a plant for the production of city gas, and particularly to a plant for

produ0|ng propane-air gas, or propane diluted with air. 5

Her etof ore, spl ants for producing city gas have been available in varied

f 6T’ me™ cat al ytic cracking plants using naphtha or butane as raﬁvlrﬁﬁe,?iag

coak»gas pl ants operating on coal or coKe-feed, butane-air plants m Xxing
di'luting butane with air, liquified natural 10 gas (LNG plants and so

forth Cat al yti c cracking plants convert naphtha or butane to nethane,

hydr ogen, carbon nonoxi de, and carbon di oxi de by reaction of the feedstock

W th steam using a"BhANTYFORaPRODUCTION OF ARORANEFARIRIGASO to 15 [err].

Coal gas plants involve reaction of raw naterial coal or coke with air or

steam as a gasi fyi ng agefhiso invemiote ndlates d&ro & phanthfdrogbe,

met hane, carbon dioxide, and the like. In the process for gas 20 production

the plants formr¢du¢tdpstpﬁcplzahaﬁs,pﬁmdunang}quﬁquwstblaapian; for

reduction, oxidation, and ash zones. Butane-air plants vaporize butane by

means of vaporPE@dgC@nﬁtPaépéﬂG1@4nﬂ9§ﬁw|QﬁtBFOHﬁnev@&%ﬁteQSWstbaniGF t he

l'i ke for the supply of thermal energy, and
Heretofore, plants for produc1ng city gas

2170218 "PLANT FOR PRODUCTI ON OF PROPANE- AI R GAS" This invention relates tg
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have been available in varied forms: catalytic cracking

plants using naphtha or butane as raw material, coal gas

plants operating on coal or coke feed, butane-air plants

mixing and diluting butane with air, liquified natural
10 gas (LNG) plants and so forth.

Catalytic cracking plants convert naphtha or
butane to methané, hydrogen, carbon monoxide, and
carbon dioxide by reaction'of.the feedstock with steam -
using a catalyst at a reaction temperature of 400° £o

15 800°C. |
Coal gas plants involve reaction of raw
K/' material coal or coke with air or steam as a gasifying
agent to decompose the material into hydrogen, methane,
carbon dioxide, and the like. In the process for gas
20 production the plants form four distinct 2zones;
preheating (dry distillation), reduction, oxidation,
and ash zones.
Butane-air plants vaporize butane by means
of vaporizers that depend on electricity; hot water,

25 steam or the like for the supply of thermal energy., and



-2- mx and dilute the gasified butane with air by mxers to obtain a
pous m xture of desired heating value. LNG plants receive natural gas,
ified at very |low tenperatures into a cryogenic storage facility, 5
qporize it by LNG vaporizers, and adjust the gasified natural- gas to a
desired heating value for supply to the consuners. The existing plants for

'prty gas production have many different problens yet to be solved. 10

The catal ytic cracking plant, which gasifies naphtha or butane feedstock,
produces gas containing as nuch as 12 to 20% car bon nonoxi de. Al t hough the

cont ent 11> JRSkeBRA AUNHN dadl s CRNRALIEWIRR W1 ARG © ol

poi soni ng, percen of ca MONOXI enoved 1 n the

gas supply. é& EB% sae:ﬁae%és&g? gﬂ{?& fL' gbggkhanh%f é_'lls{glal\}at 16 fromthe

gas poisoning is$ st| i on e cat ¢ ¢racki ng

plant includes gas euunﬁyé éﬂfgsreggggé néEﬂrQihE%s ggggﬁb tsy as

sources of vibration a r to avold pOSSI

nui sances, {hgryl AR iiilka 0t EE THEL BCcE %aﬁhlce‘it‘ﬂfébé‘%a%ﬁ}ttg

expendltures 0 nnney S0, waste water he plant i s a poten

sour ce of s pob Lk And: MBF LG i-fééf'sw' anacaash@& the Gassf sy during

t he process for pro uctlon necessitates -
natural gas to a desired heating wvalue for supply to

the consumers. _
The existing plants for cit& gas production o/
have mahy different problems yet to be solved.

10 The catalytic cracking plant, which gasifies
naphtha or butane feedstock, produces.gas containing as
much.as 12 to 20% carbon monoxide. Although the.csntent
is décreased subsequently by CO modification in an
effort to avoid poisgning. a tiny percent of carbon

15 monoxide is left unremoved in the gas supply. At the
present time complete elimination of fatalities from
the gas poisoning is still infeasible. - \)

In addition, the catalytic cracking plant
includes gas and air blowers, pumps, and other

20 components as sources of vibration and noise. 1In order
to avoid possible public nuisances, the vibration and
noise must be controlled with-no small expenditures of
money. Also, waste water from the plant is a potential
source of pollution and must_be monitored with caution.

25  Gas blow during the process for production necessitates



- 3 countermeasures to conbat the offensive snell of the gaseous enissions
and their deleterious effects upon the environnent. Furthernore, the gas,/
manuf.actured by such a plant, wet by nature, tends to be reliquified. 5
Oowi ﬂg to this physical tendency, the gas can clog distribution I'ines with
wat er Cal l ecti-on in the lines and gas neters and pose many ot her probl ens
I nctudi ng freeze choking of gas neters- i® winter and gas | eakage due to

i nt'ernal corrosiaon of the lines with nmoisture. 10 To preclude these,
periodi cal draining and i nspection of the |ines have been required at
consi der abl e personnel and nmai nt enance cos%@sgﬁge coal gas Iant handl i ng

