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1

3,102 0@9
APPARATUS FOR THERMAL TREATMENT

OF METAL
William A. Blonn, Whiteland, Ind., assienor to General

Electric Company, a cmpnraﬁ@n of New York
Filed Mar. 28, 1960, Ser. No. 17,960
- 10 Claims. | (Cl.'34—159)

- This invention relates to a novel and improved appa-
ratus for the thermal treatment of metal and is particu-

larly adapted for use in combination with an annealing.

furnace for continuously annealing strip steel whereby
the apparatus of this invention would be utilized to cool

10

the continuously moving strip after it leaves the anneal- -

ing furnace. While the invention offers particular ad-

vantages as.means for cooling metal in combination with

a tower annealing furnace, the apparatus of this inven-
tion may also be utilized in conjunction with other proc-
esses for the treatment of metal and particularly may be
utilized for heating instead of cooling. Accordlngly, if
should be understood from the outset that in the following
description and appended claims, wherever the invention
1s described in connection with a cooling process for con-
tinuously moving strip metal, it is to be fully understood
that there is intended to be included the use of the inven-
tion with other forms of metal and/or in a heatmg proc-
ess as well.

A well known construction for a tower annealing fur-
nace for continuously annealing strip steel comprises a

furnace hcmsmg through which an elongated sheet of -

15
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speed on the order of 200 to 250 feet per minute.
~ portion of the strip cooling section comprises a plurality

Patented Aug. 27, 1963

2
A

of sets of cooling units spaced longitudinally of the cooi-
ing section with each. set of units comprising a plurality of
units arranged vertically in spaced relation alongside the
path of the strip. Each of these ccoling units comprises
a plurality of cooling water conducting coils arranged to
provide a large area of cooling surface having a general

 plane lying paralle! to and clalsely adjacent to a next adja-

cent strip. A low pressure rise ‘axial flow fan is located
adjacent the side of the coils opposite the strip for blowing
atmosphere through the coils and toward the strip. ‘With
the apparatus of the Cooper et al. patent, the strip is cooled
by reason of radiation between the strip and the large
cooling area presented by the next adjacent cooling coils.
Also, the low velocity cooled atmosphere circulated by
the fan effects convection cooling of the strip. While a
combination radiation and convection cooler of the type
shown in the aforementioned patent may provide a higher
heat transfer coefficient than a pure radiation type cooler,

- it still does not provide a sufficiently increased heat trans- -

fer coeflicient to pemut marked increases in ‘StI'lp speed
without undesirably increasing the over-all size of the

~ apparatus by the addition of more passes of cooling.

25
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metal or “strip” is passed. The furnace is provided with

a plurality of respectively associated pairs of upper and

lower rolls to support and drive the strip through the

furnace in a plurality of parallel, vertically extending
loops. This vertical multi-pass arrangement of the fur-
nace permits the length of strip within the furnace to be
many times greater than the length of the furnace, thus

35

Also, i1f the movement of the hot strip is stopped, the strip |
will be cooled quickly by radiation heat transfer between |
the strip and the next area of cooling coils. The resultant

reduction in temperature and thus the pressure of the

~atmosphere within the cooling section may be at a rate

greater than can be compensated for by make-up atmos-
phere. There will thus tend to be created a partial
vacuum within the cooling section which may cause struc-
tural coilapse of the walls of the cooling section. Also,
this rapid cooling of the strip may tend to cause bluing
of the strip, resulting in the necessity of later scrapping

| of the portion of the strip disposed within the furnace.

providing a substantial reduction in the length of the

equipment over that required for a single horizontal pass '

arrangement. After the strip leaves the furnace, it is
necessary to cool the strip in a controlled manner. In
some cases 1t 1s desirable to cool the strip as quickly as

40

possible from a relatively high to a moderately low tem-

perature. At other times, it may be desirable 16 cool the
strip from a relatively :hi-gh temperature of around 1000°
- F. to a moderate temperature of approximately 500° F.
and then cool the strip quickly to a relatively low tem-
perature 'of about 150° F. It is, of course, always desir-
able to miaintain the size and particularly the length of
the cooling apparatus as small as possible in order to

45

A novel and 1mpr0ved concept of mohng or heating
uoontmuously moving strip material is described and
claimed in copending United States Patent Apphcatlon
Serial No. 850,438, filed November 2, 1959, in the name
of William L. Zabriskie, the employer-assignee of the in-
vention of said application also being the employer-
assignee of the invention of this application. The afore-
mentioned copending application describes and claims a

~ jet cooling system for discharging -a high velocity jet of

50

maintain the plant fa.cﬂlty reqmrement for the over—eall .

installation at a minimum.
One heretofore known arranﬂement for cooling strip

mmprlses a plurahty of vertically arranged parallel cool-
-ing structures in which is circulated cooling water to pro-

vide heat transfer from the strip by means of radiation.

The strip is passed between the coolers in a vertical multi-

pass fashion by means of strip supporting and driving
‘structure similar to that of a tower furnace.
cooled radiation type coolers are relatively satisfactory
for reducing strip temperature from a high to a moderate

The water

9

cooled atmosphere against a next-adjacent moving strip
of metal.- In one aspect of that invention, it is contem-
plated that a plurality of jet cooling units will be arranged
in a plurality of vertical spaced apart rows in combination
with a housing similar to a housing for a tower furnace.
The jet cooling units are self-contained units, in that each
mounts its own meotor driven high pressure tise fan and
each contains heat exchanger means for cooling the at-
mosphere recirculated by the cooling unit for jet discharge

against a next adjacent pass of moving strip. Each unit

- further comprises a plenum chamber which is connected

60

- cooled atmosphere against the strip.

- culating fan.

to the outlet of the high pressure rise atmosphere recir-
The plenum chamber-is provided with ori-
fice means opening outwardly thereof for the discharge of
‘The combination of

 orifice discharge means with a high pressure rise fan pPro-

temperature in a fairly short length of time but are not

as satisfactory for quickly reducing the temperature of
the strip from a moderate to a relatively low temperature.

It is not unusual for a strip cooler of this type to have as 65

many as thirty to thirty-five passes, thus providing a struc-

_ture having an undesirably large space requlrement
Ancther type of strip cooler is shown in United States

Patent No. 2,521,044, issued September 5, 1950, in the -

names of W. B. Cooper and E. J. Seabold. In the appa-
ratus of this patent the strip is passed through the cooling
section in a vertical multi-pass arrangement at a lineal

70

- a marked decrease in the size of the apparatus.

vides a high velocity jet discharge from each unit rather

than the low velocity flow achieved in a construction such
as in the aforementioned Cooper et al. patent, wherein

one side of the plenum chamber is substantially entirely -~

open and a low pressure rise axial fan discharges into the
plenum chamber. Strip cooling apparatus incorporating
jet cooling units of the type described provide a marked
improvement in heat transfer and other performance, and
at the same time the use of the jet cooling units results in

How-

- ever, it is desired to make certain improvements in the
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performance of apparatus incorporating jet cooling unifs
of the type described, particularly in the areas of strip
fiuiter and twist.

