@
<£>

-a

4

m

Pressure, atm

P
5

S

Sf
b

560°C (M
gH2

)



El 4 — 8 ± #G O ## #

#4 — 9 K < O ^

OTk#fk#K^w-c(D%## ^r^f-Q A # 6 zk # # ^ t o & # K

Z6zk#ik#o#^K#Li:, A # o ^ # K % z 6 ^ # o # /J^

z):m#^m-f»h^oi:w6o zk m m, ^ ^ t

K d: O Z $ K^#^zk^OMj5^AA/"CV^ < ^^^U/t(Z)^E]4 — 

9, |%14— 10T&&O

Ni ,Cu 6 K Z ^^L6f!i^&6o &

O I C-C^6o

4 — 4 — 3 It M,

A#zk#fb#KZ 6zk#olrmK^L-cM^o i $ ^ # A ^ ^ #

^ fL jr M ^

2) oe mo mo*^

3) m ^ o

#4 — 1 0 K M , — X

#4 — 1 1 KM,

556K^g^M6^^^^r — ^ zk # T 3 %)> /% $ # K /E' ^ ^ M 6 A # zk 

:#4b#!0##, ##Ko^-co##:3:zRf-o # 4—1 2KMA#zk#

{b#om^^zkm#mEo###(D,-fij^^fo a^^oemK^u 

Tzk###mo#/Ws*2=:e#:%)6m#:%Bf6;5:&o # T @ # CD

^JA#&&o J^AoA^^, Amzkm{b#(M#EM.#:,

4—5 ####6#^

a:fL^zK$^^o#^m^6o##5tj:#Ko^'c##L-c^yt^,w 

-f fi o # A K % , ##M%Wo

%^"C,
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^4-9

zk $ lb# A B (Kcal/mol) -&G°i (Keai/moi) -AS (Kcal/kmol)

LiH 9600 11.23 21.79 16.16 18.9

MgHg 3830 9.76 17.79 8. 17 32.3

CaH2 9610 7.35 41.65 32.61 30.4

LaHg 10847 10.64 49.6

TiH2 6671 9.35 29.6 -20.6 30.3

ZrH2(t ) 8040 9. 18 38.9 - 29.32 32. 1

NbHx 3575 - 4425 6.17 - 8.77

4-10

^ Ezk %

(200^. & )
# zk #

##**#(***/, ) °-99 0.99

(g^iycc) 0.016 0.07

^ # ( cal/?)
(cal/g) 33900 33900

(cal/g) 568 2500

Mg(93%Wl(6% V 1 Nb
(200 ^.BE

0.070 0.021 0.0084 _ _ _ _ _

0. 125 0. 103 0.071

2400 704
i

285 13000

4270 3520 2430 1900
1 . . . . . . . . . . . . . . .

n- ^ ^ x
(##) I

11400

8000



Tim
e, M

inutes

2.2 cm H% 
pressure ~

6.6 cm Ht

1.1 cm H.

2.2 cm H'

0.6 cm H'
0.1 cm H'

140

Time, Minutes

^4-9

Absorption, cm3 of H?/g of Ce

650°C

440°C

235°C

^14-10 -t V ^
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#4 — 11 zk###E

m ¥ W fs # E |

Mg(93%)Ni(6%) 0.1 - 1.85 3 atm. at 323°C 1

V 0.83 - 1.87 4 - 9atm. at 36°C '

Nb 1.15 - 1.95 3 - 9atm. at 58°C j

LaNi5 1 - 6 12atm. at 80"C |

MggCu 0.1 -0.9 4atm. at

UoC
OC
M

FeTi 0.1 - 1.0 lOatm. at 50°C j

ABg

c-i

r-t

____
i

50atm. at 60°C !

(A: La 27, Ce 50, Nd 16, Pr 5, other 52 

B: Ni )

4

zk zk ^ o # # % * » *

Liq. Hg 100
........ 21.0 ^... 300

CH4 21.13 83.5 201

MgHg 7.66 275 190

aih3

00oot-H 208 160

SiH4 12.55 167 247

CaHg 4.79 438 230

TiH2 4.40 520 133

LiBH4 18.51 114 m

LiAlH4 10.62 197 216

Mg(BH4)2 14.93 141 108

MggNiH^ 3.60 606 I <190

LaNi5H6

00C
O

t™
4 1522 ! 201

* zk#2 i.o # 
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(3) : total (D^^ ^ ^ 1
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y — A/ . 7 y y CD DT #% #
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6(DT^6$^m7km#<b#m, g m #,

ci%y^(p, # m o ^ ^ ^^ 5 $ o

(2) mme

#4 — 1 3K^L?to L ll, y

&a%, vi/—A - y — y — , ^ ^ % j* # , ^^^m^l^TCDMTBF^

#^100^^^,-tLy#%#^mE6Ly%, 5-10^^g#KLT 

^b#^Ka6%Lo\2b6o L^L7&^6±m##-eaMTBFM:l-2

t L y a ^ & ^ ^ &

ip, —#§#Key%#mea±m,

o##jg^c % o y ^ ^ ^ 6, y ^ y
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^ h 7)jt#^#4 — 1 4 K^L,7to
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Vo i. 4 7

4-13

# m
ESS«
Hi ts W

^ m #8 ^
MTBF

10^8#
( ####%% )

^ &¥

1/12-1/2 5 4 3,8 0 0 100-200 9 5.6-9 7.8 %

/Jx # 1/4-lM /J^^zc y Z, y 3 2 0,2 9 0 5-10 5 9.1-7 7.0

cf. g to l 00 v y__^y3 y 1 8,7 6 0 2-8 6 4.4 — 7 4.6

5-20 y —■ is'y 1 8,7 6 0 1-2 4 1.7 -7 4.6

MTBF ! Meen lime Between Fai
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#4-14 m ^ } it #

LH% /LNG jt

^ t ' 1 2.8

#fk^?^4r - 2.0

Rr m ^ y ^ 4.8

( 0.4 X 1 0^ Btu
L---------------- _____ _ _

erne L/t)

jn. ^ /L 4^ - (O

Rr # # # 
(gaU

#{&. =f ^ 1 
(^#-<-7 )

3 7. h

&/io*Btu

^^zk#
^ y^( i7 0 atm ) $5.0 0/gal 7 5 0.0 0

&t 3: 5 X 1 0® $ 1.0 0 /ga 1 3 5 0.0 0

%^Zk# (LHa) 1X10® $ 1.0 0/gal 2 6.0 0

7 y% - 7 io x i o® 1 5.70/gal 2.9 0

X ^ / — /L 10 X 10® 5.5 0/ga 1 0.8 0

(LNG) 2 5X10® 3 0.0 0/gal 3.5 0

5 # 10 X 1 0® 5.5 0/gal 0.4 0

2 X 1 0® B tu ^

m %
50 XI 0®BtU 
# &

## "
=t/L 4r - ## 

Btu/lb Btu/ft^

# # zk # $2.0 0 0 $1^00—1^00

<e 8,0 0 0 1 4 0,0 0 0

|#5 BE zk # ( i 7 0 atm ) 1,5 0 0 1.2 0 0 3 6,0 0 0 1.2 0 0 4 0,0 0 0
zk#fb-? y 1MgH,^ — 1 6 0 - 5,0 0 0 2 5 0,0 0 0

7 yt-7 NHs 17 0 10 0 5 0 0 6,0 0 0 2 5 0,0 0 0

X CHs OH 3 5 3 5 1 5 0 8,0 0 0 5 1 0,0 0 0

LNG' 7 0 0 3 0 0—5 0 0 7,0 0 0 6,7 0 0 3 5 0,0 0 0

# y u y 3 0 3 0 10 0 1 6,0 0 0 9 5 0,0 0 0

m #% % 1 5,0 0 0 — 8 0 1 0,0 0 0

a) #%(D^#zk#$r#^

b) Mg 4 0 0/lb, #%XE L. ##&%§& L» 5 o

c) y^(o±$$
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— fb<0%mh%:6 5 o
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800

-7<

|g| 5 — Itc^^^a^, ^ K Z ^ ^

2-8# ^ T A # # (D ^ 1/5.

