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Achieving ±1°F Uniformity in 
Solution Heat Treatment System 
with Jet Impingement Technology 
at Co-Line Welding, Inc. 

A Case Study

SECO/WARWICK was awarded 
a patent in May 2006 for a 
new mass flow – jet-heating 
furnace for aluminium 
solution heat treatment. 

Since the jet-impingement furnace 
design was developed and the pro-
duction prototype built and tested, 
SECO/WARWICK has provided this 
system to Co-Line Welding in Sully, 
Iowa, USA. Co-Line Welding, Inc. 
opened a small welding shop in 1979 
with two employees for local farm 
and commercial repairs.  Almost 30 
years later with over 120 employees 
it offers tool and die services, metal 
stamping, metal fabrication, CNC 
machining, production and robo-
tic welding, painting, jig and fix-
ture building, farm and commercial 
repair, portable welding, and 3-D 
laser cutting. As of early 2006, Co-
Line added heat treating to their 
already long list of capabilities.

After the initial furnace arrange-
ment and sizing tasks were complete, 
SECO/WARWICK was contracted 
for the design, manufacturing and 
start-up of an electrically heated, 
semi-continuous, roller-hearth solu-
tion heat treatment furnace and 
water quench, plus a separate batch-
age oven.

The work regularly processed in 
this furnace is a two-part alumini-
um stamping. The stamping is a thin-
gauge 6001 alloy, and the parts are 
welded prior to heat treatment. The 
final product is confidential, which 
restricts us from including sensitive 
details regarding the use. However, we 
can say that the heat-treatment process 

must consistently conform to AMS 
specification 2770, as would be the 
case for many aerospace applications.

Jet Impingement Air Flow Tech-
nology

Because of concerns regarding the 
critical nature of the work, parti-
cularly in the area of heating rate 
and temperature uniformity, our 
newly patented jet-impingement air-
flow design was supplied. The time 
required to reach solutionizing tem-
perature has an obvious impact on 
the cycle time. A fast heating rate 
means that the hold or soak period 
can begin sooner, which will reduce 
the total cycle time. Prior to the start 
of the soak period, the entire load 
must reach a minimum temperature. 

Because of the gauge thickness of the 
alloy Co-Line is processing, the hea-
ting-rate uniformity is addressed in 

the jet-impingement design to assure 
the entire load is exposed to the 
same thermal conditions. Following 
heat up, the hold or soak period 
required by the AMS specifications 
followed. The temperature uniformi-
ty of the aluminium remained within 
the range of ±1°F of the temperature 
set point throughout the duration of 
the soak period. By far this has been 
the most uniform temperature ever 
achieved in a high-volume produc-
tion application. After solution heat 
treatment, the work is placed into a 
multi-load batch-type age oven to 
complete the cycle and the hardening 
process.

Solution Heat Treatment & Ageing System
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Hands-off Sequence of 
Operation

Another advantage seen by Co-Line 
is the essentially hands-off sequence 
of the operation. Baskets are placed 
at the charge side of the furnace by 
a fork truck and not handled again 
until they are removed from the 
exit-end discharge table. The furnace 
will load, heat treat, quench and 
discharge continually without ope-
rator assistance. Multiple baskets can 
be positioned at the charge end.

The front door opens and each 
load is driven into the furnace by 
motor-driven alloy rolls. After the 
heat and soak cycle is complete, 
the rear door opens and the load is 
driven out of the furnace onto the 
quench elevator and quickly lowered 
into the water for cooling. After coo-
ling, the elevator raises the load back 
up for draining and discharges onto 
the exit-end conveyor. The operator 
removes the load and places it into 
the multi-load batch-style age oven 
where the age process completes the 
cycle.

Control System

Temperatures are maintained 
within the furnace by strategically 
located thermocouples reading air-
stream temperatures of the impin-
gement air prior to entering the load 
space. Reading the air temperatures 
inches away from the work as it is 
directed into the work chamber per-
mits the maximum allowable wind 
temperatures to be used. Equal dis-
tribution of the air in both tempe-
rature and pressure assures Co-Line 
that all portions of the load will be 
evenly heated. After heat treatment, 
the fast transfer of work out of the 
furnace and into the floor-mounted 
quench tank completes the furnace 
cycle. Work temperatures and times 
are recorded for archiving the pro-
cess data.