Accordingly, it 1s the primary object of the present in-
vention to provide novel improvements in a jet cooling
system of the type described which will provide, in con-
nection with fast moving strip, improved stabilization
against flutter and which will reduce if not eliminate any
tendency of the strip to twist.

It is another object of the present invention to provide
novel improvements in a jet cooling unit of the type de-
scribed which will result in a reduction in size of the unit
without any reduction in performance thereof and which
will result in improved protection against atmospheric
collapse. '_ ~

Other objects and advantages of this invention will be
in part obvious and in part pointed out in detail herein-
after. |

In one aspect thereof, my invention comprises a jet
cooling unit of the type described in which the orifice
means for the discharge of cooled atmosphere from the
plenum chamber of the unit comprises a plurality of small
diameter orifices arranged in a plurality of rows with the
rows being spaced apart in a direction corresponding to
the direction of movement of strip passed through the
unit. The plurality of small diameter orifices correspond
in total hydraulic area to the hydraulic area of a narrow
elongated slot or nozzie extending laterally of the strip
path past the unit and fully across the strip. By the term
hydraulic area is meant the total measured area of the
discharge openings of the unit reduced by an amount Cor-
responding to the contraction of the jets as they pass
through the discharge orifices and by an amount corre-
sponding to a reduction of the atmosphere flow as it 1s
discharged from the plenum chamber. Thus, it can be
seen that the term “orifice means” as used herein is in-
tended to define jet discharge means such as might com-
monly be referred to as an orifice and as opposed to large
area low velocity discharge means such as represented by
the large discharge opening in the Cooper et al. patent.
The provision of a plurality of spaced apart rows ¢f orl-
fices Tather than a slot as a means for discharging atmos-
phere from the jet cooler tends to reduce any Bernoulls
effect caused by the passage of high velocity atmosphere
between and parallel to the jet cooling unit and a next
adjacent strip. Where a plurality of jet cooling units of
the type described are arranged in a pair of vertically ex-
tending horizontally spaced apart rows so as to discharge
atmosphere against a pass of strip moving parallel to and
between the rows, it'is another aspect of my invention to
vertically offset the units in one row relative to the units
in the next adjacent row in order to stagger the jet dis-
charge streams on one side of the strip relative to the
jet streams on the other side of the strip. Another aspect
of my invention is the location of the heat exchanger
means for the jet cooling unit in a position entirely ex-
ternally of the housing or tower and in a position remote
from the strip passing through the housing. As will be
hereinafter apparent, this aspect of the invention is a
result of the desire for and results in a reduction in size
of the jet cooling units and contributes to improved per-
formance of the apparatus as a whole from the standpoint
of stabilization of strip movement and also provides im-
proved ease of manufacture and maintenance of the jet
cooling units. A more detailed understanding of the fore-
going as well as other aspects of the invention may be
had by reference to the following description when taken
in connection with the accompanying drawings, in which:

FI1G. 1 is an end elevational view of an exemplary strip
cooling tower incorporating improved jet cooling units
constructed in accordance with this invention;

FIG. 2 15 a side elevational view of the cooling tower of

FIG. 1; | |
FIG. 3 1s an enlarged, perspective view, partly cut away,
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of one of the jet cooling units of FIG. 1, with the fan and
motor assembly removed;

F1G. 4 1s a perspective view of the fan and motor as-
sembly of the jet cooler of FIG. 3;

FEG. 5 is a reduced scale, side elevational view of the
jet cooling unit of FI1G. 3;

FIG. 6 is a side elevational view of an alternate em-
bodiment of a jet cooling unit constructed in accordance
with this invention; |

FIG. 7 is a top view of the unit of FIG. 6; and

FIG. 8 is a side elevational view of another alternative
embodiment of a jet cooling unit constructed in accord-

ance with this invention.

With reference to the drawings and particularly FIGS.
1 and 2, there is illustrated examplary strip cooling ap-
paratus of a type for which the present invention is adapt-
ed for use. The apparatus comprises a tower-like hous-
ing 1Q constructed to contain a controlied atmosphere and
to exclude air from entering the housing. The housing
includes a plurality of pairs of upper and lower driving
rolls 12 and 14, with the upper rolls 12 being spaced a
substantial distance above the lower rolis I4. As shown
in FIG. 1, suitable drive means such as electric motors £6
are supported on the housing 1¢ and are drivingly con-
nected to the rolls 12 and #4. The strip 18 enters the
housing 1¢ through a suitable atmosphere seal 28 and is
passed alternately around the upper and lower rolls 12
and I4 which support the strip 18 in a plurality of verti-
cally extending loops to provide the strip with a vertical
multi-pass path through the housing 18. The strip leaves
the housing 16 through a suitable seal 24 which precludes
exhausting of atmosphere through the exit opening for the

strip.  Suitable means are provided, but not shown, for

40

45

introducing and maintaining a proper amount of con-

trolled atmosphere in the housing 18. In the interest of
brevity, further details regarding the specific construction
of the housing 18 with respect to such things as the sup-
porting and driving of the strip through the housing as
well as the control of strip speed, maintenance of atmos-
phere conditions, etc., will not be described, inasmuch as
such details are not necessary for a full understanding of
the present invention and are well known to those skilled
in the art. o

A plarality of atmosphere recirculating jet cooling units
3@ are supported on each of the opposite sides of the hous-
ing 1% in a plurality of horizontally spaced vertically ex-
tending rows. The jet cooling units 39 supported on the

- side of the housing opposite the side illustrated 1n FIG. 2

a9
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are, as shown in dotted lines, arranged in vertical rows,
with the vertical rows of units being horizontally spaced
apart so as to be disposed between alternate pairs of next
adjacent strip passes. On the side of the tower illustrated
in FIG, 2, it can be seen that a vertical row of jet units
36 1s disposed outwardly of each end pass of the strip 18
as well as between the next adjacent pairs of jet units
supported on the other side of the tower housing. In this
manner a row of jet cooling units 3¢ is disposed next
adjacent each face or side of the strip 18 in each pass of
the strip.

With reference to FIGS. 3 to 5, each jet cooling unit
comprises a casing 32 provided with a mounting {lange 34
which telescopically fits within a complementally shaped
collar or fiange on the wall of the housing 18. The
tlange 34 may be bolted, spot welded or otherwise suit-
ably secured to the mounting collar or flange on the hous-
mg in order to retain the unit on the housing while at
the same time permit removal of the unit when desired
Or necessary.