^Tmm# (0^ 1/7 2: % 6 o

^DISTRIBUTION
^TRANSMISSION!
□production !

|5-1 COMP ARATI V COST
OF DELIVERED ENERGY

5-2 M # zK #

5-2-1 zK##%/<<:7°7iycr)##

(1) @F<7^^1938# H3ls#^^c,A:zKm%Veba-Cheniie#

-ftilgl 5 - 2 Q $0 < -e & 0. 208kmK:#L, #§###H

75



4 0. 0 0 0 Nm»/n 8 ^ ^ ^ 1 X ^ # 6000 - 1600 0Nm»y hr O
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% # x< < 7°O^^^ZW#fT^<fX-A y^y<xC y^^^Lfl^6o
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1 @g#0#^#^^^Lf^Z7y V 7i

y y v 7 7, ^ O zc. y ^ y y g y X a 4" yl^##L, @6 # K tZ 7 

7 7 7 /lx b , 7°77^-v7##^fj5#. 1958^KKZ0@MI%7#&%

(2) ^ o # ^c ^Z o Z 5 yz @5 # 6 o

(i) zc 7. y p y ^ h 7 y r y ? ^7 %
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E ll 2 0 0 ps i
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1^1 5 — 2 A # ^ -f 7° 7 x €> iflj 
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# $ # 7, @6 # co — o zi ^ - 5 - 8 co < . A A O 3 "0 L

-CK 1 -

# A AE W EE (B)
------------- X]----------------------X3-----------------------XE

m E

2 0kgyC7f Ji^J: 10^5 kg/c%f
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A
□

2^0.5A^yc)# 0.5 ^/OTf JAh

^ A # 7. @ fgz CO
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cO a %r AE 6
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5 -2-8 y 7 < x ^

mx.^f j%#m

E 7 5 0 ps ig . fJ%M&520 °B(^l6"c)

=, x y x v-^-^T-c/a y-e#Ejti. 8-1. 5-0 66^^. # ^ E ^ 

T^8psi/mii -e^tt^E##^6 5-ioo-7<^^#-"e@a#^^6^ 

2:^C^C^)o # 5 — f'&rzpz'f"

5-1 y^^r vc#i-a%$T-f

^——-___ __ x4 < y 7 < xgg < xf-
^ " —— 2 4 3 0 3 6 4 2

14.62psia,60AF-C?)#%f)#a. lO^F/g 285 525 860 1280

B TU "C#f> L^:0fE# ( ^:# ) . io=B TU/^ 109.16 2 201,206 325,080 4 90,5 6 0

#$^#=T(O^T-x s y##(Vg)8CF/« 197,916 3 6 4,5 8 3 597.222 888,888

Rj&^^TiDVg ,CF/« 3,93 4.6 754 8 11,8729 17.6 715

A^7 (W) ( %##&L?)%T-x a x )#^7 3,70 35 6,8 22 11,17 5 1 6,6 3 3

A^l, BTU/™ 157,17 6 289,525 474,267 7 0 5,914

##m#(V2f),8CF/^ 373 687 1,125 1.67 4

,scF/« 197543 3 6 35 9 6 5 9 6,0 9 7 8 87,214

(Aa^m=) (Vg^t) ,8CF/» 3.9 2 7.2 7,23 4.3 11,85 0.5 17,638

?tad=0*
A^xxx#$ ?E = 0.4

5 — 2—4 zK#@g#^gf@j

(ij xco#m

5h^5^6a-K:o\,^. %f. ^ x y x x -y - ^ ^ ^ i: E # T 6

^ 5 & ^^yr^RCE^Efc^u
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^ T o

(1) V == — • D2 • v
f 4 | X

yjftm # f4 # $1,518;
(m^/sec) W (m/sec)

(2)

(3)

PX50-D
t = ------------------  + C
/ (?A7

, . me##
(™) (kj/o,2 )

( m )
(

T = -~~ ( (D + ~)2-D2 ).£■/> 
4 5 0 \/

to -S-|§
( ton )

#ikm ( 7.8 6 ^/m=)

(4)

(5)

C'm a t = T X (eg C'm a t
(

## =, 7. h
(yen;

z, 7, h
l y e n /&^ )

C/ v a 1 v e = @ C v a 1 v e X Valve
/ \

;1% 7 3 7, h X/l% 7'##
(yen) (yen/#)

0 7'##

(6) C 'total = a X Cma t + b X C 'v a 1 v e
I \

S_k, S43

(7) Ctotal=C'total4-#f^#
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( kf/m* )

(8)

Dv P
Re =----- —
/

%&( m-sec)

(9) 1/ V f = 8.2 log ( Re y f ) + 1.2

f

4 f • JL • v • P
(10) Jp =-------------- ---- :—

/ 2gC.D
I \

Ei*
(kg/m^) (m/sec^)

(11) # E ^ Ps # m ^ ^ Pi = P2-JPhL-CPs#:ai

(12) # % # = 0.7 8 5 5 . Pb

(
(M)

d@
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# E K ^ ^ 20.8 °K

^ f m# zK m#

5 — 3 — 1 7 $&

(1) J. F. Kennedy Space Senter

g% ^ y y. T A 8 5 0. 0 0 0 # p X ^ ^ # 6 1. 5 ft. X f "C& & o

^ x^#%(3:^-—x.##< 1 # X x ^ "C D # #t 1^3 E ^ 90

Ps i g t’ J) Z> o

^ E X ^ T A ^ L-tti 2600ft - 4,in0T/P c - l> A p <

^ ib $ E t] 60psig

% # -c V' &

ffi Hf k% 6 i m 0 “Tr $ 1500ftW4©^fe^o ^ # 1 0 in ft CD Wa ik "1

x x =. x -

X 3 X^fflV#^§1i:v£ 1 0 0 £ yuan 6D # K 2 0 0 £ /mm CO <0 It

10.0 0 0?a4/m

(2) Nuclear Rocket Development Statjon (Nevada)

50 0. 000# e (0 #, ib 0.0 5%/day 13 ^ 6 o 

p^mie in^-c^g: isoft oi&E@b#. ^miOin^-e^^vsfto

r@) th ( 2 0 0 0 p s i ) £§d, IE h fa $b Zb 0

# # (t 3 5.0 0 0 m # -e 6 5 o

(3) Aero) e t General Corporation Liqnid Bo c ke t P1 an t 

(California)

##20in(6 #2 5 00 ft E^] 600psi

5—8 — 2 -G v -f- #

(1)

1 ) b I/ — 9 ( § # # )

2 0. 0 0 0 # e y z); # ± -C 1 8. 0 0 0 # P X ^ 'C z): — # ^ "(r ^ 6 o

5 — 3 # # zK #
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2) % # f (I $:

8 4,. 000 #pyz)3:#;k;-C 2 8. 00 0 #e:/$!3/OS—

h IX - 7 g # 8 f t . ^ ig 4, 0 f t . m # 7 8.8 8 0 i'6. ^ I# % o

Btu/hr ftoR

J^l T (o ^r # # -M ^ ^ ^ < y y ^ y — y 3 y ^1 \,'. 1^9 W =»

in@^K:L"C\,'6o $

A:^^m^#L't^T^K:2G. ± fq] K 1. 5 G . ^ ^ [q] 1. 5 G . #

^ fq] 1. 5 G 1 L. #^"0(O###&fCx3Ll:^^$4,%JE,&/L-0\,'&o

y y ^ #9 ^ ^ i' »b ^Lt\,'6o

- 8K^^fL6o

g| 5-1 ott 10004 ##f8fyff)#l''0&&o

5-8

Distribution
Method

Equipment
Spec i fica tions

Shipping
Regu1 a t ions

Installation 
St andar ds

Liquid Trailer ASME/lRef.
CGA 341)

Special Pe rmit

Liquid Tank Car Title 49
CFR 1 7 9.4 0 0

Title 49
CFR 173.316

Liquid Customer
St a t ion

ASME Q NFPA 50B

Gas Cy1inder 
Trailer

ASME/Tit le 49 
CFR 1 7 8.36-. 37

Title 49
CFR 1 7 3.30 2

NFPA 50A

(T) ASME Boiler and Pressure Vessel Code,Section Vffl ,
Pressure Vessels, 1971.
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VCNT TO rfTMQWHU.

|gj 5 — 10 GENERAL ARRANGEMENT OF OOP LITRE LIQUID HYDROGEN STORAGE VESSEL.

— Diagrammatic cross-section through 1,000-litre tank. Coupe sch&natique du reservoir de 1 000 litres.