bul ky coal or CHMRLRIMERSYLSS nbPFPRPAt, NS Ve | Qorthe 15
Nater stoam GEARSNA SHARKPOE BRGy theLgs COLPtRRIANE SERARUBOEEE he
bl bor on 50 patEh iy e SRRedE, ”Fh%?ﬁ%@%db?&ﬁa%%ﬁhiﬁ%%g% oY
Vor cover, the GasH ¢ SLags et BY ARk bkl TrbdE 13 Bl s en | o s

pups, and_qt hef Qi 4 A3 4k 08) TBLALSARICE eife WHsbds® AL NeCOSSATY

and inportant rou
distribution lines with water collection in the lines

and gaslmeters and pose many other problems including
— freeze choking of gas meters in winter and gas leakage
due to internal corrosion of the lines with moisture.
10 To preclude these, periodical draining and inspection
- of the lines have been required at considerable
pergonnel and maintenance costs.
The ;oal gas plant, handiing bulky coal or
coke as the raw material, necessitétes a large storage
15 area and huge equipment. - |
The butane-air gas system needs electricity,
\_ hot water, steam, or other thermal energy to gasify
butane. Inevitably the equipment has some fire source
in itself and always has an'ignition or explosion
20. potential. In fact, there have been not a few cases
of hazards, and the system is not desirable from the
safety viewpoint. Moreover, the electric, hot water,
and steam heat sources require boilers, pumps, and

other auxiliary units the maintenance of which is a

25 necessary and important routine. In terms of labour,



-

Ed

-4- energy, and financial requirenents, the maintenance is a great burden,
noffably on mnor gas utilities. The LNG plant receives natural gas cool ed

Jin"to [err] into a cryogenic storage facility, 5 vaporizes it by an LNG
\ orizer, and adjusts its calorific value to 11000 kcal/[err] before its
"supply to the consuners. The systemthus calls for special storage and ~

auxi | iary equi pnment and speci al receiVﬁng and transporting facilities. The
requi renment for 10 gigantic equi prment and huge investnent have.linmted the
owners of such plants to big gas utility conpanies. The plant, which
handl es LNG that boils _at :-162 C_ presents unusual_ technical problens, '
demandi ng greR@ra¥; | pngndirgpeiad SRIFvinements, the maintengnee,dsy above,
the gas- produci ng Elants of the prior art_ have involved |arge-scale
equi pnent, CBNPFERENBUFIEBur B8O oRFhtRinok F3%\RELLEFI88-and have
necessi tated nuch Iaboug ang cogé.for con§truction,%faimtenanie,and contro
for safety. 20 The BNG; nt receied AXrER 1 ¢aF FReledy gas in
use in Japan_is cgass'g'agte Lnto a great variety of types.as listed in
Table 1. TheduR| £By 16200 TG B GHRE TSR RAT cERBL LB coneuner s, gas
applianceg mnufact YLe’ S BYY aAPInd Vagd £z & ! K&ua adjusts its
calorific value to 11000 kcal/Nm3 before its supply to
the consumers. The system thus calls for special
storage and auxiliary equipment and special receiving
and £ransporting facilities. The requirement for-
10 gigantic equipment and huge investment have limited the
owners of such plants to big gas utility companies.
The plant, which handles LNG that boils at-—162°C,
‘presents unusual technicai problems, demanding great
skill and care in operation.
15 As stated above, the gas-producing plants of
the prior art have involved large-scale equipment,
complex heat-source components, and power drives and R
have necessitated much labour and cost for construction,
maintenance, and control for safety.
20 Besides, it is to be noted that the city gas
in use in Japan is classifiable into a great wvariety of
types as listed in Table 1. The variety is causing

extreme inconvenience to the consumers, gas appliance

manufacturers, and gas utilitiées alike.



-5 Table 1 Gas pressure (mjerr]) Designation Wbbe I ndex of gas type
W* 5 Maxi mum Standard M ni num 13A
13800- 12600 » 250 200 100 12A 12850- 11750

" "11A 12000- 11000 " " " BA
6700-5680 220 150 70 10 5A 5400- 4700
200 -~ 100 50 SAN 497054320 " " "
4AL 4280 -3720 " " " 6B 6850- 5950

" " " 5B 5350- 4650 " " " 15
4B 4330- 3770 " : . " " 7C 7060- 6140
" " " 6C 65%eb3e701 " " "
5C 589 0-5110 " " " 4C 4550 -3950
" " © .20 * W = Calorific value of the gas/[err]. For

this reason efforts are being nade by the Mnistry of Internati.onél Tr ade
and Industry (MTI) to standardize and unify the §85 Rupsedre s e.

Accor di ngly, iof Sas typei nci pa%é’é@e’bf this _
5 Maximm Standard Minimm

132 13800-12600 250 200 100

122 1285011750 o " "

— 11 | 12000-11000 - ; ’
62 6700 — 5680 220 150 70
10 52 5400 - 4700 200 100 50

SAN 4970 - 4320 e "

4a 4280 - 3720 n wo. om

6B 6850 — 5950 " B "

5B 5350 — 4650 " " "

15 4B 4330 -3770 e " "

7C 7060 — 6140 " " n

'\/ 6C © 6530 -5670 o " n

5C 5890 -5110 " " | "

ac 4550-3950 " oo

20 * WI = Calorific value.of the gas/{(Vsp. gr. of the gas).

For this reason efforts are being made by the
Ministry of International Trade and Industry (MITI) to
standardize and unify the gas types available.