With the jet unit 39 mounted on the housing as shown
in FIG. 1, the portion of the casing disposed to the left of
the flange 34, as viewed in FIGS. 3 and 5, will be disposed
within the housing. With reference to FIG. 3, a pair of
walls or partitions 4%, 42 extend Jongitudinally of the
casing and divide the casing into a central plenum cham-

ber 44 extending longitudinally of the casing 32 and a



pair of inlet or suction chambers 46 extending parallel
to.and disposed on :opposite sides -of the plenum cham-
ber. As will be apparent from FIG. 2, when the jet
-~ unit is mounted on the housing 10, the plenum and inlet
chambers of the unit will be aligned in a direction ex-
tending parallel to the path .of strip: movement in -a mnext
adjacent pass of strip. o

To provide for the jet discharge of atmosphe:re: firom.
within the plenum chamber 44 toward a mext adjacent
strip, a plurality of -orifices are provided in each casing
30 in the form of a narrow elongated slot or nozzle 43

and a plurality of small diameter holes 49 arranged in

a pair of rows extending parallel to and disposed -on -op-
posite sides of the elongated orifice 48 in spaced relation
thereto. The slot 48 extends longitudinally of the jet
cooler so as to extend laterally of a next adjacent strip
and parallel to the general plane of the strip. The length
of the slot 48 is preferably at least-equal to the width of
the strip intended to be cooled :so as to assure -uniform

cooling across the full width of the strip. As best shown:

in FIG. 3, in order to enhance the nozzle characteristics
of the orifices 48, the casing 32 is provided with diverging

lips 41 extending from the longitudinal bordering edge -

portions of each orifice 48 and inwardly of the plenum
chamber 44, In the case of jet cooling units located
between next adjacent passes of strip, the casing 32 is
provided with a slot 48 and a pair 'of rows .of holes 49 on

each of the faces 31 of the casing s0 .as tlo'pmwde for
the simultaneous discharge of atmosphere in opposite

directions toward the next adjacent strip. In the interest

3,102, 009
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~the casing 62 next adjacent the fan housing. In this

10

| _ 6
preferably brazed to the casing and/or headers external-

1y of the casing 62 so 1nat no joints wild be Jocated within
the casing. 62.

_ As should be apparent from a consideration of FIGS. 3
and 4, the fan housing 54 is mounted alongside one face
of the casing 62, and the opening 53 in the partition 51
ottset laterally of the partition toward the face of

manner, the fan housing is spaced from the other face

-0f the casing 62 so that the heat exchanger tubes 59 may

- be disposed ‘alongside the fan housing and between the

15

fan ‘housing and the other face of the casing 62. As
should also be apparent from a consideration of FIGS. 3

and 4, with the fan housing and heat exchanger in as-

sembled condition within the casing 62, the bight portion
of the tubes 89 will extend about the inlet 55 of the fan
housing so that atmosphere passing into the fan will first

be required to come into heat exchange relationship with

-~ the cooling tubes 59. As will be realized by those skilled

20
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of brevity and clarity, only one stot 48 and pair of rows

of holes 49 is shown in the jet cooler of FIG. 3. As will,
of course, be understood, in the case of each of the end
units assocm.ted with the end passes in the housing, only
one slot 48 and holes 49 will be provided, anasemuch as
these units are operative on only one side of the strip in

the next adjacent pass. For a reason to be described
hereinafter, the opposite ends of each row of holes 49

are preferably . sPaced outwardly of the ends of the slot
48.

With reference to FIG. 3 each of the: inlet chambers.

4% is provided with an inlet opening 50, which as shown
is facing at right angles to the faces 31 of the casing 32
and away from the plenum chamber 44. For a reason
to be hereinafter described, the inlet openings S0 are
preferably of a length substantially less than that of the
orifice discharge means and are -generally centered rela-

tive to the -orifice means so as-to be generally centered

laterally of and relative to a mext adjacent strip.

As can be seen from FIGS. 3 and 4, the casing 32 is 90

39

40

45

provided with a partition or wall 51 which extends lat-

erally of the casing to provide an end wall for the inlet
and plenum chambers.

and a central opening 53 opening into the plenum cham-

ber 44. As will be apparent from FIGS. 3 to 5, a fan

. The wall $1 'islp-fbvideid with a -
pair of openings 52 opening ihto the inlet chambers 46

55

housing 54 is mounted on the end portion of the casing
32 located on the side of the wall 51 opposite the plenum

~chamber. The fan housing has an outlet connected to
the opening 53 in the wall 51. The exterior surfaces of
the fan housing in cooperation with. the wall 51 and other
surrounding portions of the casing 62 form a heat

exchange chamber with which the inlet chambers 46

are connected by the openings 52. The fan housing 1s
provided with an inlet 55 leading to the fan blades 56 of
a high pressure rise radial flow fan which is driven by an

electric motor 57 located externally of and mounted on

the casing 62. In order to provide cooling of the atmos-
phere drawn into the chamber surrounding the fan hous-

ing, there 1s prowded a water cooled heat exchanger 58

60

| employed for cooling purposes.

in the art, other suitable heat exchanger means could be
Burther, where the jet unit
is to be used for heating rather than cooling, heated water

or steam could be passed through the tubes 59, or other

suitable heating means could be employed.

In the op=em1zi0n of a tower cooling apparatus incorpo-
rating an improved jet cooling unit of the present inven-
tion, energizing of the drive motor 57 will cause atmos-

phere to be drawn in through the inlet openings 50,

through the dnlet chamber 46 and the heat exchanger
58, and then through the fan and into the plenum: cham-

ber 44 for high velocity jet dischange through the nozzle
or slot 48. As this discharge jet of atmosphere engages

a next adjacent strip, it will split into two paths d@nd flow
in opposite directions longitudinally of the strip for re-

circulation into the inlet openings 50 of the cooling unit.
- The atmosphere, as it is recirculated through the jet cooler

by the fan, will, of course, be cooled by the heat exchang-

ers 58. The spacing of the inlet openings 50 a substantial

distance from the slot 48 and in a direction paraflel to

the direction of strip movement provides a high velocity

flow of atmosphere in opposite directions longitudinally
of the strip for a substantial distance. Inasmuch as the

next -adjacent coolers in each vertical row provide a simi-
lar flow of atmosphere, there will be provided a high
velocity flow of atmosphere longitudinally :over the strip
in each pass but, of course, with the flow being divided

into a 'plurality of zones spaced vertically along eachi
) -13‘353

Moreover, in view of the fact that a pair of inlet

~or suction chambers are provided in conjunction with each
jet discharge orifice means to draw o
phere at a plurality of places along each vertical pass, and
@ suction ‘and pressurizing fan motor 16 is provided for
~each of the plenumy chambers, the quantity of air recir-

[y

the spent atmos-

culated through each of the jet discharge orifices is auto-
matically regulated. Thus, the cooling atmosphere is not

pumped from one end of the cooling tower to the other.