L i q,u id Hydrogen P e r g am on Press j- V)

(2)

2 4,0.0 0 0# e yo % - 1 1(0#)^%###

M#'it8U8 304L^m^-C^6o

STERN

1.0 0 0M:
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F K

0 G 1 1 5 karin o Engineering Regulations and Material Specifica

tion? Subchapter F

CG257 Rules and Regulations for Cargo and Miscellaneous 

Vessels

^ 2:' ^ 6 o

5 -4, l00 0M=^#zK#^L^^#g#7i:

Gross capacity 270000 US gallons

Usable capacity 240,000 US gallons

Insulation Granular perl it e+va cuum

Allowable boil—off rate 0.15% per day

Outer tank diameter 22ft I.D

Outer tank over-all length 26ft.in 0.D

Des ign f orces:

Longitudinal Full weightxi.5

Lateral Full weightx0.5

Vertical up Full we i ghtxo.5

Vertical down Full we i ghtX2.0

WIND 30 ps f

Outer tank material ASTM A-28 5 grade C

Inner tank material A—240type 304L

Design pressure 9 2.3 ps i a+f ul 1 vacuum

Design temperature +1 30 °Ft o—4 2 3 °F

(3)

- 12to^q < ^ y f #

zK# d^y

|g] 5 - i y f a-

^ ^ ^ ET 5 - 1 4, to

Z 5

LH,TRAILER 
(a) B E «■ jg 0R BARGE

VENT
STACKSTORAGE

LH, PLANT

prruD LH, TRAILER 
PUMP 0R BARGE

7 -f >

(b) mbtfx*>y&&

— ;i/ tO # K % A: tb 1 5 o 5-12

# !b 'f 6 # /& K tt 3c # 2# as # "C & & o ^ 5 - 1 5 ^ m # zK # o # %

# to |.§j -C 2 0 0 °F to M zK %r m ^ 1: ##: zK # ^ 5 0 00 gal/m O #J ^ -e

5 5 0 °R E^] 1000 PsigtOzKm#^K^%f^^)]^#%.'T:^^o
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SWITCH
LOW PRESSURE

PRESSURE

FILL VENTTRANSDUCER
SWITCH

HIGH PRESSURE/ HIGH PRESSURE 
RELIEF VALTE

CONTROL CONTROL

RELIEF VENT

i FiN_ *_V
I HEATER

VAPOR COOLING LINE

RELIEF VENT
LOW PRESSURE 
RELIEF VALVE

T —
FAN 2

CHECK
VALVE

SUPPLY
CONNECT

FILTER

MASS QUANTITY PROBE

FILL CONNECT

Eg 5 - 1 3 y-h

GAS PRESSURIZATION

ANNULUS RUPTURE

ACCELEROMETER
MICROPHONE

TIE AND SWAY R

LIQUID OUTLET

INSTRUMENTATION PASS THROUGH

THERMOCOUPLES ON OUTSIDE 
OF INNER SHELL

-THERMOCOUPLE RAKE

PERLITE FILL

DISPLACEMENT GAGE

REFLECTOMETER LEVEL SENSOR

PLATINUM RESISTANCE PROBES 
PLUS CARBON RESISTORS

PERLITE PRESSURE GAGES

LIQUID FILL

INSTRUMENTATION PASS THROUGH

15 Schematic drawing of a large water-to-hydrogen heat exchanger.
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^ @ ^ 8 82 0,000h^c6o gP t, # @ b 7 y ^#^"C8 1.5 8/1 0* Btu

A "C 1,12/1 0" Btu. ^ - 3 / /ix # ^ 8 0,1 9/10* Btu'C $) 6 Q i3^^t 

f 6 2: gt # -Ctl: 8 5,2 7/1 0* B tu . ^ ^ 8 4,8 1/10* Btu ^660

—^ 8 6.2 5 0,0 0 0 M- E ^ T - / a / 

810 0,0 00^tL%r & h. #^#^8 1.1 5/10* Btu^^O^.

-C 8 1.5 5/1 0*Btu 0 # a @E# O & l' 5 ^ 2: K:

^ o

#c-C, ##zK##3#(D&0 9 L'-CHi%#:zK^co##%^d'L''t

5 o

LN G# & 13 1/4

LNg^&'Cl/lO

LHg 13 1/200 -1/500
( mco#&K: Z & )

K: # f &
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5 ^ z)S yc # ^(J "C & 6 g ^ . 1 0 0 0 MVA (0 % # ^ tt 2 5 0 m i 1 e 12 2 0 %

^:^±l6^26@ 1000/hr^^D.

5 $ o

5 — 4 # ^ PrI )H

/KBKzM'fa ^ L-t^a

^# 1/1000

i'6o —^

13' f ^ ^ j# z)^ ^ # 13' 6 o
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5£6fiSS-:c-y/lz 0.97

r-fc^w 0.02 <0.025 <0.025 0.165‘ <0.025

r-t K 1.00
r-1 hy 1.00 1. 02 0.86
r 4 /yy/ya—/y 0.99

yy-e-y 3.38 3.18"

-f yt^^y 1.04

' y y'fvy y/ya —/y 0.97
0.75 0.91 0.90 0.55

x. y y — /y 1.02
x-?'S 1.00 0.93 0.70

^-f-/yjc—y/y 0.95 0.84 0.74
if-/yy f"/y7 h y 0.84 0.76

xf-yy 0.50 0. 71 0.70 0.69?' 
0.72" 0. 53 0. 28

tttftt*-/y 0.97

^•>yy 1.07
g*p*'y 1.19

%K7 4 ,y 0.99
1.04

RSI M-y'-f-yy 1. 02
R# M-y n fcf/y 1.04
i|yf^ 0.99

fijfh^-yyy 0.66 0.48

•y y a-^-^-thy 0.94
<0.025

*&*’X 0.20 0.28"

* ^ 0.15 0.10 0.30 0. 2810’
0.22"' 0. 025

GK#x 0.60 0.48 0.68 0. 61" 0. 50

T*y 1.02
=%#:#& 0.25 0.20 0.30 0.20

1.3-y'y i/xLy 0.84 0.69

s-y y y — a- 0.94 0.81

-f 9's 1.07 1. 03 0.85

y y ^<y 0.97 0. 90 0.70

ih'Ntt'/ 0.95 0.97 1:00 0.85

^y y y 0.91 0.74

•^y-tfy 0.95 0.99 1.15 1.00

-<yy y 1.00 0.89 0.98 0.99" 0.79 0.78
y ^ y — /L- 0.91
y y y 1.15 1.17 1.25 1.1212' 0.99 1.05

&: 1) r*#CDi@;#&^C&w#±y=f- (#*^y^)J "C$5.
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(5) # m R& #

"T ^ ^ ^ ^ M ^ A: ^ ^ L A: # ^ . ^6 ^^#^#@12#

^^#Eia^#^im#2:\,'5o zK

— ^ A: . #6-7ccg%#4](0#

^ # %r ^ o

^ ^ ± # -f 6 h # # # m ± ^ ^ 7^ < % 0, Ac ^ o

^>o — 4, M6— BKL^^o

6 - 6

a a IB # (vol %)

% * %R 1) | %# 2) | 3) | 4)

Tm^ _k|B^ TIB#LUB#

l. &fk**8
t 9 y 5.3 14 5.0 15.0 5.3 14.0 5.0 15.0

3^9'S 3.0 12.5 3.0 12.4 3.0 12.5 3.0
3.2

12.5
15.5

y'vs<V 2.2 9.5 2.1 9.5 2.2 9.5 2.1 9.5
n-y’9'y 1.9 8.5 1.8 8.4 1.S 8.5 1.5

2.0 8.5

Y y y’9 y 1.8 8.4 1.8 8.4 1.8 8.4 1.8 8.5
n-^-'S 9y 1.5 7.8 1.4 7.8 1.5 7.8 1.4 7.8
Yy^y^y 1.4 7.6 1.4 — 1.4 7.6 1.3 7.6

1.4 7.5 1.4 7.5 1.4 7.5 1.3 7.5
n-'^3c-y-'S 1.2 7.5 1.2 7.4 1.1 7.5 1.2 6.9

7.4
- — — — 1.0 7.0 1.0 7.0
1.2 7.0 — — 1.2 7.0 1.2 7.0

•a^yy 3.1 32 2.7 36 3.1 32 2.7 28.5
34

y r c i/ y 2.4 10.3 2.4 11 2.0 11.1 2.0 11.7
10. mmt£%9

** 4.0 75 4.0 75 4.0 75 4.0 75.6
5 75 4.9 75 5 75 — —

-0fbR& 12.5 74 12.5 74 12.5 74 12.5 74
yy^c-T 15 28 15 28 16 25 15 28
Bffc^S 4.3 45 4.0 44 4.3 45 4.3 45.5
~m<mm 1.2 44 1.3 50 1.3 44 1.0 60
E<b*/V/-H■=./!» 12 29 — - 12 29 11.9 29

