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_ WE NAaTIONAL - STEEL . CORPORATION;. a
Corporation of the State of Delaware,
United States of Ameriea; of 2800, Grant
Building; - Pittsburgh 19, .. Pénnsylvania,
-5 United Statés of America, (Assignee of
William Newton . MeCoy and - James
Diamond Bell; do hereby declare the
invention; for which we pray that a_ patent
may be granted to us, and the method by

10 which _it is to be pérformed, to be partieu- -

larly described in and by the following state:
men : — ' ' : : :
This invention relates to a method of
operating superheeter and to indepsndent
315 superheater stiucture and centrel apparatus:
‘The. present invention provides a method

of operating an independent superheatér to
deliver fluid at a desired temperature; the
independent superheater having a heating
20 coil grrangement - within a heat exchange
chamber, fuel burner means for introdueing
fuel and combustion supporting gasing to
the  heat exchange chamber; and a flue
arrangément for dischafging the gases of

- 25 combustion from the heat exchange .cham-
" bér, jn which method supply of ecombustion
© - suppoiting ges to the fuel burner means is
quadtitatively, controlled .to . maintain the
amiount of oombustion supporting gds
30 delivered to the heat excliange chamber at a
prédetermined and fixed value and flue dis-

chiige capacity from the heat exchange-

chaiber is maintained at a fixed value, and

in which method fuel input to the heat ex--

35 chanige chamber s - controlled . - auto-
matically in response to the température of

- fliid 2ffer heatiig in the heat exchange

¢haiiber to maintain the témperature of

fluid deliveréd from the heat exchange

40 ¢hainber at a desired. level. L

hé invention . includes indep=rident

superheafer structure and control apparatus

¢ompfising .a . longitudinally extended heat:
[Price 4s. 6d]

* COMPLETE SPECIFICATION

.

ing :chainber; & helical heating coil in the ™
chgamber for carrying a fluld to be heated 45
and having eonvolutions defining a longi-
tudinally extended -cylindrieal configuration,
having_its longitudinal axis substantially ..
parallel to.the longitudipal axis of the heai-
ing chamber, the_ helical coil having & fluid 50
inlet at one longitudinal ehd of the heating
chamber and a fluid outlet at the. oppesite
longitudinal end of the hedting chambet ...
fuel burier means at the Jongitudina] end of.
the hedting chamber having the flmd inlet; 55
the fuel burner  being disposed ,to dis-
charge gases of combustion along . the
longitudinal -axis within the . eylindrieal. |,
configuration . formed by  the: é&ofivolu-
tions of the helical - coil, fuel supply 60
means. connected to the fuel Burner including
fuel input eontrol means fof gquantitatively
€ontro! Eng the. fuél delivered to the fuel ..
‘burner; combustioni supporting gas supply
meagis connected .to.the fue] burder and in- 65
cluding means for supplying a cohstang
volume of eombustion .supporting. gas. to
the fuel burher, temiperature. sensing .means. .,
lotated at the fluid outlet to rieasufe fluid *.
temperature and génerate a signdl in 70
rtsﬁ)'on_se to such tempefature measurement;
and siedns  cohneching  the teimperature
sensing means to the fuel input .eofitrol . .
means to control fuel inplt in tesponse to 15

temperature méasurement. .

_The invention will be further described by
way of example; with rteferdiice to the
accompanying drawings wherein: oo

Figure 1 is: a scheinatic view, partially in
section, of a siiperheater strusture; -80
Figure 2 is a schématic view of the super:

heater structure with asSbciated edntfol
apparatus; o S

Figure 3 is an enlarged view of a pontion
of the structure of Figutes 1 arid 2;and . 85

Figure 4 is a sthenfatic view of.  fhe
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superheater structure and contro] apparatus

as applied to the control of coating weight
of “hot-dip coated steel strip.
In these drawings, like numerals have been
".5 tised: to designate like parts where appro-
priate in-the various figures. . ... .. -
The longitudinally extended ‘independent
superheater of Figure 1 includes a heating
chamber 12, a fuel burner 14, and flues 16
10 and 18. A helical coil 20 is disposed within
the heating chamber 12 with convolutions
of the coil 20 defining a cylindrical configura-
tion having a longitudinal axis which is
substantially coextensive with that of the
15 heating chamber 12.