. -One “of the primary resistances to heat transfer from

the strip ‘to the cooled atmosphere circulated by the cool-
ing units is provided by a boundary layer of hot atmos-

phere which is carried along by the fast moving strip.

One of the advantages of a jet cooler of the type described

is that the -high velocity discharge - of cooled atmosphere

 from the orifices 48 penetrates. this boundary layer of

65

hot -atmosphere and wipes it from the strip, -thus ‘bring-

- ine ‘the cooled atmosphere into improved heat transfer

70

which, -as shown in FIG. 3, comprises. a plurality of U- -

shaped tubes 59 connected . at-their ends to headers 60
located externally of and closely adjacent the end wall of
the casing 32. The tubes are preferably jointless and are

75

relation with the smp In order to achieve this bound-

~ary layver removal it is preferred that, at or closely ad-

jacent the point where the jet splits into two paths longi-
tudinally ‘of the strip, the cooled atmosphere have a veloc-

ity in the path of strip movement at least equal to the
lineal speed of the istrip.  In this manner, the momentum

of the circulating atmosphere will, at the desired point,
be at least equal to the momentumr of the boundary:layer.
As a specific example of the improvement in heat trans-
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fer obtainable through the use of jet cooling units of
the type described, a typical pure radiation cooling in-
stallation for cooling strip from 900° F. to 225° F. ought
require an installation approximately 1500 feet long and
involving thirty passes of strip. In such an instailation,
the first eighteen passes might be used to reduce the
strip temperature from 900° F. to 460° F., the re-
maining twelve passes reducing the strip temperature
from 460° F. to 225° F. Also, the final ¢welve passes
of radiation cooling might be replaced with four passes
of a jet cooling arrangement of the type described. It
might be noted that two additional passes of jet cooling

would suffice to reduce the strip temperature from 225°

F. to 150° F. 1t will, of course, be recognized that it
is much more difficult to extract heat from the strip in
the lower temperature ranges than in the higher ranges.
For example, if 1t were desired to replace the initial
eighteen passes of radiation cooling with the faster jet
cooling apparatus, only two passes of jet cooling would
be required in order fto achieve the same reducfion in
strip temperature. A specific arrangement of jet cooling
units for the four passes menticned above comprised five
vertical rows of jet units with each row consisting of
seven jet units. The slots 48 in each row of units were
spaced apart approximately 7 feet, with each slot being
approximately 36 inches long and 0.8 inch wide. The
jet discharge velocity at the orifice was selected to be
on the order of approximately 10,000 feet per minute
for a lineal strip speed of approximately 1500 feet per
minute, Heat transfer coefficients on the order of 17
to 19 were obtained, as compared with heat transfer co-
efficients on the order of 3 to 5 obtainable from a conven-
tional pure radiation type cooling arrangement.

- From the above it can be seen that jet cocling units
provide a marked reduction in the number of passes re-
quired to reduce the strip temperature over a given range,
thus obviously resulting in a marked improvement in the
space requirement for the apparatus. In this connection,
a reduction in the length of the cooling apparatus on
the order 75 percent would not be unusual. The re-
duction in length of the apparatus, of course, results in
a corresponding reduction in the number of rows and
associated structure. However, the high speed jet dis-
charge of atmosphere against a fast moving strip sup-
ported at widely spaced points passing closely adjacent
the relatively large surface area of the jet cooling units
results in a tendency for the strip to flutter or, in other
words, move rapidly back and forth between next ad-
jacent cooling units of next adjacent passes. This flutter
may cause engagement of the strip with the cooling units
so as to cause surface damage to the strip, and, of course,
violent strip movement of this type may tend to result
in structural damage to the strip. Therefore, in accord-
ance with this invention the jet cooling units in each
vertical row thereof are staggered vertically relative to
the units in the next adjacent vertical row so as to ver-
tically offset the geometric center of the hydraulic area
of the jet discharge orifices acting on opposite sides of the
strip. While this staggering of the cooling units results
in a substantial reduction in, if not elimination of, strip
flutter, it has been found that if the oppositely facing inlet
openings of the next adjacent cooling umits in each row
are too closely spaced, there may be provided an area
of relatively low static pressure between the mext ad-
jacent cooling units in each row. The staggering of the
cooling units will thus result in a high pressure discharge
jet being located opposite the relatively low pressure zone
on the other side of the strip. This pressure unbalance
may tend to cause the strip to be drawn toward the inlet
zone between the cooling units. Accordingly, it is de-
sirable to space the jet discharge units 32 a substantial
distance vertically of each other. Referring to FIGS.
1 and 2, each jet discharge unit in each vertical row of
units is shown as being positioned so as to be located

10
15
20
25
30

30

40
45
&
55
60

65

70

&

vertically between the next adjacent pair of jet discharge
units 32 acting on the opposite side of the strip as it
passes along the strip path therebetween. As shown, the
inlets 5O of each jet discharge unit is substantially aligned
in the direction of strip movement with the inlet 50
of the jet discharge units on the opposite side of the
strip path. Thus, as shown, jet discharge orifice means
acting on opposite sides of the strip are staggered and are
centered opposite the space between the inlets 5§ of the
next adjacent pair of jet discharge units on the opposite
side of the same strip path. |

The location of the heat exchange means in the man-
ner and position shown in FIG. 3 permits the cooling
units to be reduced in height or in other words in the
dimension corresponding to the direction of strip move-
ment past the unit. In this manner a greater spacing of
the inlet openings 50 may be obtained without requiring
any ncrease in the spacing of the jet discharge slots 48.
Another advantage of the location and configuration of
the heat exchanger shown in FIG. 3 is that it is located
entirely outside the tower housing and remote from the
strip being treated by the jet unit. In this manner, if

for any reason the movement of hot strip is halted there

will be no direct radiation heat transfer between the strip
and the heat exchanger such as occurs in pure radiation
type coolers or in coolers of the type shown in the afore-
mentioned Cooper et al. patent. Additionally, the remote
location of the heat exchanger relative to the strip re-
duces any convection heat transfer to a minimum. Ac-
cordingly, in the event strip movement is halted there
will be no rapid cooling of the strip and atmosphere,
which rapid cooling may cause a sharp and rapid reduc-
tion in pressure within the tower housing. Such a rapid
reduction in the pressure of the atmosphere or, as it is
commonly referred to, atmosphere collapse, can cause
severe buckling and damage to the housing of the cooling
apparatus. Further, the provision of the single horseshoe
shaped heat exchanger fitting around the inlet opening
of the blower fan rather than the provision of separate
heat exchangers in the inlet chamber 46 provides an obvi-
ous reduction in parts and thus contributes to ease and
economy of manufacture. The fact that there are no
joints in the portion of the heat exchanger located in-
side the jet cooler housing precludes the possibility of any
water Ieakage occurring within the jet cooling unit, which
leakage might affect the dew point within the cooling
tower.,