6 32 6.6 - 6 32 6.0 32
43

•yryfcykS 6 41 5.6 40 6 41 5.4 46.6
w$?5 — — 2.0 — — — — ——
— y y/Ujj/lstf^.A'

ii.
— — — — — — 2 —

k"yyX-y%jK*'x 4.8 13.5
3.8

-6.5 13-17
1.1 —

*"y V y 1.4 7.6
t7t 0.8 5
y r ■> y 0.7 5
EAKA'x 5.3 32
=?-y x*p*'* 4.4 34

35 74
%*tF*'X 17-35 70-80
3K##X j 7.0 72

1 5.5 36
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...... E li—

^E#^& ( t»/cmz - S )

# #E
Ell±#E-%m& ......... .......... ...............................

ift fla E ^ SO :iii BvF ^

#6-8

[voi %]

5 7 8 j 10 12 13 1 14 15 16 ' 18 20 25 30 35 40

7 t f 1% > | |
&KEA 5.6 8.5 9.4 10.1 1 10.4 1 10.5

10.3 10.1 9.7 7.9 7.0 — — —

0.0336! 0.0I92| 0.0185 0. 0120. 0150.0171 0.02|0.024:0.025 0.048 0.175 — — -
EAJk#a±^g |175.8 443.0703.1|773.4|843.7|843. 7j773.4:562. 5'457. 0 

421.9|509.7j843.71703.1|618.7j513.31421. 9386.7
316.4 . 98.4 — —

|i6i.7 168.7 40.4 - — -

x 9 J — ll
«i«EE tS 3.4 6.5j 6.8! 7.0 6.7 6.3 5.6 5.1
ai8E:zma#ig 0.94 o. 06:0. osejo. 064 — 0.084 — 0.23 0.33 0:72 — — — -
EA±#@±mK 5.3 - 144. l|l75. g}l61.7 — 145.9 - 84.4 22.9 16.7 — — —

3.5 — 105. 51119.5jl09.0 - 80.9 - 28.1 16.9 7.0 — - — —
* %

a&E# — — — — — — — 4.3 — — 4.6 4.8 7.0 7.1 7.0
— — — — — — — 0.029 — —- 0.028 0.0250.011:0.010 0.0112

EA±#^±m^ — — — — — — — 193.3 — — 210.9,218. 0696. l|773.4703.1
— — — — — — — 147.7 — — 161.7|189.8|632.8703.1618.7

/ 9 J - Jl 
RiGEll 4.6 5.6 6.0 6.3 5.9 5.3
eiSEABmmg — — 0.22 P 8 0.08 - — 0.06 — 0.10 0.18 — — — —
EA±#s±mm — — 33. 4|127. 8:140.6 — — 213.0 — 123.0 70.3 ----- — — —

— — 21.1 70.3 73.8 — — 105.5 - 59.0 28.1 — — — —

(?) ^ m m

#6-1 ± A: . # 6 - 1 1 K .
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j—WF
1 (26.6=C)

100°F
(37.8=C)

150=F
(65. 6=0

200°F 1 250°F
(93. 3=0K121.1=0

300°F
(148.9=C)

350 "T | 400T J
(176. 7=0 (204. 4=0

7'^y-JU (SSt^ziE 5%) •
7.3 6.7 6.3 5.8 5.3 5.3

0.064 0.05 0.049 0.05 0.049 0.038
EA±#&*&g 189.8 196.9 218.0 218.0 221.5 225.0

112.5 133.6 126.6 112.5 109.0 140.6

-^7-V- (g^^*E 2%)
earn# 6.3 6.0 5.9 5.3 4.9 4.6
BBEitmmiSM 0.07 0.068 0.057 0.056 0.052 0.050
EAE#S*3[E 140.6 140.6 147.7 147.7 161.7 161.7

89.6 89.6 103.7 94.9 91.4 93.2

'Oto (35##$ 3%)
&i@EA 6.5 6.3 5.9 5.6 5.1 4.9

0.05 0.05 0.048 0.048 0.042 0.042
E^±#@±a(m 161.7 179.3 195.5 210.9 210.9 218.0

130.0 123.0 123.0 116.0 119.5 116.0

hJUx> (SMtilll 3%)
7.0 6.5 6.0 5.8 5.3 4.9

0.067 0.058 0.056 0.055 0.048 0.042
EA±#S±%& 154.7 161.7 168.7 168.7 175.8 175.8
EA±#?%mE 103.7 112.5 109.0 105.5 109.0 116.0

* * 30%)
&AEA 7.6 7.4 7.0 6.3 5.9 5.6 5.3 4.6

0.008 0.0104 0. 011 0.012 0.013 0.0135 0.0135 0.013
E^±#@±mm 703.1 703.1 625.8 632.8 632.8 689.0 689.0 703.1
E%_k#?amE 949.2 703.1 696.1 527.3 457.0 421.9 393.7 358.6

YoX> (SSE-t’zSS 5%)
7.3 6.9 6.7 6.3 5.9 6.2 5.3 5.1

s^E^gim^M 0.059 0.058 0.056 0.054 0.048 0.044 0. 043 0.041
E*±#S*j$E 158.2 160.0 175.8 182.8 193.4 196.9 210.9 221.5
EA±#fj#igE 123.0 119.5 119.5 116.0 123.0 140.6 123.0 123.0

1 0

# % % m
(kcal/mol)

i4. mms
* & A 68.32
am (f-r-ft:/ n m 94.51
am (mm) 94.05
-#<bam % 67.64

* 158.6
» 261.9

77^-7 » 91.44
m 70. 96

zmftam % 402.7
m 151.8

A • 143.7
7/u ; -<y A 400.5
a% 267.1
— y >r )\s 57.3
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6-n

% s %#

#s ^(25"C,
H,0(%). CO, (50

latm)
H:O(50. CO: (50

[kcal/mol] [cal/g] [kcal/mol] | [cal/g]
^ m 5L 68.32 33 888 57.80 1 28 670
* % a 94.05 7 831 1
-BfkKa >& 67.64 2 415 1
x ^y 212. 80 13 265 191. 76 11954
*•£ V w 372.82 12 390 341. 26 i 11350
y«"<y 530. 61 19 0% 488. 53 | 11079

. 484. 70 | U 993
n--f 9 y. i>^/ '";h i 635.38 | 10 932

_ 630. 25 | 10 844

m) ^ m m ^

ai # & # % - g m o m A- # &r m # 'C 5 T ^ A: ^ . jtl%% ##T & o

1 0-1 2% (vn^)'C&60^$jU. 

zK # ^ 5 % h # ^ o ^ ^ ^ ^ ^ <b

<Z) 2: ^ K: ^ 5#<L Ac6o

(9i ^ (D % @

7° e v< y#o^fb/K#z o ##mti

,D ^ rn Ii @ # -c & ^ o — m##L 5 6 m VcfF#

2 — 2 ^ 0 # <zz # 1^

±^Ac^#:""C$)6o gl6-6K%^^, #6-12(C##'##%^:±L^:tL
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6 -12

Air Air
[erf/sec]

(iSJ*) [*] 
a: K (TE)

At Ar

CO (2957) CO

CO,
0.1420
(276.2) (29M) CO, b: Paul, Sriva stave:/. Chen. Pfcys-,

D,
0.5650 1 0.5750 
(296.8) 1 (296.8) (295J) (295 7) D, 35, 1621 (1961).

c: Mueller, Cahill: J. Chem. Phgt.,

40, 651 (1964).H,
0.611 ; 0.8280 ! 0.7430
(273.2) ! (287.9) i(295.6)

* ; d I d
(2987)

1.2400
(288.2) H,

HjO
0.2770 ! |
(312.6) j (307.3) H,0

d: Fuller, Schettler, Giddings:

He
0.6242
(276.2) (323.2)d (295.1) 'T' .49^7, He 19 (1966).