Fluid to be heated is introduced at a fluid .-
inlet 22 of the coil 20 and delivered at a
fluid outlet 24. Fuel and combustion. sup-

porting gas are fed to the burner 14 via a
20 fuel line 23 and a combustion supporting
... pas line 25, ‘respectively and are combined
“" in the burper. =~ . - IR

. Gases of combustion discharged from the

fuel ‘burner 14 travel along the longitudinal
25 axis withinthe cylinder formed by the con-

... volutions of the coil 20. At the fluid ‘outlet .

Y end of the hLeating chamber 12, the gases' of
comibustion are directed radially outwardly,
as indicated by the flow :arrows, and -then in

30 substantially - counterflow relationship. ‘Gases

. ‘of combustion ate discharged from the heat-

. ing chamber through the flues 16 and 18. It
should be noted that the' flue discharges are
located at the fluid inlet end of the heating

35 chamber 12 and that no damper control'is

- provided. As will be seéen from the descrip-

¥ tion -t follow, ‘a constant: volume ‘of com-
bustion' supporting gas, such as air or
oxygen-enriched air, is provided and, with

- 40 comtrol of fuel supply, plays-an important
. Tole : in - producing ' ‘a rapid-response - to
> fluctuations in the rate of flow of fluid to be
: “Temperature-selection and rapid response

.45 4r¢ available with constant or varying flow
.. demands. To dcoomplish this end, the
¥ superheater is operated on a fixed voluine of
air-or.other-combustion supporting gas and

the fuel supply is varied to meet temperature

50 reqiirements ° and /or - varying fluid flow

... requirements. - With the superheater * des-

% cribed above, fuel input 'affects both flame
temiperature - and combustion produict- tém-
perature. © Therefore, both radiant heating

55 and convection heating are-affected. With the

_, constant volume of air supplied and dis-

-1+ charged, temperature response is almost in-
stantaneous.. .~ - o o 00
- ‘Referring to Figure 2, a constant volume
gy ©of air is supplied to the fuel burner 14 by

., @ compressed: air blower- 28. Quantitative

- control of fuel flow in the ling' 23 is' main-
tained by a’valve 30 which is controlled by
a valve drive unit 32.

65 At the heated fluid discharge end of the

longitudinally extended. heating chaimber 12,

a temperature sensor 34, comnected (o: the
line 24, measures the temperature of heated -3
fluid. The sensor 34 geherates a signal which
is delivered over a line’ 36-to a  temperature 70

- controller 38 and, in. turn, a. signal: js - -

delivered over a line 40 to the valve drive
unit 32. The temperature desired for super-
heated fluid can be selected at the .tempera- . -
ture controller 38 and differences between 75
the measured temperature at the sensor 34
and the desired temperature input to the .
controller 38 generate responsive signals to
raise or lower the fuel input to the- fuel .-
bumner 14. : ' 80

.. An excess air type of fuel burner as shown

in Figure 3 is used. This type of burner may

also be referred to as a tempered flame

burner. A’ constant pilot is provided; opera-
tion of this type of burner will be obvious 85
from Figure 3. In combination with other
features of the invention, the burner helps to
provide rapid- tempsrature response.- For
example, ‘'when fuel is being added the
hottest flame, at the burner 14, contacts 90
steam in the coil 20 shortly after entering
the heater when the steam is relatively Jow
in" temperature. - This.- large - temperatiire
differential facilitates rapid heat exchange. ..
- Combustion gaseés travel as shown in 95
Figure 1; heat exchange along the internal
surface of the cylindrical space defined by
the -convolutions of the coil 20-is primarily

.due to radiant heating. Along the extérnal

surface of the cylinder, heat transfer is due 100
chiefly” to convection- heating. Tt ‘can be
readily -'seen that ‘when - fuel supply is
diminished, the flame temperature and the
temperature ‘of the products of combustion
will" diminish. Fluid temperature ‘change
within the coil 20 will follow rapidly with
heat exchange “facilitated by  the ‘constant
volume of ‘air supplied by the compressed
air blower 28. Whether heating up or cool- ., .
ing down, ‘heat exchange takes place over 10
the full surface -area of the ‘coil ‘because of
the : coil’s -configuration. In effect, alimost
instanitaneous temperature response is avail-
able by oontrolling fuel input. This rapid , .
response js éspecially important when steam 115
flow 'requiremients -vary. since heating
requitements - would vary instantaneously
with change in the fiow rate demand. =~

- Referring to Figure 2, fluid under pres- . -
sure is supplied via the line 22. The pressure 120
may be regulated by a pressure regulator

i0s

-valve 42, In operation, the pressure is sensed

near the point of use of the superheated
fluid by a_ préssure semsor 44 which ..
generates a signal which is' delivered over 2 125
line 45 to a pressure controller 46. Desired
pressure is selected at the pressure controller
46. Any differential between measured and
desired pressure controls the pressure regula-

tor valve 42, 130
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. .. .proyided at 70..