'The reduction in height of the cooling unit, attendant
to the lIocation of the heat exchanger outside of the inlet
chambers 46, also reduces the tendency for a Bernoulli
effect to be created between the strip and the closely
adjacent faces of the cooling units. As will be observed,
with a strip moving at approximately 1500 feet per min-
ute and spaced only approximately 4 inches from the
faces of the cooling units, and with a high velocity flow
of atmosphere being passed between and paralle}l to the
strip and next adjacent face of the casing, there is an ideal
situation for a Bernoulli effect to result. The reduction in
height of the cooling unit will reduce the tendency for the
creation of the Bernoulli effect by reducing the span of the
casing over which the strip travels. Also, in accordance

- with one aspect of the invention, the inlet openings 50 are

dimensioned to have a length of no greater than approxi-
mately 65 percent of the length of the jet orifice means,
and the openings are generally centered relative to the
plenum chamber portion of the unit and thus the strip
path so that the mass of atmosphere flow entering the
cooling unit will be generally centered relative to the
lateral centerline of the orifice means and thus the mid-
section of the strip. This materially reduces, if not sub-
stantially eliminates, any tendency of the strip to twist
about its longitudinal axis, such as might occur were the
openings relatively long, for example, of a length corre-
sponding to the width of the strip. This tendency of the
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strip to twist is caused by the tendency of the atmosphere
entering the inlet openings of the unit to crowd toward the

fan end of the plenum chamber or in other words toward

the end of each inlet opening next adjacent the fan.
This results in a low pressure area 2long the corresponding
edge of the strip which tends to cause this edge of the

strip to move toward the face of the cooling unit housing.

The same situation exists with respect to the next adjacent
cooling unit in the same vertical row of units. In the
case of the next adjacent unit, however, the fan is next

adjacent the other edge of the strip with the result that
this edge of the strip tends to be moved in the opposite

direction, with a resulting twisting of the strip about its
longitudinal axis.
openings to substantially less than strip width and the
general centering of the openings relative to the strip path
materially reduces the distortion of atmosphere flow at
the inlet openings and materially reduces tendency of the
strip to be twisted. While it will be apparent that reduc-
tion of strip tmstmg might further be improved by offset-
ting the inlet openings toward the end of the cooling unit
remote from the fan, it has been found that generally satis-
factory results are obtained by centering the inlet openings
relative to the lateral centerline of the orifice means which
extends Iaterally of the plenum chamber and is adapted
to extend parallel to the centerlin of a next adjacent strip
path.

As noted above, the passage of hlgh velomty atmos-
phere between the fast moving strip and next adjacent
- faces of the jet cooling unit housings tends to create a

The reduction in length of the inlet
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monly be processed with the apparatus so as to assure
uniform cooling across the width of the strip. However,
as wiil be apparent from FIG. 8, it is preferred that the
inner horizontal rows of orifices be of progressively
lesser length so that there will be fewer jets impinging
on the edge of the strip than upon the center thereof.

 This pattern of the orifices is desired inasmuch as the

edge of the strip tends to cool faster than the center and
thus the reduction in number of coling jets at the edge

10

of the strlp results in a more uniform cooling across

the strip.

It should be noted that the orifices 76 in the face of the |

'__plenum chamber are truly orifices, and the provision of

 these openings in the plenum chamber does not merely
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Bernoulli effect which may cause the strip to ride against

the faces of the jet units. While the reduction in height
of the units, due to the remote location of the heat ex-
changer, reduces the Bernoulli effect, it is desired to fur-
ther reduce and, ideally, to eliminate this problem. Thus,
in accordance with this invention, I provide the small di-
ameter holes 49 which are arranged in a pair of rows ex-
tending parallel to and spaced on opopsite sides from the
jet discharge slot 48. These anti-Bernoulli holes provide
an atmosphere discharge flow toward the adjacent face
of the strip which tends to reduce the velocity, in the di-
rection of the path of the strip, of the atmosphere dis-
charged from the nozzle 48 and further provides a sub-
stantial amount of turbulence in the area where the dis-

charge from the holes 49 meets the discharge from the

nozzle 48. In this manner, the Bernoulli efiect tends to
be cancelled out, and the increase in turbulence provides
improved heat transfer between the total discharge of the
jet cooling unit and the atmosphere within the tower.
While it is preferred that the anti-Bernoulli orifices

- fices extend. By the immediate area is

~overall geometric pattern of the orifices.

jets of atmosphere issuing from the orifices 7§.
connection, it is preferred that the jet velocity be ap-
proximately ten times the velocity of the atmosphere in

result in a screen or mesh-like configuration. In this
connection, it is preferred that the total area of the ori-

fices 70 be no greater than 10 percent the immediate area

of the face of the cooling unit through which the ori-
1eant that area
of the face of the cooling unit which is defined by the
1t should fur-
ther be noted that the smallest percentage of openings
in any screen or similar item commonly available is about
15 percent of of the immediate area covered by the

openings in the screen.

in a jet cooling unit of the type shown in FIG. 8 the

- velocity of atmosphere through the plenum chamber of

the unit will be substantially less than the velocity of ihe
In this

the plenum chamber. Correspondingly, it is preferred
that the total area of the orifices 7¢ on each side of the

- cooling unit be approximately one-tenth the cross sectional

30
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-area of the plenum chamber.