Kr (273.0)

0.2120"
(295.8)

Kr

N=
0.1940
(293.0) (300.0) (296.8) (273.0) (328.6)

d
(293$

d N,

Ne (303.9)
0.2230
(273.0) Ne

NHj (2957) (295.1) (295.1) (296.8)
d

(273.0)
0.8310
(296.6) (295.1)

d
NH,

N,0 (194.8)
0.535
(273.2) N,0

0,
0.178
(273.2)

0.185
(273.2) (273.2)

0.3180
(329.0)

0.8090
(323.2)

0.161
(273.2) 0,

SF. (295.7)
0.1090
(296.6)

y f >
0.220
(298.2)

0.153
(273.2)

(298% 0.3310
(328.8) (373.0)

0.216
1(298.2)

x. 9 y
0.5370
(298.0)

: 0.1480
(298.0)

X. ■#- V V
0.116
(273.2)

0.486 • 
(273.2)

10.1630
I(291.2)

•f a *< y (298 0) ! (29W

n-7- 9 >
0.3610
(287.9)

4 V 7 9 y
0.277
(273.2) (298.0)

*—. * y- y
0.0663
(288.6)

0.2900
(288.7)

0.5740
(417.0)

0.0757
(288.6)d

0.0753
(288.6)

d

2, 3- y /
0.0657
(288.9)

0.3010
(288.8)

0.0751
(288.7) (2884)

y 7 o~.%yy

0.3190
(288.5)

0.0760
(288.6) (288.6)

/+ivv7V'i>fy (287.1)
0.3180
(288.5)

0.0760
j (285.6) (2877)

~r 9 y
ss 0.2180 0.2830

(303.2) (303.2) (303.2} | (3037)
Ld

2.4-y/f ;u 
> f >

(3M.2)
0.2240
(303.2) (3037) (303.2)

0.0744
(303.1)

a-1 9 9 y (3037) (3037)

,303.2)

(3037) (303.1)
0.0705
(303.1)

2,2,4-1 >J / f ^
> f >

0.0599
(303.2) (3037) (303.2)

0.0713
(303.3)

0.0705
(303.0)

*-r » >-
j ylta) 0.0841

(36X6)

**.>**> (298.2) (273.2)
0.4036

I(311.3)
0.3840
(293.2)

0.1022
(311.3)

0.1011
(311.3)

Y n, x. y
0.0920 : 0.071
(312.6) (273.2) 

d , a

* 9 / —
0.132 !
(273.2) j (2737) (273.2)

1.0320
(423.2)

x. 9 9 - ^ (238.2)
0.0685
(273.2)

0.375
(273.2) d

I

7" □ /< / — VU (273.2) (2737) (2737) (423.2)

2-yo/ey — ;v-
0.0990
(299.1)

1" 0.6770
| (423.2)

■? 9 / — >v (mU
0.0476
(273.2)

0.2716
(273.2)

x+\,>t*y¥
a 0.0914

(298.0)

f >) y > (3177) (317.9)
0.1050
(318.3)

t* ^ 1J SJ >
(3lpi 0.0953

(314.9) (315.0)

9 * 7 x> (3027)
0.0992
(302.1) <mv

— 1-
0.0855
(298.2)

0.3720
(298.2)
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6-13 rW) EE if y H ft %

^ #

g<06*
[°C]

Eg #
g A
[atm]

aros *ro* (SS3& = 
1) [vol %J a ^ &**|/cm*]

7^-d's A -122.4 48.0 -189.2 -185.7 1. 379 9 AR
-SMbK^ CO -139 34.5 -205.0 192.2 0.976 12. 5-74 609 100 AR

Xe 58.0 -112 -108.1 AR
-140.7 37.2 — 213— 

225 -191.5 1. COO 0 AR SE35T
^ v y h y Kr -63.8 54.3 -157. 2 -152.9 AR K&# 5

(#) <Y -118.4 50.1 -218 -182.9 1.104 9 AR XEE#©
fS
■+? Rfb^m NO -93 64 -163. 7 -151 1. 27 6e 5/3fg

#) h2 -239. 9 12.8 -259 -252 0. 069 5 4. 0~75 400 AR
n2 -147 33.5 -210.0 -195.8 0.966 9 AR

$^-y Ne -228. 7 26.9 -248.6 -245. 9 AR
■^y <y a He -267.9 2.2 -272.1 -268.9 0.138 0

5. 0- 
15.0

AR
^ ^y ch4 *—82. 1 45.8 -182.7 -182.7 0. 554 540 AR
yy-e-y

Cf^'l NH3 132.3 111.3 -77.7 -33.4 0.58 15-28 651 100 * 1.86 37
#@Mb^m N,0 36.5 71.7 -90.9 -88.5 1. 529 1.34 200

SO, 157.5 77.8 -15.5 -10.0 2.262 9
3.0- 

1? 4

5 W 0.80 15
y c2h6 32.3 48.2 -172 -88.6 1.035 515 2.80

5 CgHsNH, 183 55.5 -83.3 • 16.7 1. 56 3. 5— 385 25 w
xfi/y QH4 9.2 50.0 -169.5 -103.8 0.975 2. 7-36 490 -te 3. 50 225

C,H,C1 187.2 52 -138.5 13.1 2. 220 0 3.8— 
15.4 519 1000 w

HC1 51.4 81.5 -112 -85 5 * 1.67
BC13 178.8 38.2 -107 12.5 1.433 8 1

jsibk'—/!/ C2H3C1 156.5 55.2 -159.7 -13.9 2.15 3.6-33 500 * 1. 22 13
Thxy-y COC1, 182 56 -104 8.3 1.392 1 w
jyf y 152.0 37.5 -135 0. 56 2. 01 1. 8-8. 4 405 AR 2.05 11

( ’eft 134.9 36.0 -145. -11.7 2.068 1. 8-8. 4 460 te
C4w8 146.4 39.7 -130 -6.3 1.937 1. 6-10 385 AR
C4Hs 152 42.7 -113 -4.4 1.87 2. 0-12 420 1 000 AR 1. 85 12

-fb y'eyy c4h8 144.7 39.5 -146 —6 1.94 1.8-9.7 323 4E 2.00 10
HF 230.2 -92.3 19.4 0.988 3 *
f2 155 25.0 -223 —188 0.1 W

7i/fy
-22 CHC1 F2 96.4 48.5 -160 —40. 8 1. 41 ar 0.98 35

yp^y CaHg 96.8 42.0 -189.9 -42.8 1. 56 2.1-9. 5 450 M 2. 35 30
Via t-'L/y CaH, 91.8 45.6 -185.2 -47.7 1.49 2. 4-11 460 AR 2.27 36
/f-ZL-a.

-T/l%
CHS

OCH, 126.9 53 -140 -24.9 1.59 3. 4-27 350 M 1. 67 23
Efb*S h2s 100.4 88.9 -82.9 -60 1.175 W 1.47 65

CHjCI 143.1 65.9 -97.4 -23.9 1. 78 632 20 * 20

(SO Cl, 144.0 76.1 -100.9 -34.1 1.557 100 0.80 26
hmitmm NO, 158 100 —9. 3 21.3 1
if-yy

K C,H40 195.8 7.2 -111.3 10.7 1.52 3. 6-100 249 5 1. 30 12
•yyyfb HCN 183.5 53 -13.4 25.0 0.96 50 1. 57 6
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6-3 ztmoma.

% ^ A: Z ^ K.

2i§i3y f X^^^RC-CabO. Z A: # ^ zK #

(€,#, AM:%#T6o

LA-%. zK#f)%^ti^Mc)i4,#(ol'"e&&o

-c & & o # % # Eif (D # m ic # # ± # t ^ 6 ^ ^ . s (f A, # z) $ o #- m

^ g -c # ^ 6 ^

b "C ^ Zb _t iC li ^ 4 li i( 'C , 10 4 atm, c c/ s e c Z “C CD /Jn $ ts. i% tl Z ~C ^ kB

10® a tm ' c c/sec CD ® US "C JZ » h e 1 i urn mass spectrometer leak detector^ 

fH t' & o

Z A: , {& (D ^ @ n3 tz . jt#^^;#/Z:#%#Elfz):&^2:. ^ o # Ef ^Z jZ;

zK # 4=" 66t^z^^(D#^r^6M:^Z. ^ o

1 ^ A, ^ zK % #

m # zK m ^

g "C # 1Z 1 p pm CD # ^ "C ^K#: zK # ML % # L , & CD^>#(D##^##LA: 0

Z A: , # # zK # M ^

1 o "C . 'M xi &Z ^ 7" /Z ?L Ac 2: K RM # ^ & T o

# # co # ^z . p-7 h y 7

z 6o ^ Zt ^ o ^ ^ z

^^(D#t%%rimibAUZZL^AcibAc^o 

6 — 4 S&r -A cM# iM"

6 — 4 — 1 -^k jtx
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6-4

6 — 4 — 1 ^ AS!