As tested and surveyed at Co-Line, 
the jet-impingement furnace design 
shows an unequalled combination 
of airflow uniformity, heat-transfer 
rates and load uniformity. The sys-
tem expands Co-Line‘s manufactu-
ring capabilities and supports their 

SECO/WARWICK Corporation 
embarked on a development 
program to solve the problem 
of Uniformity of Heating Rate in 
a Conventional Mass Flow – Jet 
Heating Furnace for the Solu-
tion Heat Treatment of Alumini-
um Castings, and was awarded 
a patent in February 2006 for 
the resulting design.

Introduction

Two characteristics of heat pro-
cessing furnaces that are of great 
importance are heating rate and tem-
perature uniformity and the furnace 

user and the furnace manufacturer 
strive to continuously improve these 
characteristics. The reasons are obvi-
ous. Improved heating rate reduces 
cycle time; improved temperature 
uniformity improves product quality 
and product yield rate. And current-

ly, there is the desire to replace batch 
processes with in-line processes, 
if these two characteristics can be 
improved dramatically. This desire 
is also obvious.  An in-line process 
would reduce product inventory and 
in many cases, the heating and hand-
ling of product fixtures or baskets. 
One such case would be short cycle 
solution heat treatment of alumini-
um castings. 

Short cycle heat treatment of alu-
minium castings has been shown 
to be possible in laboratory envi-
ronments. But the industry awaits a 
production furnace that looks like 
and operates like a conventional 

Jet Impingement Furnace 
for the Solution Heat Treatment 
of Aluminium Castings

By J. Mahoney and 

P. Shefsiek,

SECO/WARWICK Corp., 

USA
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goal of serving customers with a 
one-stop shop to meet their metal-
working needs. 

SECO/WARWICK Worldwide 
manufactures industrial heat pro-
cessing equipment including heat 
treatment furnaces, vacuum furnace 
technology, atmosphere generators 
and aluminum reverb melting and 
holding systems.  With over 600 
employees the company provides 
heat treatment equipment and ser-
vices worldwide and is an industry 
leader in industrial heat processing 
equipment and processes. More 
information can be found at www.
secowarwick.com

Editor’s note: Worthwhile to men-
tion that on 23 March the com-
pany announced that Temp-Rite 
Steel Treating is adding equipment 
in their Michigan facility with the 
purchase of a SECO/WARWICK Jet 
Heated Solution Heat Treat Fur-
nace to process aluminium engine 
blocks.
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mass flow convection furnace, but 
has the heating rate, heating rate 
uniformity and temperature unifor-
mity that makes short cycle solution 
heat treatment possible. Temperature 
uniformity in mass flow furnaces 
has been addressed. Development 
in fan design and implementation 
of Jet Impingement heat transfer has 
improved heating rate. But, unifor-
mity of heating rate, which is essenti-
al to the Time-Temperature require-
ments of solution heat treatment, 
has not been fully solved. To that 
end, SECO/WARWICK Corporation 
embarked on a development pro-
gram to solve the problem of Unifor-
mity of Heating Rate in a Conventio-
nal Mass Flow – Jet Heating Furnace 
for the Solution Heat Treatment of 
Aluminium Castings.

Conceptual Design

The conceptual design of this new 
Mass Flow – Jet Impingement Fur-
nace is shown in Figure 1. Generi-
cally, it looks like a conventional up 
flow, convection type, roller hearth 
furnace. The recirculating fan is in 
the roof of the furnace, the air flow 
exits the fan and is turned down-
ward, heat is introduced, the air flow 
is then turned upward through the 
rolls and then it is returned to the 
inlet of the fan. But, in this fur-
nace design, what happens to the air 
between the fan outlet and the fan 
inlet is significantly different than 

what the air experiences in a conven-
tional mass flow furnace.  

When the air exits the fan it enters 
the Expansion Chamber E, where 
in the absence of any turning vanes, 
the dynamic pressure of the air is 
immediately converted to static pres-
sure when the air impinges upon the 
vertical wall of the chamber. Also, 
when the air strikes the vertical wall, 
there is equal probability that the 
air will be directed longitudinally 
(into and out of the paper) as well as 
downwardly. Thus, uniform distri-
bution of the airflow is initiated. The 
air flow progresses downwardly and, 
again without any turning vanes, the 
air enters the Distribution Cham-
ber where the longitudinal distribu-
tion of the air is completed before 
it enters the Jet Chamber J . The air 
then exits the Jet Chamber through a 
Jet Impingement Plate P that creates 
high velocity Jets for enhanced heat 
transfer to product that is placed on 
the furnace rolls. 