- The cross sectional area
of the plenum chamber is that indicated by the cross
sectional arrows of FIG. 7 or, in other words, the area
of the plenum chamber lying in a plane extending Iongi-
tudinally of the direction of strip movement and also at

right angles to the path of strip movement past the

coohng unit.
‘1t has been found that the provxswn in a jet coolmg

~unit of the type described of orifice discharge means

45
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49 be provided, it will be apparent that the remaining

aforedescribed novel construction and advantages of the

present invention may be provided in a jet cooling unit

~ withont the provision of the orifices 48. Such a modified
cooling unit is shown in FIGS. 6 and 7, wherein like
reference numerals refer to like parts described above m
connection with the embodiment of FIGS. 3 and 5.
Another alternative and the preferred embodiment of
this invention is shown in FIG. 8. The jet cooling unit of
FIG. 8 comprises a structure which is identical with that
of the embodiment of FIGS. 3 to 5, with the exception
of the orifice discharge means. In the embodiment

of FIG. 8, the orifice discharge means provided consists

of a plurality of small diameter openings or orifices 7¢ ar-

ranged in a plurality of rows each extending longitudi-

nally of the plenum chamber or, in other words, at right
angles to the direction of movement of the strip, and
with the rows being spaced apart in the direction of strip
movement. The orifices are preferably arranged in a

generally rectangular pattern: having a centerline extend-

ing generally laterally of the face of the plenum chamber
and adapted to extend longitudinally of a next adjacent

29
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strip path. The orifice pattern has a length preferably -

at least equal to the width of strip which will most com-

75 ]

perience any violent whipping or adverse flutter.

of the type shown in FIG. 8 prowdes improved strip
behavior in that the Bernoulli effect is minimized and

further the strip, even at high lineal speeds, will not ex-

In
utilizing jet cooling units having the construction of the

embodiment of FIG. 8, heat transfer coefficients on the
order of 18 B.t.u. per hour per square foot per degree

Fahrenheit have been obtained utilizing a flow of 1750

s.c.fm. of atmosphere having the density and thermal

properties of air and at a velocity of approximately 8,000
feet per minute. It is believed that the improved per-
formance obtained from this preferred embodiment of

the mvention results from the provision of a multiplicity

of jets which maintain a high coefiicient of heat transfer
over a wider arca of the strip than is possible with a
single slot-type jet discharge. Further, it is believed that

‘the multiplicity of small jets distributed laterally and

longitudinally of the strip enhances stabilization of the
strip as it passes by the cooler. In this connection, it
is believed that the multiplicity of jets arranged in the

" relatively large pattern as shown in FIG. 8 provide a

more umiform and larger area of support for the strip

than in the case of a single flat orifice discharge cooling
unit,

Further, it is believed that the multiplicity of jets
arranged in the relatively large pattern of FIG. 8 tend
to provide a self-correcting feature for stabilizing strip
movement and reducing flutter and/or twisting of the

- strip. The multiplicirty of jets each being of compara-
| twely small size resulis in the velocity and volume of

air passing through each individual jet being relatively
constant regardless of the distance of the strip from the

jet cooler, within a reasonable range. Inasmuch as the
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force of each jet on the strip acting to move the strip
away from the jet cooler will diminish substantially as
the distance between the strip and jet cooler increases,
it can be seen that with a constant velocity and volume
of atmosphere passing through each orifice opening any
movement of any portion of the strip away from the jet
cooling unit will result i a lesser force being exerted
on the strip by the jets impinging on that portion of the
strip, and the strip will tend to be moved back to its
original position by the jels impinging on opposite por-

tions of the strip. Thus, the multiplicity of small diam-
eter jets provides an automatic self-correction of strip |

position with respect to any variation in distance of the
strip from the cooler such as might occur during twist-
ing of the strip or during a transient flutter condition.
Inasmuch as the velocity of the atmosphere issuing
from each orifice 70 diminishes as the distance increases
rom the orifice to the next adjacent strip, it is preferred

that the ratio of the distance between the orifice and next

adjacent strip to the diameter of each orifice not exceed
ten to one. At this ratio of strip spacing to orifice di-
ameter, the velocity of the jet as it impinges on the strip
will be approximately 65 percent of the maximum velocity
of the iet. Any further increase in this ratio without a
substantial increase in fan horsepower results in a mate-
rial decrease in performance of the cooling units, inas-
much as the velocity of the jets as they impinge on the
strip will not be sufiiciently effective in tending to remove
the barrier layer of hot gases carried along with the strip.
Therefore, the scrubbing or removing of this barrier layer
will be greatly minimized. Where a plurality of jet cool-
ing units as shown m FIG. 8 are arranced in the manner
shown in FIGS. 1 and 2, the ratio of strip spacing to
orifice diameter is related to the ratio between the spacing

of next adjacent vertical rows of jet cooling units to the

diameter of each of the orifices in the cooling units. As
expressed in this manner, the ratio should not exceed
approximately twenty to one. ~

A specific example of a preferred embodiment of a
cooling unit of the type shown in FIG. 1 comprised a 5
horsepower electric motor driving a radial fan providing
a jet discharge velocity of approximately 8,000 feet per
minute. |
mately 64 inches long by 59%% inches wide and 14 inches
thick. Thus, each face of the plenum chamber was ap-
proximately 64 inches by 5074 inches. Eighty-two orifices
of ¥s-inch diameter each were provided on the face of the
plenum chamber. These orifices nwere arranged in six
rows in a pattern as shown in FI{. 8, with sixteen orifices
in the outer two rows, thirteen orifices in the next ad-
jacent two inner rows, and twelve corifices in the two inner-
most horizontal rows. The orifices in each row were
spaced apart 2% inches on center. The rows of orifices
were spaced apart a distance of 4 inches on center with
the exception of the two innermost rows which were
spaced apart a distance of 6 inches cn center. The im-
mediate area of the orifices 7¢ was an area approximately
37%% inches long by 24 inches wide, and the total area of
the orifices 76 was approximately 3 percent of this immedi-
ate area. 'The cooling unit was primarily intended for use
with strip approximately 30 inches wide. In this conneac-
tion, the inlet openings of the cooling unit were centered
relative to the orifice pattern and were approximately 18
mches long. A plurality of such units were mounted in
- the manner shown in FIGS. 1 and 2 utilizing a horizontal
spacing between next adjacent vertical rows of units of
approximately thirteen times the diameter of the crifices.
In other words, the ratio of the spacing of the strip and
cooling units to the diameter of the orifices was approxi-

mately 6.5. With such a ratio, the velocity of the iets im-

pinging on the strip was approximately 90 to 95 percent of
the maximum velocity of the jet, thus maintaining ontimum
tendency for the penetration of the boundary laver of
hot air carried by the strip. |

The plenum chamber of the unit was approxi-
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‘a dimension longitudinally of
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While the invention has been described in terms of the
specific embodiments shown, it will, of course, be under-
stood that various meodifications and alterations might be
mace in the structures snown without departing from the
scepe ¢f the invention. Particulaily, it is again emphasized
that the units may be utilized for heating as well as cooling
and that in all cases in the foregoing description and ap-
pended claims where the apparatus is described in terms of

cocling it is to be understood that it is intended also to

include heating., Accordingly, the foregoing description
and accompanying drawings are to be taken only in an

1tlustrative sense and not as limiting the invention.