35 almost instantaneous control

The present invention can be used for
control of superheated steam used in a jet
coating control process. Referring to Figure.

4, galvanized strip 50 is travelling upwardly -

.5 from a-hot-dip coating pot (not shown) be-
tween superheated steam nozzies 52 and 54
which are used to control the coating weight
of molten zinc on the strip. It is essential in
this environment to maintain instantaneous

10 contro]l of the temperature and pressure of
the steam in order to exercise proper coat-
ing control for-the varying gauges of steel
strip being coated. The speed of the line
varies with variation in strip gauge and the

15 temperature, pressure, and flow require-
ments may vary accordingly. -
. The control features described in relation
to Figure 2 are employed in this environment
as are various safety controls. For example,

20 the nozzles 52 and 54 have regulator valves
56 and 58, respectively. These mayv be
automatically controlled from a - control
panel 60. Pressure and -temperature indica-
tor gauges for the entire system may be in-

28 cluded in the control panel 60. At the supply
end of the heating chamber 12. a manualily
operated butterfly valve 62 is provided in
the line 25. Pilot controls 64 are provided
for the constant pilot of the burner 14 and a

30 flame protection relay 66 is provided for
safetv reasons. A main gas pressure regula-
tor is provided at 68 and a safety valve is

The- abgve. system funetions.io provide
of super--
heated as required to provide tempera-
ture selectively and meet varving flow
demands. :
WHAT WE CLAIM 1S:—
40 1. Method of operating an independent
superheatzer to deliver fluid at a desired tem-
perature, the independent superheater

having a heating coil arrangement within a-

heat exchange chamber, fuel burner. means
45 for introducing fuel and combustion sup-
porting gasing to the heat exchange cham-
ber, and a flue arrangement for discharging
the gases of combustion from the heat ex-
change chamber, in which method supply
50 of combustion supporting gas to the fuel
burner means is quantitatively controlled to
“maintain the amount of combustion support-
ing gas delivered to the heat exchange
chamber at a predetermined and fixed value
55 and flue discharge cezpacity from the heat
exchange chamber is maintained at a fixed
value, and in which method fuel input to the
heat exchange chamber is controlled auto-
matically in response to the temperature of
60 fluid after heating in the heat exchange
chamber to maintain the temperature of
fluid delivered from the heat exchange
chamber at a desired level.
2. Method as claimed in claim 1 in
65 which the fuel and combustion supporting

; and control apparatus comiprising a longi- "
-tudinally extended heating chamber, a 100

gases are combined in the fuel burner
means and gases of combustion are. dis-
charged thereby into the heat exchange
chamber. .

3. Method as claimed in claim 1 or.2 in 70
which the pressure of fluid' delivered to the
heating coil arrangement to be heated by the
chamber is controlled responsively to -the
pressure of fluid being delivered from the
heat exchange chamber after heating to 75
deliver the fluid at a preselected pressure.. ..

4. Method as claimed in claim 1, 2 or 3
in which the fluid heated and delivered by
the superheater is steam. -

5. The utilization of superheated stcam 80 .
produced by the method claimed in claim
4 in which the superheasted steam delivered
by the superheater is directed on to hot-dip
coated metal strip upon exit from a hot-dip
coating bath to control the coating weight.

6. The utilization of superheated steam ..

"as claimed in claim 5 in which the strip is

steel and the coating bath is a gzlvanizing
bath. '

7. Methods of superheating a fiuid sub- 90
stantially as herein described with reference
to the accompanying drawings. .
- 8. A method of controlling the coating
thickness in a galvanized strip producing _
process substantially as herein described 95
with reference to Fig. 4 of the accompanying

" drawings.