Accordingly, it is a principal object of this

25 invention to provide a plant for the production of



.25 _invention to provide a plant for the production.of  -6- propane-air
wi th good safety features. The present invention is a plant for the

Dduction of propane-air gas characterized by a storage tank for storin

li.quified propane gas, an air-heated 56 type vaporizer for vaporizing-the
| i quified propane gas fromthe storage’tank, an air mxer for m xing and
di luting the propane gas vaporized by the air-heated type vaporizer with

Koo 1 PRoRePBEL G B LS FRaBuFRE LT o
recovering part offheh@ressmndraienthon ehergi phahtofforrhehai r ni xer, through
a |line connectl . | £1.G- -adl usi. | | h | ) Xer,
and determ ng H&Qt%ﬁ I&gla%?r %ch #a%ﬁéﬁég?%eéfr‘%ggsggggisyoﬁggi %t?iga%g by
means of 15taakd foal etiowing lidwificedrpropaneagas.banngirsdeated he nanua
or aﬁtogaticc ”V#oﬂfzéf‘% AdpdyiPin iﬁh%olﬁ uﬁ‘f%ﬁg ‘i’:o?%n@e air m ger
by nmeans of z&%d X|ng-m|'§#twv¢egd?at€r. he gresent ?hv ntion is also a

pl ant for tg@s2Enemdhs isherFge rtdrine- anraghsminerafosr mixdng andt or age

tank Tor StQhiidiniitnd ki $adafapari 2l BYatad BYRSHGARAY4 zer for
vaporizing the lirquified propane gas fromthe storage _tank, an alr m xer
for mixing &Y®edveporiger with air, and calorific-value-adjusting
means having a calorimeter and a mixing-air flow regu-
10 lator, said calorific-value-adjusting means recovering
part of the propane-air gas emergihg from the air mixer,
through a line connecting the calorific-value-adjusting
means with the air mixer; and_detg:mining the calorific
value of the recovered propane-air gas by means of
15 said caloriméter; the determined value being used in the
manual or automatic control of the quantity of air to be
admitted to the air mixer by means of said mixing-air flow
regulator.
The present invention is also a plant for the
20 production of propane-air gas characterized by a storage
tank for storing liquified propane gas, an air-heated type
vaporizer for vaporizing the liquified propane gas from
the storage tank, an air mixer for mixing and diluting .
the propane gas vaporized by the ‘air-heated type vaporizer ~
25 with air, a gas holder for storing the propane-air gas
emerging from the air mixer, an air mixer control means
for controlling the.operation of the air mixer'according'
to the gas quantity inside the gas holder, and calorific-
value adjusting'mEans for recovering part of the propane-
30 air gas emerging from the air mixer, and determining the
calorific value thereof, the determined value being used
in the manual or automatic control of the gquantity of air
to be admitted to the air mixer. | |
Specific embodiments of the present invention will .
35 now be described by way of example and not by way of
limitation with reference to the accompanying drawings,

in which:-



thé propane gas vaporized by the air-heated type vaporizer -25 with air, a .~
gas holder for storing the propane-air gas energing fromthe air mxer, an -
air mxer control means for controlling the operation of the air m xer
according to the gas quantity inside th?,gas hol der, and cal orifi c- valﬂfj?§>
adj usti ng neans for recovering part of ¥he propane- 30 air gas energing
fromthe air mxer, and determning the calorific value thereof, the

determ ned val ue being used in the manual or automatic control of the
gquantity of air to be admtted to the air mxer. Specific enbodi nents of

the present inventigfgy hl i§5a mwméwc‘df ke oy paRy-&1 r ea8PhLodneifng!

by way of limtation %h r ef e Qe to t.he acconpanylng drawi ngs, in

whi ch: - Fi §iany, gk Véﬂghé 3@ Rine- ai r - gas- produci ng pl ant

enbodyi ng the invenrigs,. Bi gad 2 amb Frore fermwi@uatlamlwpdvie%yl ews,

t | f th h
ggﬁgﬁgt: XevyegﬁﬁPegﬁgl"rﬁ}Ve?#eg ¥ v%Por Iegi t@%n‘éa%oﬁ*%e‘Tbngl tud| naI and

cross secbional vie®dig. rdsmscalseﬂuummﬁldlvae&nuhfethepeltlmmxefwfandlng to
t he acconpanyi ng draw ngs, Fig.
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1is a flowsheet of a plant for the production.of 5 propane-air gas
enbodyi ng the invention. According to the invention, liquified propane gas
l;ffﬁi‘oduced into the plant 1 by given transportation nmeans is stored in a
stqfage tank 2 installed within the plant. The liquified propane gas L- |h

t he orage tank 2 is fed 10 through ligne 4 to control boxes 6 (6a, 6b, and
6¢Y: where the gas pressure is lowergd®The |iquified propane gas L under
reguced pressure is fed through lines 8 to vaporizers 10 (10a, 10b, and

| Oc) to be vaporized there. For the purposes of the

I nvention, the vaporlz s 10 % sed are ai.r-heat dyéq%ﬁns ere- heat ed)
type f or ced vaporlzers dﬁﬁ ng‘& one-FYpe nT shown

in Figs. 2 and each of t en1has an.inlet ifold, 1 nd_an o tlet
Pl AT iRE mite thing-

inﬁ’iEQadt EZ?&E“?&”&%%%%@"’%% ol slnk. Aeetieinlahed e “e%é‘g't%:‘ls 18

I 0 t

thair 25 i nl &t ek toreafieet g HORLaRES son BALTHIRRNER o8 | [lbes 16
h f Li

vapor i 26 by PEREERS Ho PR e nEP ERERSy s iaeiellnl: TABSRRIERNRS, [ 1

to the invention, liquified propane gas L introduced into

the plant 1 by given transportation means is stored in
a storage tank 2 installed within the plant. The ot
liquified propane gas L in the storage tank 2 is fed

10 through line 4 to control boxes 6 (6a, 6b, and éc),
where the gas pressure is lowered. The liquified
propane gas L under reduced pressure is fed through
lines 8 to vaporizers 10 (10a, 10b, and 10c) to be
vaporized there.