The design of the Jet Chamber 
is the final critical design of this 
furnace concept. Without proper 
design, the airflow would not be uni-
form horizontally across the Jet Plate. 
Since there are practical restrictions 
on furnace dimensions, the volume 
of the Jet Chamber cannot be made 
large enough to create uniform static 
pressure below the Jet Plate in order 
to create uniform airflow through 
the Jet Plate. Unless the bottom of 
the Jet Chamber was contoured or 
a Distribution Vane V was placed in 
the Jet Chamber, there would always 
be more airflow at the center of the 
Jet Plate than at the edges of the Jet 
Plate because of the forward velo-
city of the air in the Jet Chamber. 
Contouring would be furnace spe-
cific and non-adjustable, so the vane 
approach was chosen.

Furnace Description

A photograph of the development 
furnace is shown in Figure 2. As 
discussed above, the hearth is a con-
ventional roller with 12 – 2 inch 
(50 mm) diameter 304 SS rolls on 6 
inch (152 mm) centers. The active 
hearth dimensions (jet area) are 4 
Ft/-(1219 mm) by 4 Ft (1219 mm).

he furnace has a front and rear fiber 
lined door with the weight of the 
door providing an air seal to the 
furnace case.  The door openings 
are 52 inches (1320 mm) wide by 16 

inches (406 mm) high. The thermal 
insulation is 8 inches (203 mm) thick 
and there is an inner liner of 304 SS. 
The rolls are driven with a variable 
speed drive and can be oscillated at 
variable time intervals.  Air is re-cir-
culated with two (2) forward-curved 
multi-blade fans (one on each side) 
connected in parallel to a variable 
speed drive. The fan speeds were 
matched through sheave selection. 
The total maximum airflow is in the 
range of 17,000 acfm. The furnace is 
electrically heated with a total power 
input of 25 KW. The temperature is 
controlled by two (2) proportional 
-  SCR control loops (one for each 
side). Below the rear door is a tempe-
rature controlled re-circulating water 
quench tank.  The furnace is manu-
ally loaded and unloaded from an 
auxiliary roll table. When quenching 
is required, the product is pushed 
out the rear door onto an inclined 
ramp and the product slides into the 
quench tank.

Fig. 1 Mass Flow – Jet Impingement 
Furnace

Fig. 2 Development Furnace

Fig. 3 Probe
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Air Flow Uniformity

Before the furnace was heated, the 
pressure at individual Jet Holes was 
measured in order to establish the 
uniformity of airflow over the entire 
area of the Jet Plate. The method of 
testing was to measure the total pres-
sure at the center of a Jet Hole, using 
a probe as shown in Figure 3, with a 4 
inch (101 mm) long inclined mano-
meter having a pressure of 0.02 inch 
w.c. as the smallest measurable incre-
ment. This arrangement, assuming 
the static pressure at the surface of 
the Jet Plate was uniform, would 
yield accuracy in the Jet Velocity of 
0.5%. (Measured pressure was grea-
ter than 2-inch w.c.)

As anticipated, the pressures in 
the longitudinal direction (front to 
back) were uniform. The absence of 
turning vanes and the two chambers, 
the Expansion and the Longitudi-
nal Distribution Chambers, created 
this longitudinal uniformity. Also 
as anticipated, the pressures in the 
horizontal direction (sides to center) 
were not uniform with the pressure 
at the center being the highest due 
to the dynamic energy in the air as it 
entered the Jet Chamber.

Several geometries/interrupting 
vane configurations in the Jet Cham-
ber were investigated until a suitable 
arrangement was found. It was found 
that simple front to back vanes, one 
on each side, yielded excellent uni-
formity. In this furnace, the vane 
position and angle were adjusted 
using the port below the Jet Plate, as 
shown in the photograph. In future 
furnaces, adjustment of the Horizon-
tal airflow would be made at startup 
by external means. 