9. Imdependent . superheater - structure’

helical heating coil in the chamber for carry-

ing 2 fluid to be heated and having convolu-
tions defining a longitudinally extended
cylindrical configuration having its longi-
tudinal axis substantially parallel to the 105
longitudinal axis of the heating chamber,
the helical coil having a fiuid inlst at one
longitudinal end of the heating chamber
and a fluid outlet at the opposite longi-
tudinal end of the heating chamber fuel 110
burner means at the longitudinal end of the .
heating chamber having the fluid inlet, the
fuel burner being disposed to discharge
gases of combustion along the longitudinal
axis within the cylindrical configuration 135
formad by the convolutions of the helical
coil, fuel supply means connected to the
fuel burner including fuel input con-
trol means for quantitatively controlling
the fuel delivered to the fuel burner, 120
combustion supporting gas supply means .
connected to the fuel burner and
including means for supplying a con-
stant volume of combustion supporting gas

to the fuel burner, temperature sensing 125
mezans located at the fluid outlet to measurs
fluid temperature and generate a signal in
response to such temperature measurement,
and mezns connecting the temperature
sensing means to the fuel input control 130
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The present invention can be u:sed- f_o:
control of superheated steam used in a jet

&/3 coating oontrol ‘process. Referring 10 Figure.

4, galvanized strip 50 is travelling upwardly

5 from a-hot-dip coating pot (not shown)
tween -superheated steam nozzles 52 and 54

be-

which are used to control the coating weight

of molten zinc on the strip.

It is essential i

this environment to maintain. instantaneous

10 control of the-temperature

and pressure of

the steam in order to exercise proper_coat-
ing .control for- the varying gauges of steel

strip being coated. The §
varies with variation in stri

peed of the line

p gauge and the

15 temperature, pressure, and. flow require-
ments may vary accordingly. - . _
. The control features described in relation

to Figure 2 are employed in

this environment

as are various safety controls. For example,

20 the nozzles 52 and 54 have
56 and 58, Tespectively.

regulator valves
These  may -be

automatically controlled . from ‘a.- control
panel 60. Pressure and, temperature ‘indica-

tor gauges for the entire.s

may be in-

' 2§ cluded in the control panel 60. At the supply
" end of the heating chamber 12, -a -manually
operated butterfly valve 62 is provided in-

the line 25. Pilot: controls’
for the constant pilot of the

30 flame protection relay 66
_ safety reasons. A main gas

tor is provided at 68 and a safety valve is

. . prayided at 70,

64 -are  provided
burner 14 and a
js provided for
pressure regula-

HETL

s . - The- above: system functions:.to provide !’

35 almost instantaneous control of super--
heated gas as required to provide tempera-
ture selectively and meet varying flow

demands.

WHAT WE CLAIM 1S:—

40 1. Method of operating

an independent

superheater to deliver fluid at a desired tem-
perature, the ‘independent  superheater
having a heating coil arrangement within a
heat exchange chamber, fuel burner means
45 for introducing fuel and combustion sup-

porting gasing to the heat

exchange cham-

ber, and a flue arrangement for discharging
the gases of combustion from the heat ex-

change chamber, in. which
50 of combustion supporting

method supply
gas to the fuel

burner means is quantitatively controlled to
maintain the amount of combustion support-
ing gas delivered to the heat exchange
chamber at a predetermined and fixed value
55 and flue discharge capacity from the heat
exchange chamber is mainfained at a fixed

value, and in which method
heat exchange chamber is

fuel input to the
controlled auto-

matically in response to the temperature of
60 fiuid after heating in the heat exchange

chamber to maintain the
fluid delivered from the
chamber at a desired level.

2. Method as claimed

65 which the fuel and combu

temperature of
heat exchange

in claim 1 in
stion supporting

cheans and gases of ~combustion. are. dis-
charged thereby into the heat exchange

(2]

3. Method as claimed in claim 1 .or.2 in 70
which the pressure of fluid delivered to the
heating coil arrangement to be heated by the
chamber. is controlled responsively to. the
pressure Of fluid being delivered from the
heat exchange chamber. after heating. to 73
deliver the fluid at a preselected pressure.. .
4. Method as claimed in claim 1, 2 Or 3
inh which the fluid heated and delivered by
the superheater is steam. : o
5. The utilization of superheated steam 80
uced by the method claimed -in_claim
4 .in which the. superheated stcam delivered
by the superheater is directed on to hot-dip
coated metal strip upon exit from a hot-dip __
ocoating bath to control the coating weight. 85.
6. The utilization of superheated steam ..
as claimed in claim 5 in which the strip 18
steel and the coating bath: is a galvamzing
bath. - S o
7. Methods of superheating 2 fluid sub- 90
stantially as herein described with reference
to the accompanying drawings. o
~8. A method of controliing the coating
thickness in' a galvanized strip producing
PTOCESS substantially as herein described 93

- with reference to Fig. 4 of the accompanying

drawings.