15 For the purposes of the invention, the-
vaporizers 10 to be used are air-heated (atmosphere-
heated) type forced vaporizers. They adopt the fin-and- S
tube system and, as shown in Figs. 2 and 3, each of them
has an inlet manifold 12 and an outlet manifold 14,

20 interconnected with a number of heating tubes 16 in
between. Each tube 16 is provided with a plurality of
heating fins 18 attached thereon for enhanced heat
transfer efficiency. Thus, the liquified propane gas L fed
th:ough lines 8 to the vaporizers 10 flows into their

25 inlet manifolds 12 and then passes through the heating




10 is transferred through [ines 20 to air mixers 22 (22a, 22b, and 22c).
The gas Gis mxed and diluted with air by the m xers to prepare a :
propane-air .mxture of a desired calorific value, or propane-air gas PG of
Type ¥3A with 3 10 a calorific value of 15000 kcal/Nm. The calorific
value is the same as that of city gases §etng produced by big LNG plants in
| arge’ cities and enables this propane-air gas PG to be used by appliances .
common to the latter, offering nmuch convenience to the general 15
consuners. Moreover, the manufacture of such gas is desirable as it

conpl i es with tuleeadipnintoathee qytiiety manifaldsoldt anBurdngethimd,unify
the city-gas types. This gas is dry and precludes any problem of gas |ine
cl oggi ng due tehewliauisiedcproprane igrs |b ks vepguized byt the, combimeder
freezing in winter, or gas |eakage owing to internal corrosion of the

pi pi ng. ConsedtR@t| frapféps petiemas e pbabesi t6drafnfagsod 8i f9pecti on
of lines for the prevention of such troubles, and | abour and nai nt enance

~ form propane gas G 5 The propane gas forned by the vapori zer‘

costs ot herwi skPFBqBFPRERLOASH& e 25 purposes can be saved. The air
m xers 22 may be of venturi tube, blower, flowratio control, or other
type. This 3 The propane gas formed by the vaporizers 10 is

transferred through lines 20 to air mixers 22 (22a, 22b,

and 22¢). The gas G is.mixed and diluted with air by
\— the mixers to prepare a propane-air mixture of a desired

calorific value, or propane-air gas PG of Type 13A with

10 a calorific value of 15000 kcal/Nm>. The calorific
value is thé same as that of city gases being produced
by big ﬁNG plants in largé cities and enables this
propane-air gas PG to be used by appliances common to
the latter, offering much convenience to the general

15 consumers. Moreover, the manufacture of such gas is
desirable as it complies with the administrative policy

~ of MITI to standardize and unify the city-gas types.
This gas is dry and precludes any problem of gas line
clogging due to water collection in the lines or gas:

20 meters, gas meter freezing in winter, or gas leakage
owing to internal corrosion of the piping. Consequently,
there is no need of periodic draining or inspection of
lines for the preveﬁtion of such troubles, and labour
and maintenance costs otherwise required for these

25 purposes can be saved.



pressure adjusted fromthe feed | evel 0.7 to 1.0 kg/cmto a constant

enbodi nent of the invention is described as enploying the venturi tube typé
a lustrated in Fig. 4. In 5 each mxer -a venturi tube 24 is nounted

2en line 20 on the inlet side and line 26 on the outlet side. The
u

ri tube 24 is fed with the propane gas G fromthe vaporizer 10, ati§§

pressure, 10 e.g., of 0.7 kg/cnR, by a in regulator 25. The supply of
pr-apane gas Gto the venturi tube 24 mnus the discharge therefromcreates
a negative pressure high enough to draw air by suction through line 28 into

the venturi tube 24, mhg@&et frp&ggéggtgismg :%én 'é€5u¥% Q%ﬁ?fo||The

quantity of air thus to € venturi ed by
fater, oo tnal it oPriple 0?95?558%%5&@% %ffs%paﬂiszflbid
Vialine 26 18 gaﬁlﬁ"&pffa%e?%#W%?%—:—%%Sq%%%#%%%% T Ry
stored in thesgas g ik ??n%{?ﬁa auPRhned b ddie 4P gffg‘gri W ip a

calorific value of 150 at a supply pressure 0 25 nmierr].

The quant!ty @adhildPdovehtuddstlbe' 24 1% moundda BoEwdQhIfind? 15
adj usted by controlling the operation

20 on the inlet side and line 26 on the outlet side.
The venturi tube 24 is fed with the propane gas G
from the vaporizer 10, at a pressure adjusted from the -
feed level of 0.7 to 1.0 kg/cmz_to a constant pressure,

10 e.g.., of 0.7 kg/cm?, by a main regulator 25. The
supply of propane gas G to the venturi tube 24 minus
the diséharge therefrom creates a negative pressure
high enough to draw air by suction through line 28 into
the venturi tube 24, where the propane gas G is mixed

15 with air. The quanfity of air thus to be drawn.into
the venturi tube 24 is controiled by an air control
.valve 30, mounted on line 28 in the manner to.be- S
described later, so that the mixing ratiolof propane
gas G to air is propane:air = 2:1.

20 The propane-air gas produced in this way is
delivered-zig.line 26 to a gas holder 32 for storage.
The propane-air gas PG once stored in the gas holder
32 is then supplied to the consumers with a calorific

value of 15000 kcal/m3 at a supply pressure of 250

25 mmHZO. The quantity of the propane-air gas PG in the .



of the air mixers 22. Also, the gas volume in the holder is detected by
nmeans of a gas volune detector 34 attached to the vessel. 5

manner. in which the plant for the production of propane-air gas built
abgve is controlled will now be explained. Means of controlling the

oper ai on and stoppage of the air nixers‘ﬁz i nclude the volune detector 34

of A0 the gas holder 32, e.g., a storage

€1 ght sensor- oscillator.