# ^ A: z #^A^Act(OtZA^^#

^12^60 # ib %

zK#i:%#9g@ 
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7 — 6 — 5 i| |E <0 =^ ^ ^ =¥ — K 3s H” 6 # # $r A #

7-6-e *###, ^m,

# 7 - 8 K zK #, x y x ,

#7-8 #A#(0#e(Dj±#

Property h2 Gasoline ch4

Combustion range in air (vol um ) ( %) 4,-7 5 1.5-7 6 5-1 5

Ignition temperature in air (K) 8 5 8 580 8 10

Minimum ignition energy (mJ ) 0.0 2 (0.2 5/ 0.8 0

F1 am e t em perature (K) 2 8 28 2 15 8

F1 ame velocity (crn/sec) 27 0 (<80) 88

F1 ame emiss ivity 0.1 0 (>0.1 ) —

Quenching distance at 1 atm (cm) 0.0 6 (>0.2 5 ) 0.2 5

Diffusivity (cm 2//sec) 0.6 8 4, ( 0.0 8 ) 0.2 0
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" (2) 180

" (8) 180

8 0i#1___ *C' 200
% 3 0 0

fS n 2 0 0
% ft 1,8 0 0

/B )

1 7 9





2 —

20^mVl*( #±EH 10.0kg/m"G)

& ^ 20g(5^T-^aX), ###75%

8)#^0##^^:

^20kg/cm^ 10—5kg/cm^ N,2 — 0.5kg/Wv 0.5k^/m^>
c “ 1 "~SE "^^FElAr^FElir-^ffi E

^, _ g ^ ^ 1 Qkg/cm^________ 2 — 0.5kg/cm^________ ^0.5kg/cm^ >

E . # E (B) # E

4 ) ^ ^ #

# 7 — 7 K ^ fo ^ — xir#^L^o

(e) #E#-^-(#E#)o*mm-#:

l )

# ( 8ooo#K%.L#E#-f - i*

iS, E if -■' ~)~ — g #
2 9 4,000 (f^) 

8,0 0 0 (44=/g)
100 (g)

10 0 ( km=)

100(g)
= 1 (W/^)

2 ) # / m E

#E # x ± - O #E ;% % 6,5 0 0m=/hr/g EL, k' - ^ # M # ( 1 8-19^) 

O # ^ # # # (200^x0.0 9 = 1 8^m'/hr ) K%^f64SE#^'^--g#%r 

3& #> 6 o

^ H # ^
1 8 0,0 0 0(m/h) 

6.5 0 0 (m=/h/g) 2 7.7 28(g)

1 6 ( km^ )

28(g)
= 0.5 7 ( km^/^ )
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_ I? # ^ ^

^ M f > f 6 )

#J-fr 00 ^ j. 0+ m* )
* & —5E A 5.

( 1 0*m»)
* /i/ & — M M
( 1 0* ) ( 1 0+m' )

1 1.2 5 1 6.2 8 7.8 / 5 4.0

2 0.7 8 1 0.1 4 8.9 /

8 0.9 5 1 2.8 4 1.7 /

4 0.8 9 1 1.5 4 2.5 "

5 0.4, 8 6.2 4 7.8 "

6 1.8 6 1 7.6 8 6.4

y

/ "

7 2.8 8 8 7.8 1 6.7 /

8 4.4 5 5 7.7 8.7

9 4.7 9 6 2.1 8.1

1 0 5.2 6 6 8.2 1 4.2

11 5.6 6 7 8.4 1 9.4

1 2 5.1 7 6 7.0 1 8.0

1 8 5.0 5 6 5.4 11.4

14, 4.9 9 6 4.7 10.7

1 5 4.5 8 5 9.4 5.4

1 6 4.8 7 6 8.1 9.1 "

1 7 6.1 8 8 0.1 2 6.1

1 8 7.6 6 9 9.8 j 5.8

1 9 9.0 6 11 7.4 6 8.4

2 0 6.6 8 8 6.6 8 2.6

2 1 6.2 4 8 0.9 2 6.9

2 2 5.2 6 6 8.2 / 1 4.2

2 8 8.4 8 4 5.0 9.0

24, 2.0 8 2 6.8 2 7.7

1 0 0.0 0 1,2 9 6.0 8 0 8.5 8 0 8.5 1,2 9 6.0
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9 08 4S

08 Q f 8 Sf 0 0 1 WS9;®

9 0 81 S f 9 88 #

0 8 2, 0 0 9 8 I # # Y

07 I I 2, S S I 8 (8) "

07, I I 8 8f L 8 (8) -

Of 8 8 0'8 I 81 (D# I

(V6m«onsfflE^#
¥f<i>M3W se--<v# » a w

(^#^^(9)3^G)^%99 )___A-.4:3^o

^^##0, 09^0 4#^ ( %

4# =#&)#, ###(9) 3* (f)

° ^ 8 1 

°S%?

( % ^#(g)3* G)^%99^^ ) # 908 %4%##^ <% - -f x# 3# "-'

9 9 4#

( 9"S ) - 18 (8)

( 8f ) " L 8 (Z)
(#^-^/cN=08I #^#%^^#I)^#8I (I)#%

° 9 34 4 T 0,#

3##%(f

(#/z^)'2,90 = (*)8I
(z^) 8

(*)8I IT I 8 I
90600x08 x 2, 2, %

%g # - -A >/ .% 3 # o

' ? % ? #/q/«mo o 9'9 % q: # o - -c ^ # 3 # > 3 w ? El %'T s#

3%##^: ( 8
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o if gw##;#.# % a 7 - i9«i 5 test i, ±m<o #■ mm* 

#** t L, SiUEA* 2.0k?/«2, **E*% 0.5k»/m2 lit R ft 

Ito

#6* ft fi S "t o

#@o@( -f ) * 6 ( m )

6 61 4,8,5 0 0

8 5 0 4,0,0 0 0

12 8 0 7 3,0 0 0

1 6 80 8 2,5 0 0

20 13 16,0 0 0

2 4, 6 1 1,0 0 0

®t 24, 0 2 2 1,0 0 0

Ting 11.7 2 < y »-

a 7 - 2 o K f E .

y.±iO^$i$'Wlp*3K C - 1, C - 2 ®RftK*jil&®§ ti>5„

(g) C - 1 ( SE-'fgM-'j'ffM-liff ) ##3A® R@t

i )

(i)# #

o 4=E(B)«te*e«®»tie*6'6 - f # M * ® f E wmm A ® m m &*

ti ft <D * D kt£i0

( * / - Kffotllill - 2 1 © * E Mtt # « « 0 % # M )

/ - (io=m=/h)

A 1 7 4.0

B 12 9.0

C 18 8.0

D 1 7 2.0

E 25 8 0

F 2 5 8.0

ft 1.1 7 4.0
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±f ^ y - % <0 as m m# - 6 s.4 ^m =/h ( # ? -

7 # ^ ) % & / — F ( / — F F ^ ^ v( ^- — (0 ^ ) K # —

^ 5 4^ E (B) 7 < XK##T6^^KZ f), "f E (A) 7 -f ^^6(oa&th^[#

/-F##
* /i% ^ —as ##
( 1 0'm*/h )

cf£E(B)Stti/|5.c>iS 
me c io'.vd

if EiA)as#%#
( 10= m'/h)

A 3 9 5.1 1 7 4.0 7 8.9

B 3 9 5.1 1 2 9.0 8 8.9

C 5 1 5 8.5 18 8.0 2 9.5

D 4 1 2 6.8 1 7 2.0 4 5.2

E 5 1 5 8.5 2 5 8.0 9 9.5

F 0 0.0 2 5 8.0 2 5 8.0

ft 20 6 3 4.0 1,1 7 4.0 5 4 0.0

±#^ibfEW#^##m^6oasmm%rmK, ^EW#m##masm

El) 1 Qkp/mf , ^ % E 1) 5 k»/c*2 2: L "C #f L V: o

(in

( El 7 - 2 1 # R8 )

n # ( < y ^ ) 5E 5 ti

12 2 1 0.0 0 0

16 3 1 7.0 0 0

20 2 2 6,0 0 0 1 6.9 6 ( i yf-)

ft 7 6 7,00 0

O^-/— F#AK^H6Ell##%^#K7Ffo

/ - F # # SttiAE* ( k#/="»2 )