.9. Independent : ‘superheater”* structure: -
and control apparatus comprising a ofigh-"
tudinally extended heating chamber, 2 100

helical heating coil in the chamber for carry-

ing & fluid to be heated and having convolu-
tions defining a longitudinally extended
cylindrical configuration having its longi-
tudinal axis substantially parallel to the 105
longitudinal axis of the heating chamber,
the helical coil having 2 fiuid inlet at one
longitudinal end of the heating chamber
and a fluid outlet at the opposite longi-
tudinal end of the heating chamber fuel 110
burner means at the longitudinal end of the .
heating chamber having the fluid inlet, the
fuel burner being disposed to discharge
gases of combustion along the longitudinal
axis within the cylindrical configuration 113
formed by the convolutions of the helical
coil, fuel supply means connected to the
fuel bumer including fuel input con-
trol means for quantitatively controlling
the fuel delivered to the fuel burner, 120
combustion supporting gas supply means .-
connected to the fuel burner and
including means for supplying a con-
stant volume of combustion supporting gas

to the fuel burner, temperature sensing 125
means located at the fluid outlet to measure
fluid temperature and gemerate a signal in
response to such temperature measurement,
and mesns connecting the temperature '
sensing means to the fuel input control 130



medns to-control fuel input in response to  flid préssdte Wwith a selected fliaid pressire *
temiperatuie measurement. . . . - . and regulaté the fluld itilet pressure respor- S .
10. .Independent superheater: structure sivély therets: . . - - - I W4
and control apparatus as claimed in claih - 13.. Apputatus - for - delivefing  sdper-
5 9 furthet .inecluding a séleetively Operable heuted stéamt at sslected tempeftiture 3ad 35 X
tempetature -controller ~connected betiveén ipressute for controlling coating weighit of .
the temperature sensing means and the fuel hot«lip evated steél strip by diteeling the
input control - means {o. eoordinate the supetheated stéani ofito the sttip upén exit
méasure temperdtire with ‘a selected tem: from a hot:dip coating bath, comprising a
10.perature and regulate fuel input responsively -supethenter stfuctire sad eonttdl apparatus 40
thergto.- . ... ... L o . . e2sclaimed in ekiifils 10 and -12; steain supply
- 11. Independent superheater ~stfucttire smeans for deliveting steafii -iifidef pressure
and econtio] apparatus as claimed in-cleim 9 to the fluid inlst to the  heating eoll, and :
or 10 further including pressuré sensing wmeans fof delivering superhedted steam fiom _ g
15 meais located at thé fluid outlet to ifieasure the fluid outlst 16 the hot-dlip codiiig opéfa- 43
fluid . préssure - withiin the hélical coil and tion at preselected tenipeéitifure dnd pressure.
generate a sighal in résponse. to such pres: 14. A supetheatér sttiiéhire afid control
sufe . theasureshent, fluid -supply - pressure appaiatus constiuctéd sibstantially 4§ hére-
éohttol means connected to said:fluid inlet, in described with référehice to and s illus- _
* 20 and ineans connecfing the pressiire serising trated in Figs. 1, 2 and 3 of the accomipaiiy- 50
means to the fluid supply préssure conirol ing drawings. S S
nieans to coritro] fluid' sepply 16 the helical 15: Hot-dip coafifig’ weight - control
coil ‘responsive to pressure . meéasirements appapitus constfucted  and - ddapted - to
by the g;ssure sensing means. .- . operate substaitidlly 84§ herein described .
25 12, ‘Independent superheafer  stfuctiire with tefetérce 0 4@ as illustiatéd m Fig. 4 35
and control appafitus as claifhed it élaith of the accompanying drawiigs: - - -
11 further including a sélectively operable Ce L o
pressure régulator comnéctihg the pressire W. P. THOMPSON & CO.
serising meartis to the fhiid supply - pressuré 12, Chiifch Streét; Livetpool, 1. \
30 control means 0 coordiivite ‘thé measured Chartered Pitent Agents. v
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