El ectfic signals fromthe vol une detector 34 are transnmitted through an
electric cable El to a line-switching controller 102 installed in a central

contr ol

room 100. The,  Li nexsw.tchin ontroller 102 js 15 _ connected via an
el ectric cable c_@stlajo:bé égsgﬁge%

SF 03f ohSpRf ) FRg ing \fhe PreFrEipn

respectively assocji.ated, mai n regulators. 25 of .the air njxers, 22 (22a, 22b,
and 22c). In ré@%dﬁg% ?brtﬂ%xﬁrgekgroniﬁﬁ&ﬂtﬁh?I9§ﬁyv ?ﬁﬁqué%ntroller

102,

a pressure of
t hrough operating-aiy Lipes A, A2 nd A3 into the main regul ators 25,
forcing their J%ﬁﬁ%%h%ée ° ﬁﬁ?svﬁﬁﬁﬁﬁfs injection of the propane gas G

air

Sour e of | e14EF (F8 SFFBRERS BYORERS o A dth DR (defetteri Blay

source

gasified byé%

10

15

20

25
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proauction of propane-air gas built as above is controlled
will now be explained.

Means of controlling the operation and stoppage
of the air mixers 22 include the volume detector 34 of
the gas holder 32, e.g., a storage-height sensor-
oscillator. Electric signals from the volume detector
34 are transmitted through an electric cable El to a
line-switching controller 102 installed in a central
control room 100. The line-switching controller 102 is
connected via an electric cable E2 to explosion-proof
solenoid valves 27 which control respectively associated
main regulafors 25 of the air mikers 22 (22a, 22b, and
22c). In response to the direction from the line-
switching controller 102, the solenoid valves 27 turn
open, allowing compressed air, e.g., at a pressure of
5.5 kg/cmz, from a compressed air source 200 to find its
way through operating-air lines Al, A2, and A3 into the
main regulators 25, forcing their valves open. This
permits injection'of the propane gas G, gasified by the

vaporizers 10, into the air mixers 22. The compressed

f



a preferred enbodinent it conprises an air conpressor 202 for supplying air
at _a given pressure necessary for operating the main regulators 25 and

r.air control 5 valves, a freezing dehum difier 204 for renmoving
. ture fromthe operating air fromthe air conpressor 202, and a réEéLyer

tank 206 for
nner descri

operation w |
shown in Fig.
[err], the Ii

air mxer 22a

storing the operating air,@Qt a constant pressure. In the"

o

, bed, the air mixers 22a, H. 22b, and 22c, are turned on or off
by—=the line-switching controller 102. An exanple of the controlling

| now be explained in connection with the present enbodi nent

e ADFxE 700L 485, 72 B8 hpSsLOPLRochpUE-AcEaBgcl el 100
the gas cont eptyigelbReeROLABbAIRMRY O ¥ Cdiibla8Bdafl ¥E-AcHpbeation to the

STsrngul ar —oper at’i on. € gas pro

Thy the

quant 1y 20 T2, herqalPRi¥in® sk ¥ jiicn BRHbpheRCRECANAN LT O

22b is direct
m xers 22a an

quantity id tHhe; gas,hgl

25 m xer 22c

ﬁgaﬁgtggéﬁ:hggﬁa%e’}éélﬁ#&% CmftghgftﬁeB{:ﬁchEk N Byelg air

S to catch up consunpti on ‘and 't he

. NS fpe an _
'S dlrectegg%g ?S?ﬁﬁﬁﬁ?%ﬁéfﬁ#%ﬁu%?ﬁgfégLfgéPgﬁﬁé”a'”'“9 arr

Conversely, WasflstliBed2soOkNER deddtei KigSafP! #86m38he air compressor

10

202, and a receiver tank 206 for storing the operating
air at a constant pressure.

In the manner described, the air mixers 223,
22b, and 22¢, are turned on or off by the line-switching
controller 102. An example of the controlling operation
wili now be explained in connection with the present

embo§iment shown in Fig. 1. The gas holder 32 being
3

-assumed to have a capacity of 100 m™, the line-switching

15

controller 102 will be actuated upon drop of the gas

- content in the holder down to 70 m3 and give a direction

20

.25

to the air mixer 22a for its singular operation. When
the gas production by the single-unit operation of the
air mixer 223 is insufficient and the stored quantity
in the gas holder 32 has decreased to 65 m3, the air-
mixer 22b is directed to work too. When the combined
gas production by the air mixers 22a and 22b.still fails
to catch up with the consumption and the quantity in the

3

gas holder 32 has dwindled to 60 m~, the remaining air

mixer 22¢c is directed to join the gas-producing operation.