Pressure measurements were syste-
matically and randomly made across 
the entire Jet Plate. The results of 
this investigation showed uniformity 
in pressure between individual Jet 
Holes was  +/-  4 % with a correspon-
ding variation in velocity of +/- 2 %. 
The variation in pressure appeared 
to be random, that is, a systematic 
variation in either the horizontal or 

longitudinal direction was observed. 
At maximum airflow conditions, 
Pilot tube measurements showed the 
Jet Velocity was an average of 105 
ft (32 meters)/sec. The air tempe-
rature for this detailed testing was 
in the 150 deg F (65 deg. C) range. 
Pressure measurements at higher air 
temperatures indicated that airflow 
uniformity improved as furnace tem-
perature increased and the Jet Velo-
city increased to an average of 125 ft 
(38 meters)/sec.

Temperature Measurement and 
Data Acquisition System

When developing new equipment 
and the product uniformity require-
ments are +/- 5 deg F or less, accu-
rate “real time” temperature moni-
toring of the product is essential. To 
that end, the trailing thermocouple 
method with a custom designed data 
acquisition system was used for tem-
perature monitoring of the product. 
And, considerable care was given to 
the accuracy of the data acquisition 
system, to the thermocouple accura-
cy and the placement of the thermo-
couples in the product.

An Allen Bradley PLC with three 
(3) T/C input modules (Model No. 
1746-INT4) were used to collect the 
data from twelve (12) Type K Ther-
mocouples. The data was displayed 
real time on a computer screen and at 
a specified time interval (minimum 
of two (2) sec) the data was written to 
an Excel file utilizing InTouch®1 and 
was recorded in a moving register on 
the computer screen. The previous 
twenty (20) data scans were display-
ed on the computer screen. With this 
program (1) the current temperature 
could be continuously monitored, 
(2) the temperature history could 
be monitored and (3) a permanent 
record of the data was written in an 
Excel file.

Through InTouch, each of the twel-
ve (12) T/C inputs could be biased 
with respect to a reference tempera-
ture signal. This was done at a “refe-
rence temperature” of 1000 deg F 
(538 deg. C) to an accuracy of +/- 0.1 

1 InTouch®, InControl® and Wonderware® are trademarks of Invensys plc, its subsidiaries and affi liates.

deg F. The amount of bias was less 
than 2 deg F. The accuracy of  +/- 0.1 
deg F was due to the temperature sta-
bility of the reference source and the 
input modules. (Each has internal 
ambient temperature compensation 
and the required bias could be the 
result of many factors).

The thermocouples were Type K 
fabricated from Omega “special limit 
of error” 24 gauge wire with 1300 
deg F (704 deg. C) glass insulati-
on. The thermocouple junction was 
“welded” with a propane – oxygen 
torch without the use of any inter-
mediate material. The configuration 
of the junction and the placement 
of the junction in the product are 
shown in Figure 4. The T/Cs were 
terminated and connected to the data 
acquisition system using miniature 
T/C male/female connectors. The 
small 24 gauge wire was used so that 
temperature response would be fast, 
that error due to heat conduction 
from the heated air to the T/C junc-
tion would be minimum and that a 
bundle of twelve (12) thermocouples 
would be small and convenient to 
manage as trailing thermocouples.

“Special limit of error” wire has 
a guaranteed absolute accuracy of 
4 deg F at 1000 deg F (538 deg. C).  
In practice, the wire is significantly 
more accurate than the guarantee. 
The spools of wire used in this deve-
lopment project had a deviation from 
standard of 0.0 and + 0.9 deg F at 800 
deg F (426 deg. C). Also, experience 
has shown that when purchasing 
thermocouples where beginning and 
end of the wire spool is certified, the 
uniformity is within +/- 0.25 deg F.

Thus, it is reasonable to neglect 
deviations between individual T/Cs 
when T/Cs for a given test were 
fabricated from the same continuous 
length of wire. As to the absolute 
accuracy of these fabricated thermo-
couples, this was established by com-
paring a fabricated T/C to a certified 
T/C closely coupled in an air stream 
at 1000 deg F (538 deg. C). This com-
parison showed that the fabricated 
T/C measured + 0.4 to + 0.8 deg F 
higher than the certified T/C which 

M O LT E N  M E TA L  P R O C E S S I N G
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agreed with Omega’s specifications. 
Thus, any absolute or relative T/C 
error was neglected in reporting test 
results.