It is also to be understood that the language in the
following claims is intended to cover all of the generic
and specilic features of the invention herein described and
all statements of the scope of the invention which, as a
matter of language, might be said to fall therebetween.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A jet cooling unit of the type described comprising a
housing adapted to be removably supported alongside a
path of movement of strip material, a motor driven high
pressure rise ian supported on said housing and having an
inlet and an outlet, the housing being provided with a
pienum chamber connected in flow communication with
the fan outlet, said plenum chamber having a generally
flat face adapted to be disposed substantially parallel to
the path of strip movement, orifice means for the high
velocity discharge of atmosphere from the plenum cham-
ber substantially at right angles toward a next adjacent
strip path, said orifice means including an elongated
narrow slot extending lateraily of the strip path and a
piurality of orifices disposed on opposite sides of the slot
with the orifices on each side of the slot being arranged
substantially in a row extending parallel to the slot, the
housing further being provided with enclosed suction
chambers spaced apart on opposite sides of the orifice
means and longitudinally thereof in the direction of strip
movement past the unit, said suction chambers being con-
nected m flow communication with the fan inlet to pull
spent atmosphere from the surface of the strip for recir-
culation, and heat exchanger means disposed within the
housing and in the path of movement of atmosphere
through the housing.

2. A jet cooling unit of the type described comprising
an elongated housing adapted to be supported alongside a
path of movement of strip material, a motor driven high
pressure rise fan supported on one end of the housing and
having an inlet and an outlet, a plenum chamber at the
other end of said housing in flow communication with the
fan outlet, said plenum chamber having a generally flat
face adapted to be disposed substantially parallel to the
path of strip movement, said flat face providing orifice
means for the discharge of high velocity atmosphere there-
frqm substantially at right angles toward a next adjacent
strlp,_ said orifice means extending longitudinally of the
lmusmg,_a pair of inlet chambers spaced apart laterally of
the- housing and longitudinally with respect to the path of
strip movement and on opposite sides of the plenum
-(_:hamber in flow communication with the fan inlet, each
inlet chamber being provided with an inlet opening gen-
erally centered relative to said orifice means and having
said housing substantially
less than that of said orifice means, and heat exchanger
means disposed within the housing remote from said inlet
opemings and in the path of atmosphere circulated through
the housing by the fan.

3. A jet cooling unit of the type described comprising
a housing adapted to be supported alongside a path of
movement of strip material, a motor driven high pressure
rise fan supported on said housing and having an inlet
and an outlet, the housing being provided with g plenum
chamber connected in flow communication with the fan
outlet, the plenum chamber having a face adapted to be
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disposed parallel to a next adjacent str1p path, the face
of the plenum chamber being provided with orifice means
for -the discharge of atmosphere therefrom, said orifice
‘means consisting of a plurality of small diameter orifices
spaced apart laterally and longitudinally of a centerline
lying in the general plane of said face and adapted to ex-
tend parallel to the centerline of a next adjacent strip

14

each cooling unit béing provided with atmGSphere inlet

openings spaced apart on opposite sides of said orifice

~ means and longitudinally of said strip path, each of said

- path, said housing further having a pair of inlet cham- =

bers spaced apart on opposite smles of said plenum cha

1—

ber in the direction of said centerline of the orifice means,'

each inlet chamber having an inlet opening facing in the
direction of said: centerline of said orifice means and
having a length no greater than approximately 65% of
the length of said orifice means as measured at right

angles to the centerline of the orifice means, each inlet
‘opening being generally centered relative to said center-
line of said orifice means, and heat exchanger means dis-

- posed within the housing remote from said inlet openings
and in the path of at
housing..

4. In apparatus of the type described, a housmg hawng
‘means for passing strip therethrough in a predetermined
path, and means for cooling the strip comprising a plu-
rality of ]at cooling units supported on the housing and
arranged 1n at least a pair of rows extending parallel
to and on opposite sides of at least a portion of said strip

path, each cooling unit in each row of said pair of rows -
thereof including a plenum chamber provided with ori-

fice means for the discharge of atmosphere therefrom and
toward the other row of cooling units of said pair there-
of, the orifice means in one row of said pair of rows
being offset relative to-the orifice means in the other row

_of said pair in the direction of the strip path between said

pair of rows, said orifice means consisting of a plurality
of small orlﬁces spaced apart laterally of and longitu-
dinally of the strip path between said pair of rows of
units, said orifices being arranged in a pattem extending
laterally of the strip path between said pair of rows, each
| coalmg unit being -provided with atmosphere inlet open-
ings spaced apart on opposite sides of said orifice means
and longitudinally of said strip path, each of said inlet
openings being generally centered relative to the center-
line of said pattem which extends parallel to the strip path
between said pair of rows and being of a length substan-

tially less than that of said pattern, each cooling unit

including a motor driven I:ugh pressure rise fan for circu-
lating atmosphere from said inlet means to said plenum
. chamber, each cooling unit further mcludmg heat ex-
changer means in the unit and disposed in the path of
atmosphere from said inlet means to said plenum cham—
ber

5. In apparatus of the type described, a housmg hav—
‘ing means for passing strip therethmugh in a predetar—
mined path, and means for cooling the strip comprising

a plurality of ]et cooling units supported on the housing

and arranged in at least a pair of rows extending par-
allel to and on opposite sides of at least a portion of said
strip path, each cooling unit in each row of said pair of

10

infet openings being generally centered relative to the

. centerline of said pattern which extends parallel to the
strip path between said pair of rows and being of a length

substantially less than that of said pattern, each cooling
unit including a motor driven high pressure rise fan for

~circulating atmosphere from said inlet means to said

plenum chamber, each cooling unit further i-ncluding
heat-exchanger means in the unit and disposed in the

- path of atmosphere fmm said inlet means to said plenum

15

chamber.
6. In apparatus for heating or cooling strip metal, a
substantially airtight housing having means at widely

- spaced points for supporting strip metal passing there-

osphere circulated -thmuﬂh the

20

through, a plurality of jet discharge units positioned on

said housing and arranged between the strip supporting

means-in at least-a pair of vertical rows extending parallel
to and spaced apart on opposite sides of the strip path,
each of said jet discharge units being provided with a

- plenum chamber having orifice means for discharging

25
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high velocity jets of conditioned atmosphere substantial-
ly at right angles toward the general plane of the strip
path, each of said jet discharge units further having a
pair of suction chambers disposed on both sides of the
orifice means in a direction longitudinally thereof with
respect to the strip path, the orifice means of the jet dis-
charge units positioned on opposite sides of the strip path
being relatively offset so that the strip is alternately sub-

jected to high velocity jets of conditioned atmosphere

on one side and then the other as it passes along the strip
path, each orifice means on one side of the strip path