N



has further increased to 85 [err] and 90 [err], the air mxer 22b and ).
the nj xer 22a are 5 stopped, respectively, so that all the air mxers :
becone_ i noperat.ive. In the gas-producing plant of the invention,

cal or¥fic-val ue-adjusting lines are provided. According to the invention, a
Layter calorimeter 104 is installed 40y3n-the central control room 100. In
order that it nmay deternine the gas calorific values at the outlets of the
air mxers 22a, 22b, and 22c and the total calorific value of the gas from
these m xers, part of the gas is recovered fromlines 26 through branch
lines Cl to Clofivetrselyal wheh chenlgas dedkbumenini the Fhs baddpar 32ons
recovered in this way are passed thgough the Lauter calorineter 104 for
calorific valbasdéneremsed &0 8ShanTerthal atonrixerr 38m 180sitoppedi.pped
also with a mxing-air flow regulator 106, which 20 is congected through
el ectric cabl@beE3FhE4ybémmEE&aﬁ)ﬁum&h¢tcin¢repssﬁttgnéﬁsmglawﬁich oper at e
control valves 30;controlling air supply to the air mxers 222 Wth the
arrangenents 90 mfe @b#sﬁd@cmimme%&im@,thﬁ@ bther misernddigpairet es t he

m xing-air_flow regulator 106 25 in response to_the indicated val ue of the
Laut er %al 5EPPPEE: ZLSPATtIMLIX. 3P gthatepdit Ehe 3ignmizers 22

become inoperative.

has increased to 80 [err], the_ air nixer 22c is stopped. Wen the VO|?§§§%;

In the gas-producing plant of the invention,
— calorific-value-adjusting lines are provided. According
to the invention, a Lauter calorimeter 104 is installed
10 in £he central control room .100. In order that it may
determine the gas calorific values at the outlets of
the air mixers 22a, 22b, and 22¢ and the total calorific
value of the gas from these mixeré, pért of the gas is
recovered from lines 26 through branch lines Cl to C4
15 for calofific value determination.
The gas portions recovered in this way are
N passed through the Lauter calorimeter 104 for calorific
value determination. The central control room 100 is
equipped also with a mixing-air flow regulator 106, which
20 is connected thrdugh electric cables E3, E4, and ES5 to
electric-air positioners 31 which operate control valves
30 controlling air supply to the air mixers 22. With
the arrangements of the construction described, the
operator manipulates the mixing-air flow regulator 106

25 in response to the indicated value of the Lauter



\ el ectric-air positioners 31 via the electric cables El to E3. The
tric-air positioners 31 convert the signals to air signals with which
t

-

Tcontrol the openings 5 of the air control valves 30. In this way the air
supply to the individual air mxers 22 is finely adjusted, and the rat Q- of
air to propane gas in the resulting Rjepane- air gas and hence the
calorific value of the product are controlled. 10 Wil e the
m xing-air flow regulator 106 has been descri bed as nrani pul ated by an
operator, it may instead be interlocked with the calorinmeter for automatic

oper ati on. | o) h ent LAv j_O ' r ized b
tﬁe constru%ﬁ%%ﬁ %:%‘Po?%?é??vglkug-gd tgrem%r%%[éi‘:%ﬁnlai ngi:?%-ls tléo°C4 fory
use as cal ordfd cs - adi st L AgGordin j 110N . as
Chown i n P Giid EHELErSledie pO81 L 1BAR:s QIONIEH dikee e RaRles ™ ter

inner pipe 48, € 9g3. Of 1KOPELEctEPE-83FPLR IR RGY Y cfirérd - £ndaVi g an
i nside dianmeter of 5to 8 mm preferably 6 mm and wall thickness of 0.8 to

1.2 mm prefoighdys legmaiAngignbas0R18haWdlieh, t Utidde e Spdh PRgé2.
e.g., of steel, surrounding the inner tube 40, wth an inside J?aneter of.

20 to 30 gMoPrEier @bt Yedrt folMvadies230val IInt g6y Afhe? 40r SsdPbly
preferably 3.2 mm The use of small pipes, e.g., 6 mMmin inside
diameter, to the individual air mixers 22 is finely adjusted, and
the ratio of air to propane gas in the resulting propane-
air gas and hence the calorific value of the product s
are controlled.

10 | While the mixing-air flow regulatpr 106 has
been described.as mahipulateé by an operator, it may
instead be interlocked with the calorimeter for
automatic operation. _

Embodiments of the present invention are character-

15 ized by the construction of the calorific—value—determination lines
Cl to C4 for use as calorific-value-adjusting lines.
According to the invention, as shown in Figs. 5 and 6, N
the lines Cl to C4 consist each of a small-diameter.
inner pipe 40,.e.g., of copper, for sample gas recovery,

20 e.g., having an iﬁside diameter of 5 to 8 mm, preferably
6 mm, and wall thickness of 0.8 to 1.2 mm, preferably
1 mm, and a large-diameter, protective oute; pipe 42,
e.g., of steel;.surréunding the inner tube 40, with an
inside diameter of 20 to 30 mm, preferably 27.6 mm, and

25 'wall thickness of 2 to 5 mm, preferably 3.2 mm. The use:



in place of the conventional |arger pipes, e.g., of 20 mmdi aneter, for P
recovering and conducting sanple gas to the Lauter calorineter 104 5 makesd ' -
possi bl e imrediate calorific value determ nation and adjustnent. The tiqéé?)
lag ef bne te two minutes that has usually been required for the calorif

val ue et erm nati on and adjustnent is no |onger necessary. Thus when the

pl ant of the invention is designed fof lf-gas production of about 10000
[err]/day, for instance, it is possible to elinmnate the gas hol der 32 or .
replace it by a holder of a far smaller capacity. This sinplifies the plant

| ayout in building %m%?siproducing pl ant and saves largely the site and
construction c@ft $m pipes, e.gTheb prBt &Rt ipeidgt 8i3pPBRr42 surroundi ng
each inner pipe 40 not nerely provides protection but, in addition, allows
flow of warm aif® iFt&dfe Apddte RARERMLiPRAL NABFEERJPERESY pi pes 40, 42 to
keep warm t he sanpl e s, passipng through_the inner. The heat- 20