Product Temperature 
Uniformity

In many heat processing applica-
tions, temperature uniformity of the 
product at end of cycle is sufficient 
criteria for producing an acceptable 
product. Examples of such processes 
would be reheating metal for rolling 
and forging and some applications 
of hardening steel. But there are 
many applications in heat processing 
where time at temperature is the 
criteria. Even though the product 
temperature may be uniform at end 
of cycle, the product may not be 
acceptable because different sections 
of the product will have had diffe-
rent time at temperature histories. 
Examples would be solution heat 
treating of aluminium alloy and car-
burizing steel. 

Volume to area ratios of various 
product sections as well as load den-
sities will effect time at tempera-
ture but a more significant variable 
would be non-uniformity in the heat 
transfer rate of various locations in 
the Heat Processing Equipment. If 
the heat transfer rate at different 
locations is not uniform, product 
temperature as a function of time 
will not be uniform, because product 
temperature is a function of the heat 
transfer rate times the difference in 
equipment temperature and product 
temperature. Thus, at end of cycle, all 
sections of the product will not have 
the same history and all sections may 

not have acceptable properties. In 
many cases, extending the cycle time 
can minimize these differences in 
properties, but this is not a desirable 
solution for obvious reasons. Also, 
too much time at temperature may 
yield undesirable properties. 

Thus, the important characteris-
tics of Heat Processing Equipment 
are temperature uniformity and hea-
ting rate uniformity, and not simply 
temperature uniformity. In all cases, 
uniformity of heat transfer rate will 
improve product quality and reduce 
cycle time. 

In heat processing equipment, 
where convection heat transfer and 
process gas distribution contribute 
to product properties, the unifor-
mity of airflow (process gas flow) is 
a dominant variable with respect to 
acceptable product properties. The 
Equipment design and the cold air-
flow testing as discussed above were 
the starting points of this develop-
ment program but the success of the 
program could only be established 
through testing at temperature with 
usable production products. Figure 
5 shows the product tested and the 
physical arrangement of the pro-
duct.

Three differential aluminium cas-
tings were placed on a one-inch high 
open tray.  They were spaced on 15 
½ in (393 mm) centers with the out-
side dimension of the three castings 
at 42 in. (1066 mm).  Each casting 
weighs 25 lbs (11 kg) with outside 
dimensions of 11 ½ in. (292 mm) 
wide by 16 in (406 mm) deep by 12 
½ in. (317 mm) high. The nominal 
hearth dimen-
sions were 48 
in. (1219 mm) 
by 48 in. (1219 
mm). Nine 
thermocouples, 
three on each 
casting, were 
placed as shown 
at a depth of one 
inch. (Before 
this test, a sing-
le casting was 
tested with six 
thermocouples 

and these three locations were iden-
tified as the last to heat positions.)  
The tray was pushed to the center 
of the hearth and oscillated front to 
back during the test a distance of 
9 inches. [Rolls are 2 in. (50 mm) 
diameter on 6 in. (152 mm) centers.] 
The steady state target temperature 
was 1000 deg F (538 deg. C). The test 
duration was 35 minutes.

The results of the test are shown 
graphically in Figures 6 and Figure 7. 
Figure 6 shows Temperature vs. Time 
for the complete test and Figure 7 
shows Temperature vs. Time in an 
expanded scale beginning when all 
temperatures were above 995 deg F 
(535 deg. C). Series 10 in the graphs 
is furnace control temperature that 
shows a decreasing thermal head as 
the castings reached target tempe-
rature.

The data shows that the tempera-
tures at the top of the castings, being 
the greatest distance from the heat 
source (the jet plate), lagged slightly 
those at the bottom and midpoint 
of the castings until all temperatures 
were above 995 deg F (535 deg. C). 
At this point in the cycle, all tempe-
ratures were within +/- 2½ deg F and 
none ever exceeded 1003 deg F (539 
deg. C). At steady state individual 
castings were within 1 deg F and side-
to-side variation was within 2 deg F.