A 5.5 7

B 5.4 0

C 5.4 0

D 6.4 9

E 7.6 1

F 6.8 9

G 10.0 0
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l 4>E4)

1:6 K K

2 0 -f y -f-
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2 )

(i)# #

° zK # ^ ^ T # ^ 4" X $ "C (0 j# # 100 km

o # ^ # # # 1 80 0 ^m VB (5 4.2^ mV h )

5 0kf/c%=, ^ < y n # 2 0 < X h L o

I* S tti E » O # ( < x f- ) Xx T — X a X#E

8 0 k^// cm^ 8 0 2 4,7 kg/cm^

4, 0 2 4 2 7.2

5 0 2 0 2 2,8

5 0 2 4, 4 0,4

6 0 2 0 8 8,7

(h) c - 2 ( ^E-^E(B)-#E

i ) mE#a&##mmst

m#tK^x ^ x ^ ib o x ^ x-s

o m # ^^^ ^ (g) - i ) -d) ?) c#m wa& m

h R C "t: & 6 o

(i) # #

#E#^»#m(o^%En^iok»/m^ k u

(ii) E St In ^

O ( gl ? - 2 2#R^ )

n & ( < x ^- ) ^ #% ffi * (m )

6

8 8 2 8,0 0 0

1 2 2 8 1,0 0 0

16 1 7,0 0 0

20 2 1 0 6,0 0 0

It 8 1 6 7,0 0 0

E n # 1 6.6 9 i xf-
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O # / — F Ab A K ^ ^

/ - r # -^ E t) (k»/«2)

A 1 7.7 7

B 1 5.4,5

C 18.8 6

D 1 2.1 6

E 18.5 4,

F 1 8.9 1

G 2 0.4 4

H 5 0.0 0

a)

8 65 ^r fr fc 5 o

L = Kt • n • /> ^ ( m ) .................. ©

Ki :#'#(18 8.8-'^:R:&#f'T#mL't\,'&##) 

n : — 1 &

D = Kg . q ^ - n^° . f («) ................ (g)

K% : # # ( 2 6.4 6 -' 3K T ^ ^ L "C %

q :5,0 0 0IW##:#^###(mVh/f##)

n 1#

<0 0 Of## (ft /km=)

o #####%:% K#5#f % o 

(i)

L = 188.8x8 0 0 Ox ( 3,0 0 0 ) =10,8 18(m)

D = 2 6.4, 6x ( 4,,5 2 0
8,0 0 0

^^)^x ( 8,0 0 0 ) ^x( 3,0 0 0)"^° 

0.6

1 0 0.6 «»
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n# ( < y ) (m/l&) □ lOHItS^Eil ( m )

2 4,0 9 0 4 0 9,0 0 0

8 2,0 0 7 2 0 0,7 0 0

4 1,5 4 8 1 5 4,8 0 0

6 1,2 0 0 12 0,000

8 1,0 9 0 1 09,00 0

12 87 8 8 7.8 00

1 0,8 1 8 1,081,800

o^:#,

# %- 2 < y f- 2: f 6 & #&?).): 5 K ^ 6

p # ( < y f- ) P (km)

2 1,44 0.8

8 2 0 0.7

4 1 5 4.8

6 12 0.0

8 1 0 9.0

1 2 8 7.8

ft 2,0 6 2.6 km

(ii) # >L' #b E

m# m# m

L fc- J: U D ^ ^ * t o

n : 8 8 5 #/ if s' j- — 1 S

® ^ ^ lb L = 18 8.8x885x 88 5 
0.5 7

-M
= 4,2 80 (m )

(2)^ *9 D= 2 6.4 6 x ,6,450 
( 885

0.0 7 
0.6

) x(885)
8 8 5 -!/lo 

0.5 7

= 1 4 0.6 (mm)
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^ K ^ % o

a # ( < y ^ ) # $E # ( m / lS ) (M

2 0 0

3 0 0

4 2,3 5 0 6 5,8

6 1,0 0 0 2 8,0

8 65 0 18,2

1 2 2 8 0 6,4

if 4.2 8 0 1 18,4

o # ( i y ^ ) a ft 9j m m « (k.)

2 1 1 8.4

3 0

4 6 5.8

6 2 8.0

8 18.3

1 2 6.4

if 2 8 6.8

(4) y—^I(0^h26

-y — ^ l€»i^^:^±h%)'1:#7 — 8K^To C^-C(tC — 1 2: C — 2 h \,' 5

m?-8 )

^SA)(^5kg//cm2)

2-0.5kg/i:

C- 2 O

^E(B)



( — km )

c - 2.(^E-^E(B)-#E )c- 1.

f E W # E # E

1,5 5 8.7 1 5 58.7

2 0 0.7 2 0 0.7

2 2 0.6 2 2 0.6

4,8.5 14,8.0 1 4,8.0

12 7.2 1 2 7.2

1 0.0

1 0 6.01 0 0.0

1 6 7.0km6 7.0km 2 2 1.0km1 0 0.0km

8.0 6< Xif-1 1.7 2-f Xf-8.0 6

3 4 0 0m

#E 2 0 6#

(5) m m # z # m m # m ## % zt # # ^ K # u ^ ^ (f- - n )

( XI 0= m'/B)

% #(1) 1 0. 0

" (2) 5.0

" (8) 5. 0

2. 9

8. 9

& ^ m 1 1.8

E #t 1 4, 8. 6
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20^mV&(#^:El;10.0kg/^G)

# #& 44&(9^T— XaX)

# # # 7 5 %

8 4^1#^^:)

^2 0 k^/cm2 10—5 k#/cm2 2 —0.5 k9/cm2 0.5 k#/cm-2 >
o-----:----------------------[>3--------^------- ,---------CX------------------------ [XI-------------------°

E ^E/X,W f E (B) #i E

#7-9 ^r — — XE<DE#

f - X. I ...... ^^

^ ^ n.........#& L^ ^ n.........L

c - 1 C - n

# X # # # 8 7 O^m "ZB 8,6 1 0ZFm»/B

G H2 T^si'^—
LH% ^ X^

__ i#SE 1 
^ E

7,) 8 1.8%

2 0^mV^x 2 0&
8,4 0 0K//& xl 8&
. EE 26 '26 4SE206

. EEW EE(B) # E

9 1.2%

20^m»/*X44& 
,8,4 0 0K^/&x2 8&

mE1' EE 8?
#E EEW EE(B)

#E 206 
{& E

2 -< xf- 1 5 5 8.7 1149.7

3 2 0 0.7 1 6 1.1

4 2 2 0.6 8 4 8.1

6 4 8.5 14 8.0 5 8.0 2 9 9.7

8 4 0.0 1 2 7.2 ; 17.0 11.0 1 8 9.7

1 2 1 0.0 7 8.0 4 4.2 ! 1 5.0 6 7.5 1 8 8.5

1 6 1 7.0 8 2.5 — ; 5 2.5 5 6.0 1 7.6

2 0 1 00.0 2 6.0 1 6.0 — 2 6.0 2 5.5 —

2 4 1 1.0 — 2 4.0 8.0 —

80 — — 1 0 0.0 — i — —

E ft 100.0 6 7.0 22 1.0 2 2 9 9.4 1 0 0.0 1 8 4.5 I 2 2 1.0 2 2 99.4

sp # n m 20.0 | 1 6.9 6
___i,________

1 1.7 2 8.0 6 8 0.0 1 6.7 4 ! 12.7 8
j_________ i—

4.0 9
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(6) —

I<OC-l&lt#L!:#7-9K^L^o

TAK^\,'"CHgiJ^##<DRgM7):yi:^.f'0#± 1 5 o #K#$k€)##^KZ6 

A## % zK o zK#o##K^,^ ") <&####%:##%

# # # ^ k K # #s f C 5 ^ .2 <0# WS &S (O & 2: % # % ,

% # # # #0 :b & #' 5 "0 & %o C ^ ^ %

Z 5 o

2 ) A #' % # % fi 7^ t ?) ti A ^ ^ ^

^r, #4&ffW3zKK%&C)/dZ)'(b, f8zt?)##S

K %%: 5 a* ^ m ^ ^ ^

L/6'L%#6, ^ <D # ^ , # # - zK # 2^ O

8 )#j%KZ6±M^(D##K§#L^('^, — —^'tr

^ ^ 2:

<o%<otiA#KZo-cti*skA,b'BW%5y'%:\,'ds)o

^ h K ^ % o
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4

2: :&# % K ^ L 7:

K # #, 7K#^%26hf6^(D##^, A#,

# m u 5 % # — <o # m ^ ^ # m -c ^ % o T

^ A -^ , ^ ^ , # # K Z & #

# <o # #, ^#^^kzK«D#^, ^j:n(##)(D^^g;KZ%^&#^hzK€)

## . 8# #K 5% ^ 2: %' 5 #c # # ^ V-V-< ^ ^ ^ ^

^^ T 6 ^O^ydkt##%rzK#kH^iJ#K#^K0^T6 ^ 2: K %: & o 

% O # # * (D # ^ ^ 60^$) 6 <1 (t \, ^ T tL 4 — »

ix^TAO^"tr#^:L ^ 6 %(0'"OH%: < , &

# * O % # , ;####%: 2:'^ C: -ftl #

K RS @ ^ K ^ ^ ^ <> KLyAio
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8

8—1

8 — 1 — 1 ^ ^ ^ &#

a # # " # {b • St i& » # ^ % B

L /c .

zK <0 % 5£ #* £> Bl .ffl i: 7:' CD 7 n — « & 'i 7 #' 7 A <D —' 'M IE| 8 —

5^i'm#%r7b7^7:^L^o

f)#fZ:%:&Otii'XTA - V 7 h . f J: 7 7: & & o zK^(D$:A#^ 

#^2:1'$ ^ X 7 A . y 7 h . *3:7 ##€>#'## at&t&OiZ-o&J:

^ ^ , y 7 h . <7 3: 7 K ^ - K 5 J: 7 K z a

^ ^ y ^ - 7 ^ y%r^#^T6o

(aj

(b) M #: zK # <D # {b *

(c) M t# ^ Z Z7i%#:zK#iD#& • ~f~ a Hi i8 '7 x f a io J;

# # Bj # &S

(d) Si tfc zK S - ##zK#D#t#BJ#&#

(e)

(f) MHKMfaRI_k<ot%#

(g) _L sd (a) ~ (f) it Vf- t ~f azk^^A#^o#:7^^##i^#*)<k ^ A ^

it) 15c It 3 — ^

&# # ^A m#

8-1-2

f V—> . 3:^ A/4r'— hL-COzK#<D^#%,
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&0=K#{bf)2:#)Ktt, & o ± f zK # <0

# % " &{b - & 1 oco^XTA ^ L

tern#^L, ^K#EzK# - m&zk$ - &#* # - Mnom^^K 

Z6R#^(D#m{b%r^)^L##f6^g^^)D, ^ tL e> ^ ^ K %

&3&':btl&^#t<0Tti%:\,'of%::bt)':fL'c>?)S/XTA<0ft#^&

& L , i/XTAOB^K^#[T6KAg^#%%%^fT^^#A^$>

% o

zK ^ ^ & "

%{b - Bf# - #& - A * %

% %gm & L "C Ortho-Para^ < K c - V y ^ X ,

{& # # # (O # & , ##%,

#K# , AM {b K # % 5 RS@ ^

m #: zK # ^ # A 2 0.4 °K & 0 BfmcobfA'fcAmK

Z6^^^^<Dm@AKZo'-cm#L, ^ ^ # A^ 8 5 Of&K#

# f 6 ±, 4: <O#0S#@A^ 4.1 — 74.2%

W ^ O -c , # # f V —>0:^/1/^—^ L-C%K#A^AmK#A^

^ A /3: rzK#^%A^#0#

3%j &

E A # #& - ^ < y , ^ > x? — , h i% — 7 —,

Al<D^%rg% & 6 tt ^ ^ yi A^ 6 tr T A^ L < ,
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% 2,1 % /' — K 2: V 7 o

%\,'%2)'t&&o

7 b Koe%. M#

<D 7 cr—%r#%%^M#K'Ol^'T^^2662:g| 8 — 2 OZ $ K ^ 6 o 

( ^ 2: #(DzK^(DB#Ko%^l:%

a^l^#T^>6o - y 7 h . y^T —

8 — 1 — 3 ®F 3£ • §fe §=& O 7 y & — ^ C> ^

W ^ M fb o ^ ^ gc A & # ^ fp

AmozK#^%0 & 5

K #b ^ T 6 ^ 7 y c—0 ^^60

Rg @ A €> # Hj ,

*## K ##

%%:^A&#^^%rfPbx,f6 t O T $> 6 o ^€>^A^#(OfP^K^# 

EzK#,

(2)

# & - &<b » m - # m - ^gd^^<D$mm^#'-c(D#*ogmK

o\,^(DT—&fL#'#EA3::h'&: — c>C)i/7TA2:

&%o 7ye — ^o;5&n#:<oaS9''C&&o ^f^^^tL6^7TA
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TAOft#m^##L, ^ A#, ###, ##%,

Z: (D R/ D #f ® ti y 7 Ky ^.7 & 1%- ^ #t # & ^ — b'

74 — K.

^ ^ a m a

Z D -o' @ % K R/D &TT#)&;t:*)C>##t&A]%.&o ZX^'-CfXTA

^ g # ' ^ y ^

# y y " ^XTA(D^-^^##fbOd%iit&riT^

^ O K I> ^ 7 O X ^ - /^ 7 y ^

K # ^ B9 @ A % M #f L , #a#:m#fK74- K ^ ^ ^ f 6

^ R # K Z% O# % % gK74—-K7,*-? - K f 6 o &% K

(3) r<0fp%%

^ ^ & b KL"C^%TAM#(i)<Di^#%rAo^%:^

^:O&f6(DaB#KBU^B(0^ %TA#

#ra'6<ot##&A\.''T:#&#tA#o%M, — ^oy^ h ^ < y o

*%, ^ — ^(D## - ^K#K

It n — V h -~f~ %> O

(4) # % f" -Y ^ (0 M

m#A #0 mm,

^ # A L ,

# f" Y 5o

y-/i/(jUO##&, ]& #6 %r ft yi 1,', g%\,^-;>yxy—^Qi)Kx y — ^

7 ^ y T % o

(5) mtb,
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(5) f M#

y^XT^(DM%-e^6o %Hb K ox,' -c # K

#& #f K x,' y , /i/(jj)&#tfo ^ds^\-e\,^5#3#{bhtt

T&2:2:L''C\,'%o%:3GR'#Ktii%fEzK##]'#, ^ #: A # # , M H

o

(6)

^O^BKML'Ctt^A'a'-c(t##o^#-c66o 

# K o x,' "C tiK , /' y y * 7 < > , ^ > ^7 — , h i% - 7 — O p^l @B 12 O 2

% 0% , o? f,

^ ^ X,' o "Ctt %%%#: ^ V f A K OX,' -C ## L "C X,' & #1,

##Km^Lx,'T — '?'%:$) !), ^ ^

'trU^v&^^K&x.'-ci^i: /i/ I , E h # tr o ^LC'CO

^%;b:K&tm$E3:h%o E:G(D#mmKA

% E zK # , & #: zK # , MH(D#m,

(7) M a # 2§ 2) M #

^ 5 ^& y 7 > h ±

^(DzK^V—"C^^:A)^x,'o

(s) m m m # # ^

#t7m$iJ#Kox,''-C&t#Kg#{b%:B^Kf"<#-C^)% o ^ zK # K 

ox.'-tx,'&.#%%#, ^^Kox,'"C&tMmi€>Z ^ K 2 # ^ , ^ __ ,< — *
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L"C\,'& % (D (1 ^ #KS

xhixz, mm, # # m ^ ib,

T — -7 "T: % o

(9) ###-/< 4" o b - y 7 7 b " %

to-e, ^ -f *y

b y 7 7 b ^ # tt fA O 7° o ^>a:

> b€>#fTA^KZo~C^*P)^6o ^ ^ y b " y 7 > b K 1 ^

^^ib 2: ^ 6 o

W K # 7& €» # # jb

^ # 65, ^ f i ^ ^ o
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7 7 T A 
7 7 —7 7 y 7° K

=» — K CO

f ...

m 6

77 7
^ omm

<7777-7 (I) -<7777—7 (E)
77—77y y

T-<^ K
feed back

r~t~*
T^'t: K

feed back

1^1 & ^ R &

1

i R & 1 T

#,#, ^
E& /

(—) R &

R &

R &
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