- being displaced longitudinally along the strip path at least

35
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_onﬁce

as far from the next adjacent orifice means d:lschargmg

atmasphere on the opposite side of the strip as is the inlet

opening for the suction chamber of said next adjacent
1eans. |

7. In apparatus for heatmg or coolmg strip metal, a

substantially "airtight Imusmg having means for passing

- strip metal therethrough in a plurality of vertically ex-

tending loops to prcmde a multi-pass path for the StI'Ip
through the hausmg, supportmg rolls adapted to be posi-

~ tioned in the loops to support the strip and to guide it

45

along the strip path, a plurality of jet discharge units

-mounted on said housmg and arranged between the strip

supporting rolls in at least a pair of rows extending paral-
lel to and spaced apart on opposite sides of the strip

- 'path each of -said jet discharge units being provided with

50

09

a plenum chamber having orifice means for discharging
high velocity jets of conditioned atmosphere substantially
at right angles toward the general plane of the strip path
each of said jet discharge units further having a pair of
suction chambers disposed on both sides of the orifice
means in a direction longitudinally thereof with respect

 to the strip path, the orifice means of the jet discharge

rows thereof including a plenum chamber provided with a

face extending parallel to the strip path between said pair
of rows, said face being provided with orifice means
for the dlscharge of atrnosphere from the plenum cham-

ber, the orifice means in one row of said pair of rows

being offset relative to the orifice means in the other row
of said pair in the direction of the strip path between said

pair of rows, said orifice means consisting of a plurality

60 -

units positioned on opposite sides of the strip path being
relatively offset so that the strip is alternately subjected
to high velocity jets of conditioned atmosphere on one
side and then the other as it passes along the strip path,
each orifice means on one side of the strip path being
displaced longitudinally along the strip path at least as

far from the next adjacent orifice means: dlschargmg at-

mosphere on the opposite side of the strip as is the inlet

65

of small orifices spaced apart laterally of and longitu- -

dinally of the strip path between said pair of rows of
units, said orifices being arranged in a pattern extending
laterally of the strip path between said pair of rows, the
faces of the plenum chambers in each row of units in

sald pair of rows being spaced from the faces of the

opening for the suctmn chamber of said next adjacent

 orifice means.

8. In apparatus for heating or cooling strip metal, a
substantially airtight houamg having means for passing

- strip metal therethrough in a plurality of vertically ex-

70

plenum chambers of the other row in said pair as meas-

ured at right angles to said strip path a distance no great-

er than twenty times the diameter of one of said orifices,

75

tending loops to provide a multi-pass path for the strlp

| through the housing, supporting rolls adapted to be posi-

tioned in the loops to support the strip and to guide it

“along the strip path, a plurality of jet discharge units

mounted on said housing and arranged between the strip
supporting rolls i Inat least a pair of rows extending paral-



3,102,009

15

lel to and spaced apart on opposite sides of the strip path,
each of said jet discharge units being provided with a
plenum chamber having orifice means formed by a plu-
rality of small diameter openings for discharging high

velocity jets of conditioned atmosphere substantially at

right angles toward the general plane of the strip path,
each of said jet discharge units further having a pair of
suction chambers disposed on both sides of the orifice
means in a direction longitudinally thereof with respect
to the strip path, the orifice means of the jet discharge
units positioned on opposite sides of the strip path being
relatively offset so that the strip is alternately subjected
to high velocity jets of conditioned atmosphere on one
side and then the other as it passes along the strip path,
the geometric center of the hydraulic area of the orifice

10
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means on one side of the strip path being displaced longi- |

tudinally along the strip path at least as far from the
geometric center of the hydraulic area of the next adja-
cent orifice means discharging atmosphere on the opposite
side of the strip as is the inlet opening for the suction
chamber of said next adjacent orifice means.

9. In apparatus for heating or cooling strip metal, a
substantially airtight housing having means for passing
strip metal therethrough in a plurality of vertically ex-
tending loops to provide a multi-pass path for the strip
through the housing, supporting rolls adapted to be posi-
tioned in the loops to support the strip and to guide it
along the strip path, a plurality of jet discharge units
mounted on said housing and arranged between the strip
supporting rolis in at least a pair of rows extending paral-
lel to and spaced apart on opposite sides of the strip path,
each of said jet discharge units being provided with a
plenum chamber having orifice means formed by a plu-
rality of small diameter openings for discharging high
velocity jets of conditioned atmosphere substantially at
right angles toward the general plane of the strip path,
each of said jet discharge units further having a pair of
suction chambers disposed on both sides of the orifice
means in a direction longitudinally thereof with respect
to the strip path, each of said jet discharge units further
being provided with a fan having its outlet connected with
the plenum chamber thereof and its inlet connected with
the suction chambers thereof to pull the spent atmosphere
from the surface of the strip material, the orifice means
of the jet discharge units positioned on opposite sides of
the strip path being relatively offset so that the strip is
alternately subjected to high velocity jets of conditioned
atmosphere on one side and then the other as it passes
along the strip path, the geometric center of the hydraulic
area of the orifice means on one side of the strip path being
displaced longitudinally along the strip path at least as
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far from the geometric center of the hydraulic area of
the next adjacent orifice means discharging atmosphere
on the opposite side of the strip as 1s the inlet opening for
the suction chamber of said next adjacent orifice means.

10. A continuous process strip annealing furnace hav-
ing means for heating or cooling strip metal passing there-
through comprising a furnace housing having means for
supporting moving strip metal therein, a plurality of
plenum chambers in said furnace housing positioned
adjacent and on opposite sides of the plane of said strip,
sald plenum chambers being spaced apart from each other
along the path of strip movement, orifice means in said
plenum chambers for discharging a gaseous medium
against the surfaces of said strip at high velocity, inlet
means positioned between said plenum chambers along the
path of strip movement and aligned to establish gaseous

medivm flow paths from said orifice means to said inlet

means in directions substantially parallel to the path of

‘strip movement, said inlet means forming low pressure

suction zones in between and alternately spaced with said
orifice means along the path of strip movement, said
orifice means on one side of the strip being displaced

along the path of strip movement from the orifice means

on the opposite side of the strip such that the orifice means
on one side are substantially aligned with the low pressure
suction zones on the opposite sides, fan means connected
to said plenum chambers for pressurizing the gaseous
medium within said plenum chambers, means connecting
said inlet means back to said fan means to establish re-
crrculating flow paths for said gaseous medium impinging
against the strip, and heat exchanger means connected in
series fiow relationship with said fan means and said
recirculating flow paths to provide for recirculation of
sald gaseous medmm through said heat exchanger means.
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