retaining ef feét-&tu artaite %ﬁﬂﬁﬁ%ﬁ’rEBFdPSHGVSEgbggie calorific val ue
eyl O L ST B A TSERREL 45 O U ERLRE, LETRELARYES: o
calorific value 25 AL SI IRl OB DM LQ LhEo2PR1A" LAYWR' ekbBfEnth bR A3
and adjustment. The time lag of one to two minutes
that has usually been required for the calorific value
A determination and adjustment is no longer necessary.
Thus when-the plant of the invention is designed for
10 gas production of about 10090 m3/day, for instance, it
is poséible to eliminate the gas holder 32 or replace
it by a holder of a far smaller capacity. This
simplifies_the plant layout in building a gas-producing
plant and saves largely the site and construction costs.
15 The protective outer pipe 42 surrounding each
inner pipe 40 not merely provides protection but, in
N addition, allows flow of warm air in the space between
the inner and outer pipes 40, 42 to keep warm the
sample gas passing through the inner pipe. The.heat—
20 retaining effect thus attained assures rapid and
accurate calorific value analysis of the sample gas
irrespective of the ambient temperature.
The double pipe structure is applicab;e not
only to the lines Cl to C4 for calorific value

25 determination but to the operating-air lines Al to A3



The plant for the production of propane-air gas according to the present
i nvention may be provided with internal safety control valves that work

o5 | eakage or other abnormality takes place in the pipelines and

her arrangenents and al so with energgncy stoppers to shut off the ga'{;i__d
flowin case of serious irregularity The gas- produci ng equi pnent . zg
central control roomfor controlling the plant of the invention has 10
graphic panels s ng the particulars of plant layout to facilitate .
preci se moni¥dHrYSy-of the plant operations. Wth the construction described
above, the presentTh@vpnaﬁﬁnfeshtheeprmdmpﬁﬂbnnﬁfmpxnpaﬁéiamrs, i ncl udi ng
the fol |l ow ng: |nc ri.zers .of - h ated t re
enpl oyed, n (ﬁF$@5?1§8u%% the |cﬁﬁfeqﬁi° %npﬁﬁﬁgﬁ?és
necessary @o‘rﬂeq:.whétyaltbefetyscontﬁadgewaloies crhat omrlexwheui on, or f i re

need of § ar e ORGP “eb FEBeEERAGERT Ty slug BIAEL 1Y SR BN, 10
i's sinple i mabnsthertaonangemenbspandt aldice widilstenergency ostoppers
accordi ngl'y éé"’%lﬁﬁ@ 6?14? %é”%?ésfi %ylhoc!é’@ t@f ”sé"égolgigidif’% xtrxrg%lr‘é#o t he

freedom from nechani cal trouble an practlc ﬁ% ance.
El i minati on of Phersasrpgoducingeequipmentar atthe eentrali eqrerolhe start

of operationr&8fl for controlling the plant of the. invention has
10 graphic panels showing the particulars of plant layout
to facilitate'precise monitoring of the plaht'operations.
With the construction described above, the
present invention achieves many advantageous effects,
including the following:

o/

15 (1) Since vaporizers of air-heated type are
employed, no such heat source as electricity, hot water,
or steam is necessary. .Consequently.-there is no danger
of ignition, explosion, or fire hazard, and the
vaporizers operate safely at low running cost.

20 With no need of large power source such as a boiler or
liquid-feed pump, the plant is simple in construction
and equipment. The construction cést_is accordingly low
and the plant is easy to maintain and control thanks to
the freedom from mechanical trouble and practically no

25 need of maintenance. Elimination of preheating or other



reduces calorific value variation. (2) The operation is easy and | ends_
itself readily to automated, unmanned operation. The operation 5 personrfi
may be decreased to a mininmum (3) The plant is non-polluting because ’
does Tot produce noise, vibration, waste water or gas, or other public

nui sances. . (4) Wth 100969asificati3§ efficiency, the 10 resulting gas
is,free fromcarbon nonoxi de and harm é8s~to the human being. (5) The gas
holdgr capacity can be m nim zed and the construction cost saved
accordingly. (6) Because the gas distribution piping 15 efficiency is

mar kedly increased (by a factor of to L existin | pi_ ng syste may be
W11 zen. (7) Premtprafy PECRoaouAkens. EhinEhatte bt BHETREAEN S m hor
gas utilities but is aI%g sugted fgr | arger ,scal e production. It can be
most advant agdgtRIST20CREAEIERE VRARE ¥BRP8EECB0ugh for industrial and

oSt 0 Uo2 () o eS| OB EdeRRLob. S, BB PSSR, "Ry DY
o Yol Sodfaiy PR teq HRRARN SHer W0 Hile Rhliatlod "
5 personnel may be decreased to a minimum. '
(3) The plant is non-polluting because it
does not produce noise, vibration, waste water or gas,
i“/ or other public nuisances..
(4) With 100% gasification efficiency, the
10 resulting gas is free from carbon monoxide and harmless
to the human being.

(5) The gas holder capacity can . be ﬁinimized
and the construction cost saved accordingly.

(6) Because the gas distribution piping .

15 efficiency is markedly increased (by a factor of 2 to 3),
existing piping systems may be utilized.

(7) The plant is not only suitable, needless
to say,for minor gas utilities but is also suited for
largef scale production. It can be most advantageously

20 made small and compact enough for industrial and
domestic uses. |

(8) Where localized satellite supply becomes
necessary by reason of inadequate distribution piping
system at the time of changeover from synthetic to

25 natural gas, the mechanical and compact plant of the

invention is very advantageously used.