Heat Transfer Rate   

The jet plate in this furnace design 
serves two purposes. It is a means to 
distribute the airflow uniformly over 
the entire hearth area and it produces 
high velocity air jets that create an 

Fig. 4 Th ermocouple Confi guration

Fig. 5 Test load of Castings
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enhanced heat transfer rate to the 
product (heat transfer coefficient).  
In order to compare the heat transfer 
coefficient of this jet-heating furnace 
to that of a conventional mass flow 

furnace, a series of heat transfer rate 
tests were conducted using alumi-
nium plates. In mass flow systems, 
distance is not a variable with respect 
to the heat transfer coefficient but 
in jet systems the distance from the 
jet plate to the product (target dis-
tance) is a significant variable. The-
refore, the heat transfer coefficient 

tests included target distance as a 
variable.

The method used to determine 
the heat transfer rate was to heat an 
Aluminium plate using a constant 

furnace temperature and to record 
the temperature of the plate as a 
function of time. Then, by determi-
ning the heat gained by the plate for 
a known time interval and equating 
this heat gained to the heat trans-
ferred by convection and radiation, 
a total heat transfer rate could be 
determined, i.e.,

Thermal insulation was placed on 
five (5) of the six (6) surfaces of the 
plate with only the bottom surface 
exposed to the impinging jets of air. 
In this manner the heat transfer area 
was well defined and all jets were 
perpendicular to the plate.

Figure 8 is a graph of Plate Tem-
perature vs. Elapsed Time (heating 
curve) for a one (1) inch thick 6061 
Aluminium plate at a distance of 4 ¼ 
inches from the jet plate. One third 
(1/3) of the plate area was blocked 
by the furnace rolls. The plate was 
in a frame and was oscillated on the 
furnace rolls so that the entire plate 
surface received direct impingement 
of the jets during a portion of the 
test. The temperature of the plate 
was measured at four (4) places, 
three (3) corners and the center of 
the plate. The thermocouples were 
at a depth of one half (½) inch. Air 
temperature was measured at two (2) 
places beside the plate. The seventh 
temperature shown on the graph is 
furnace control temperature. Tem-
perature data were recorded at 30-
second time intervals.

The total heat transfer coefficient 
was calculated at five (5) tempera-
tures of the heating curve at nominal 
temperatures of 400, 500, 600, 700 
and 900 deg F using recorded adja-
cent data points at 30-second time 
intervals. It was assumed all heat was 
transferred through the bottom of the 
plate and the plate area view factor 
was 67 %. Tabulated values for the 
specific heat of Aluminium were used. 
These calculations yielded a value of 
39 +/- 4 Btu/Hr-SqFt-deg F for the 

Fig. 6 Temperature vs. time for the complete test

Fig. 7 Temperature vs. Time in an expanded scale beginning when all 
temperatures were above 995 deg. F

               (ht)(A)(To - Tp)(∆θ)  =  (cp)(W)( ∆T )

 where W = weight of the plate
 cp = specific heat of aluminium at average plate 
   temperature Tp
             ∆T   =  temperature gained by the plate in the time 
   interval ∆θ  
 A = area of the plate exposed to the furnace 
   temperature To 
 A = nominal plate area x view factor 
 ht = total heat transfer rate (total heat transfer 
   coefficient)

M O LT E N  M E TA L  P R O C E S S I N G

manuel
Rectangle



9http://www.aluminiumtechnology.com

total heat transfer coefficient. The 
radiation contribution to this value 
was estimated at 3 Btu/Hr-SqFt-deg F. 
Using this calculated value, the error 
resulting from the assumption that 
all heat entered the plate through the 
bottom surface was estimated to be a 
reduction of less that 2 Btu/Hr-SqFt-
deg F. With these estimates of heat 
gained by radiation transfer and heat 

gained through the plate insulation, it 
should be safe to say that the convec-
tive heat transfer coefficient resulting 
from this evaluation would be in the 
range of 30 to 35 Btu/Hr-SqFt-deg F. 
Using the same procedure, the heat 
transfer coefficient was measured at 
target distances of 7 ½ and 14 ½ 
inches with values for the total heat 
transfer coefficient of 29 and 14 Btu/
Hr-Sq Ft-deg F respectively compared 
to a value of 39 Btu/Hr-SqFt-deg F 
at a target distance of 4 1/4 inches. 
Mass flow furnaces, due to maximum 
fan capacity with respect to furnace 
size, typically have a value of 10 Btu/
Hr-SqFt-deg F. Thus, this jet system 
yielded significant improvement in 
heat transfer rate.

