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June 7, 2017
Subject: Spraying Systems SolidStream Nozzles

Reference:  Test 2x each version of Ruby, Ceramic, and Stainless Steel nozzles in

sizes of .040” and .020”. Use an abrasive slurry of Silicon Carbide

Summary: Measure flow rate and stream integrity for Ruby, Ceramic, and Stainless
Steel versions of SSCO SolidStream Nozzles in sizes of .040” and .020”

Data:
Table 1: Flow Rates for Tested Solid Stream Nozzles
Initial Final Nominal Time to
Flow Flow Flow reach 20%
NOZZLE Rate at | Rate at Rat wear Part Price $ (USD 1-5pcs)
40 psi 40 psi ate h ca
(gpm) | (gpm) | ©@P™) (hours)
38171-30-CER (99.5% 1120 1576 114 2 0
Alumina) 1983 1507 14 5 17.83 (32% more than SS)
38171-30-CER (99.99% 1213 | 1583 114 3 :
Alumina) 1196 | 1482 | 114 6 Not Available
.2029 .2628 .202 5
38171-40-CER 17.83 (32% more than SS
2044 | 2614 | 202 6.5 (32% )
.0493 .0549 .051 -
38171-20-316SS 13.56 (baseline
.0489 | .0639 .051 23 ( )
.1848 2426 .202 15
38171-40-316SS 13.56 (baseline
1811 2424 .202 15 ( )
1989 | 2245 | 202 | (estimated)
48461-40-SSRBY 165 53.71 (296% more than SS)
1938 | 2235 | 202 (es“znlgted)
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#38171-40-316SS WEAR LIFE
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Figure 1: 316 Stainless Steel Orifice Wear Life

#38171-40-CER WEAR LIFE
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Figure 2: 99.5% Alumina .040" Ceramic Orifice Wear Life
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#38171-30-CER WEAR LIFE

45
40
35
30
25
20

Percent Difference in Flow

0 1 2 3 4 5 6 7
Time (Hours)

——NOZZLE 1 99.5% ALUMINA —— NOZZLE 2 99.5% ALUMINA
—— NOZZLE 9 99.99% ALUMINA —— NOZZLE 10 99.99% ALUMINA

Figure 3: Standard 99.5% Alumina vs. 99.99% Alumina .030" Ceramic Orifice Wear Life

#48461-40-SSRBY WEAR LIFE
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Figure 4: .040" Ruby Orifice Wear Life

Experts in spray technology W— @ ﬁ Wy

150 Spray Nozzles Spray Control Spray Analysis Spray Fabrication




) Spraying Systems Co.”

#38171-20-316SS WEAR LIFE
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Figure 5: .020" 316 Stainless Steel Orifice Wear Life
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316 STAINLESS STEEL, CERAMIC, AND RUBY WEAR
LIFE COMPARISON
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Figure 6: Wear Life Comparison of all tests run to 20% wear
Discussion:

A nozzle that is spraying water will take an extensive amount of time to
wear, unless extremely high pressures are being used. An accelerated wear
test is a wear test in which an abrasive material is mixed with the water
and sprayed through a nozzle in order to forcibly wear the nozzle. Using
this method two or more nozzles can be compared to see which one will
wear faster, while decreasing the test time to much more reasonable
length.

Nozzles of four different materials were tested. The stainless steel solid
stream nozzles 38171-20-316SS and 38171-40-316SS, the 99.5% Alumina
ceramic solid stream nozzles 38171-30-CER and 38171-40-CER, the
99.99% Alumina ceramic solid stream nozzles 38171-30-CER, and the
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ruby solid stream nozzles 48461-40-SSRBY. Two of each nozzle were
tested.

To perform the tests, a slurry tank was prepared using an abrasive and
water. The slurry tank is equipped with a pump system and an agitator that
constantly stirs the mixture to avoid particles setting at the bottom of the
tank. Before testing, each nozzle was tested for flow rate to establish a
base line. Wear life testing was conducted by spraying the abrasive
mixture and periodically measuring the flow rate of each nozzle. The flow
rates were recorded along with the length of time of the spray interval.
After each interval, the nozzle positions on the spray header were
alternated to eliminate nozzle position as a factor contributing to more or
less wear. This process was repeated until the nozzles showed a 20%
increase in flow rate. The pressure during testing was 50 psi and was
measured using a calibrated pressure gauge. A Micro Motion mass flow
meter was used to measure the liquid flow rate.