CLAIMS: 1. A plant for the production of propane-_air _gas characterized by
a_storage tank for storing liquified propane gas, an air-heated type h
8pdri zer 5 for vaporizing the liquified pro st or age
g, an air mxer for mxing and dil yting theﬂmmmnﬂumamrl zed by the
air-heated type vaporizer with air, <Tal ori f Fc-val'ue-*adj*usti ng means”
having a calor- inmeter and a mxing-air flow regulator, said calorific- 10

val ue- adj usting ne gcovering part of the propane--air gas enmerging from
the air mxer thr gg—é—ikne connecting the cal orific-val ue-adjusting neans

with the air mxerl, anu ﬁeamunﬁunu;néuprnﬂmmtion usl peopénehe recovered
propane- ai r s b g0s of sai eé%% orineter 5 th? ?eter ned val ue bei ng

used in the fahu¥ s ﬁﬁﬁgﬁﬁfﬁf Y @ ORI GhARE £95oPE8FF€0 be
~admitted to 1h@uﬁf1ed1pebphpengﬁns Gﬁisaitkheateg ayperaporEgebator

b opanc-5i 1 §aE ERBPEERGE; ST ity Riorfhe SRR RERRT R %53%Fs%cture

consi sting otaaksnahladrammmar|ﬁunﬂmxxxngammdadihugéndiahetpropaner pi pe
surroundlng Egg eag éhigéngg Sﬂﬁété? €¥B§ E%QEZEPGWRE duction of_

propane-air as c rac eriz orage i quified
propane gas, aan.aandheaﬂo@uﬁﬂmrvnﬁna+adﬁusting means hav1ng a calor-

imeter and a mixing-air flow regulator, said calorific-
10 value-adjusting means recovering part of the propane-

air gas emeféing from the air mixer through a line

connecting the calorific-ﬁalue-adjustihg meaﬁs with

the air mixer, and determining the calorific value of

the recovered propane-air gas by means of said calorimeter,
15 the determined valﬁe being used in the manual or automatic
control of the quantity of air to be admitted to the air
mixer by means of said mixing-air flow regulator.
2. A plant according to claimi, wﬁérein the line
for recovering part of the propane-ait gas emerging from
20 said air mixer is of double-pipe structure consisting of
a small-diameter inner pipe and a large-diameter outer
pipe surrounding and protecting the inner one.
3. A plant for the production of propane-air gas
characterized by a storage tank for storing



for vapor|2|ng the liquified propane gas fromthe storage tank, an air

m xer for m xi ng and diluting t he propane gas vapgppzed—by—%he—aff-heated'
type vaporizer with 5 air, a gas holder for storin the ane air
ener- “ging fromthe air mixer, an air m xer con l"ﬂu ntroIIi

t he ®geration of the air m xer accordhnq g6 the |de t he
hol der, and calorific- value adjusting neans for recoverlng part of the

propane- 10 air gas energing fromthe air m xer, and determ ning the
calorific val ueidqhified, ptbpanet gasi,naa amnyhdzﬁeq;tggaivapdttzamnual or

2 ATDl ant acchft; PepoEtaftd bty yiindeteld pioriil 4 At W' Seqhafd
m xers, and saﬁdnhtrantaer monerpEowemqgmagn@nduﬁakugﬁng\thnnr@nammtor
attached to SQ%? Pgiggg,b?rkhgehgyjﬂggega;Egyéc)t rf rafiﬁﬁt'ng t he

control val ve ecte m xer in respo e signa om t he
gas volune5det%~'t-:¥'ora gas ahadfer: §gu storing the) PRARINEL- L | IR cemer

quantity of gaﬁ_{h%e raﬁoeﬁaeagesmaﬁh&od%e%wt@ﬁae é’ér{thI(%eaﬁ’@d an

operating air or actuatlng e main regu- lator of sald air nixer
upon openi ng of©O¥ h@orbFeldingathe opsration Q§ the Rih Mk rIFRFIRE| ai m

4, wherein  £@i ¢héagesi fhan¥atyeiadide ithe RANhoIderdend@ ¢alerific-
value adjusting means for recovering part of the propane-
10 air gas emerging from the air mixer, and determining the
calorific value thereof, the determined value being used
in the manual or automatic control of the quantity of
air to be admitted to the air mixer. '
4. A plant according to claim 3, wherein
there is a plurality of air mixers, and said air mixer
control means comprises a gas volume detector attached
to said gas holder, a line-switching controller for
actuating the control valve of a selected air mixer

i\/-

in response to the signal from the gas volume detector,
20 a main regulator for regulating the injection guantity
of gasified~propane gas introduced into the air mixer,
and an operating air-line for actuating the main regu-
lator of said air mixer upon opening of the control
N valve.
25 5. A plant according to claim 4, wherein



for recovering part of the propane-air gas energing fromsaid air m xer

whise- t ogether with said operating- air line for actuating said air m xer
ang@j double- 5 pipe structure, each consisting of a smalT-dianmeter inner

pi pé and a | arge-di aneter outer pipe surrounmlmﬂ ﬂﬂﬂm g the |ane_r/

one. 6. A plant for the production of propa ntlaIIy as -
her ei nbef ore described wth 10 refereﬁb& 40, and @sts @mn5|n*
acconpanyi ng dramnngs
said calorific-valué-adjuéting ﬁeéns includés a line
for recovéring'part of the ﬁfopane-air gas_emérging
ffqm said air mixer, which together with said operating-
air line for actuating said air mixer are of double-
5 pipe structufe, each consisting_of a smaii-diameber
inner pipe and a large-diameter outer.pipe surrounding
and protecting the inner one.
6.7 A plant for the broduqtion of propéne- N\

air gas substantially as hereinbefore described with

10 reference t¢, and as shown in, the'adeompanying drawings.