Application to Short Cycle 
Solution Heat Treatment of Alu-
minium Castings 

It has been known that  in line - 
short cycle Solution Heat Treatment 

of Aluminium Castings rather than 
the current practice of batch heat tre-
ating would be possible, if a furnace 
were available that provided rapid 
heating to the castings, if the furnace 
produced temperature uniformity in 
the castings when solution tempe-
rature was reached and the furnace 
maintained a stable temperature 
during the solution treatment. 

This development furnace exhibi-
ted these requirements, thus, short 
cycle - Solution Heat Treatment was 
investigated. The investigation was 
the individual Heat Treatment of a 
series of castings followed by identi-
cal metallurgical examination. The 
heating procedure for each casting 
was identical as was the quench 
and aging procedure. The hold time 
prior to quench was the only vari-
able in this series of tests. This was 
varied from 0 to 180 minutes hold 
time. 

The casting used for this investi-
gation was the casting that was used 
for determining product tempera-
ture uniformity as discussed above. 
The casting material is modified 319 
Alloy. The castings were obtained 
form our customer who is currently 
batch heat treating them in a SECO/
WARWICK Furnace System so that 
reference metallurgical properties 
are documented for comparison to 

the results obtained from this inves-
tigations.

Three temperatures were monito-
red for the Solution Treatment of this 
series of tests, namely, furnace cont-
rol, casting temperature and ambient 
temperature near the casting.

Figure 9 and shows these tempera-
tures (typical) during the heat/hold 
portion of the heat treat cycle and 
Figure 10 shows the casting tempe-
rature and the ambient temperature 
(typical) during the quench cycle.

The Solution Heat Treatment pro-
cedure was as follows:
1. Stabilize the furnace at 1015 deg F 

(546 deg. C);
2. Open the front door of the furnace 

and start the data acquisition sys-
tem;

3. Push tray and casting into furnace 
and immediately close door;

4. At 24 minutes lower furnace set 
point to 1007 deg F (541 deg. C);

5. At 25 minutes start the hold time;
6. After hold time     open rear door 

and immediately push into quench 
tank;

7. Remove casting from quench and 
begin the aging procedure.

Eight castings were Heat Treated 
and sent to our customer for metall-
urgical evaluation.  The result of the 
metallurgical testing of these eight 
casting is shown in Table I.  Nor-
mal properties for Ultimate Tensile 
Strength, Yield Strength & Elonga-
tion at positions A & B are 300, 230 
& 9 and for positions E & F they are 
270, 210 & 4.

Our customer commented that the 
properties at hold times of 30 minu-
tes and greater are acceptable. For 
hold times less than 30 minutes  - 85 
to 90 % of the required strength was 
obtained with scatter in the required 
elongation of 60 to 80 %.

Summary

A New Mass Flow – Jet Impin-
gement Furnace design has been 
developed and a production proto-
type has been built and tested. This 
furnace has shown an unsurpassed 
combination of mass flow uniformi-
ty, heat transfer rate, product tem-

Fig. 8 Plate temperature vs. elapsed time (heating curve) for a one inch thick 
6061 aluminium plate at a distance of 4-1/4 inches from the jet plate
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perature uniformity and product 
temperature stability during heat 
treatment than any known con-
vective type furnace. Short Cycle 
Solution Heat Treatment of Modi-
fied Aluminium Castings has been 
investigated. 

The uniformity of mass flow across 
the 48 inch (1219 mm) square hearth 
is better than +/- 2%; a convective 
heat transfer coefficient of 35 Btu/
Hr-Sq Ft- deg F has been measured; 
temperature uniformity at 1000 deg 
F (538 deg. C) of three 25 lb (11 kg) 
production castings spaced across 

the hearth was measured at 2 deg F 
with an individual uniformity of 1 
deg F; product temperature stability 
during the solution heat treatment 
investigation was 1 deg F.  The 
solution heat treatment cycle of pro-
duction modified 319 Aluminium 
castings (heat to quench) was varied 
from 25 minutes to 205 minutes. 
Metallurgical evaluation showed 
that a 55 minute cycle for this par-
ticular casting was sufficient time 
to obtain acceptable properties with 
no improvement in properties as the 
cycle time was increased.
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Fig. 10 Typical temperatures during the heat/hold portion of the heat treat cycle

Fig. 9 Typical casting temperature and ambient temperature during the quench cycle
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