The nozzles were tested in four separate rounds (stainless steel, 99.5%
Alumina ceramic, 99.99% Alumina ceramic, and ruby nozzles). The
abrasive used in this mixture was 240-mesh silicon carbide. The mixture
was 1 pound of Silicon Carbide to 10 gallons of water. 5 pounds of Silicon
Carbide was mixed with 50 gallons of water. Wear is depicted as the
percentage increase in flow rate from the initial flow value.

This test is to be run to determine the comparison of wear life between a
Ruby orifice, a standard 99.5% Alumina Ceramic orifice, a 99.99%
alumina Ceramic orifice, and a standard 316 Stainless Steel orifice.

The tests were completed and the results displayed in various charts and
tables. From the data, we can conclude the ceramic orifice have the
shortest wear life. We can also conclude the Ruby orifice has the longest
wear life. The Ruby orifice test was able to run for 125 hours before just
reaching 15% wear. It was decided at this time to stop the test as the Ruby
had surpassed both the wear lives of the Ceramic and Stainless Steel
orifices. The ceramic orifice displayed a short wear life reaching 20%
wear after 5 hours of run time. The 316 Stainless Steel orifice has the
second longest wear life reaching 20% wear at 15 hours of run time.

The first ceramic orifice test used .040” 99.5% Alumina ceramic orifices.
The wear life was short when compared to the rest of the orifice nozzles
tested. The orifices reached 20% wear after just 5 hours. The test ran for
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33.5 hours in which the final recordings were 29.52% and 27.88% wear
when compared to the initial flow rate.

A second ceramic orifice test was completed, as initial results were
questionable. In this test, a .030” standard 99.5% alumina ceramic orifice
was used as well as a .030” 99.99% alumina ceramic orifice. The two
orifice types ran simultaneously to compare any differences that may be
present. Both of the orifices had a very similar wear pattern. Within a run
period of 6 hours, the 99.5% alumina ceramic orifices reached 41% and
19% wear. The 99.99% alumina ceramic orifices reached 30% and 24% in
the same run period. It should be noted that the initial readings of the
orifice before wear testing began were very different. The 99.5% alumina
ceramics had initial readings of -1.75% and 12.54% when compared to the
nominal flow rate. The 99.99% alumina ceramics had initial readings of
6.40% and 4.91% when compared to the nominal flow rate. The 99.5%
alumina standard ceramic orifices reached 20% wear at 2 hours and 6
hours respectively. The 99.99% alumina ceramics reached 20% wear in 4
hours and 6 hours respectively. From this data, it can be said that the
standard 99.5% alumina and 99.99% alumina ceramic orifice insets are
closely matched concerning wear life.

The .040” 316 Stainless Steel orifices performed well for 15 hours before
reaching the 20% wear mark. The nozzles wore quickly in the beginning
before the rate of wear decreased greatly. An explanation for this could be
the initial wearing of the sharp edges present on the orifice when it is new.
With the sharp edges eliminated, the wear rate would significantly
decrease. The 316SS .040” orifices had initial readings of -8.51% and
-10.34% when compared to the nominal flow rate.

The .020” 316 Stainless Steel orifices lasted longer when compared with
the .040” 316SS orifices. The nozzles wore quickly initially before
plateauing and then wearing quickly again. One of the orifices became
damaged early into the test and was removed from testing 1.5 hours in.
The second orifice remained in the test until the 20% wear mark was
reached. This took approximately 25 hours to reach. The final readings
recorded were 11% and 31% over the initial flow rate. The .020” 316SS
orifices had initial readings of -3.33% and -4.11% when compared to the
nominal flow rates.

The .040” Ruby orifices had a very long life when compared to the 316SS
and Ceramic orifices. These orifices experienced a smaller initial wear
jump in the beginning of the test. From then on, the slope appears to be
somewhat constant up until the test stopped. The test ended before
reaching 20% wear as the ruby nozzles experienced an extremely slow
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rate of wear when compared to both the 316SS and Ceramic nozzles. The
initial readings were -1.53% and -4.05% when compared to the nominal
flow rate. After 125 hours, the final readings taken were 12.87% and
15.32% when compared to the initial flow rate. From the data collected, it
can be estimated the ruby nozzles would reach the 20% wear mark
between 165 to 215 hours.

With this data, we can conclude that for the life of 1 ruby nozzle, we
would go through approximately 11 to 15 316 Stainless Steel nozzles or
33-43 ceramic nozzles. From the data, a ruby nozzle is a great choice
when compared to the ceramic and 316 stainless steel alternatives. The
cost of 4 316SS nozzles is comparable to the cost of 1 ruby nozzle. The
cost savings is both present in the cost of nozzles themselves and
maintenance downtime. Maintenance downtime costs can be rather
significant. Being able to remove 11-15 times where nozzle change is
required would provide significant cost savings.

Bernard Pyzdrowski
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