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FOREWORD

Sie data described in this report (Section III of the final
report) were obtained from tests conducted by Allis-Chalmers
Manufacturing Company between February and June 1960 pursuant to
Modification IX of Contract No. AT(10-1)-925 and were run con-
currently with Heat Transfer tests reported under Sectlon IV.

ABSTRACT

Pressure drop data for the Title I EGCR fuel assembly have
been presented in Section I. The data presented in this section
cover the pressure drop tests of the Title II fuel assembly design
modification and refinements as occurred during the Title II test
phase., All tests were conducted with the chosen 3.000-in. ID fuel
assembly sleeve and with the outer six tubes of the seven tube
cluster located on a 2.000-in. dia. bolt circle. The tests
included two designs of spider support pieces, and three designs

of mid-length spacers. The pressure loss data are presented in

the form of velocity head coefficients for the various components
of inlet, full element length, exit, and the 1l4-in. center length
over a range of Reynolds Numbers from 20,000 to 90,000.




I. INTRODUCTION

The determination of the coolant pressure drop across the
reactor core is dependent upon the geometry of the flow channels
of the fuel elements. The effect of revisions in design of fuel
assembly spiders and spacers made since the Title I tests are
difficult, if not impossible, to predict with satisfactory
accuracy without the benefit of test results. It was for this
reason that the Title I phase of testing was extended to include
production models of the fuel element assemblies of the later
Title I design which included Title II design changes.

?
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ITI. OBJECTIVE

The primary objectlve of the tests herein described was to
obtain experimental data on fuel channel pressure loss coefficients iii*
of the Title II fuel assembly designs. i

A secondary objective was to determine the effect of relative
angular rotation between fuel assemblies on pressure drop losses.

III. SCOPE

The original scope for this phase of the Pressure Drop
Program was to obtain experimental fuel pressure loss coefficients
of prototype production fuel assemblies. During the course of the
program, the scope was enlarged to include loss coefficilents of
several versions of mid-length spacer designs and two spilder
support designs. The data assisted in the final choice of the
Title II design, which was assembled and tested in the final phase
of the extended program.

This report (Section IIIL) presents the resulting pressure
loss coefficients of four separate tests. The tests were con-
ducted in the open air rig at Allis-Chalmers Manufacturing
Company, Nuclear Power Department, Washington, D. C.



IV. RESULTS

N

The over-all pressure loss was separated into four major
PN components similar to those reported in the Title I effort. The
a four components are:

l. Cg, a combined friction and form loss measured over a
14-1in, length within the first fuel assembly of the
fuel column which includes the Mid-Length spacer;

2. Cg', an over-all pressure loss of one complete fuel
assembly measured from a point upstream of the exit
erid of one fuel assembly to a corresponding point on
the next assembly;

3. Cqs; an entrance loss measured from the inlet plenum
to a point immediately downstream of the first fuel
assembly;

4, ¢_, an exit loss measured from a point downstream of
the exit end of the last assembly to the exit plenum.

All four losses are expressed as coefficients of velocity
head within the fuel assembly. Four combinations of a spacer-
and spider e¢onfiguration, chosen from two spider and three spacer
designs, were tested 1n the open-air test rig. Individual plots
of the coefficients versus Reynolds Number appear in Appendix A.

The values of Cg, Cs', Ce, and Co at a Reynolds Numbe
50,000 are listed in Table I at the end of this section,™
with similar values from two test arrangements of the Title I
fuel assembly previously reported in Section I. One of the
Title I test arrangements had no Mid-Length spacers, and the
second had 45° helical vane spacers at the mid length of each tube.
By comparing the listed results, the following generallization can
be made:

1. The Mod. IV Mid-Length Spacer (Dwg. SK-D-161) creates less
pressure loss than the other three designs tabulated.
By comparison, the Mod. I spacer (Dwg. SK-D-162) creates
a 10% greater added loss to Cg, the Mod. II spacer
(Dwg. SK-D-161) creates a 65% greater added loss and the
Title I spacer creates about 1%5% greater added loss,

2. The combined inlet and exit losses to and from the fuel
element assemblies (Ce + Cg) include exit and entrance
losses from and to plenums plus the losses of the two
3.000-in., ID x 29-in. long dummy elements. The combined
losses are least with the Mod. I spiders (Dwg.SK-D—163 s
although about the same for the Title I (Dwg. D-104 RD
test spilders (2% higher) and kbout 10% greater for the
production specimen of Title I design (Dwg. SK-MS-15).




3. The pressure losses of the mating pairs of adjacent
spiders, including the short open space between the
fuel assemblies, is least with the Title I test spilders,
approximately 36% greater for the Title I production
models and about 21% greater for the Mod. I spiders.

4, The effect of rotating the second of three fuel assemblies
-30° with respect to the first and third assembly causes
the over-all pressure loss, Cg' to increase 2-3% with
the Title I specimens and 3-5% with the Mod. I spiders.

A scatter of test points below Reynolds Number 30,000
exlsted due to an unpredictable flow phenomena, caused by opening
the vent valve, which was done at low flow conditions to reduce
excessive compressor surging and also to reduce manometer fluctu-
ation.

In this serles of tests, opening the vent valve was not
objectionable as the coefficients are firmly established for the
higher Reynolds Numbers., The next series of tests to be run were
for the most part in the low flow range (i.e., below N 30,000),
the vent valve effect was overcome by inserting a resistance plate
upstream of the orifice, but also uncovered a -4.5% to -5.0% error
in all flow measurements. This correction has been applied to
all of the test data of this report, and should be applied to the
data in Section I report (Ref. 6). The quoted values of Section I
report in Table I have been so corrected as noted in the footnotes
of the Table.

Accuracy of test results 1s estimated to be approximately 5%.
A detailed commentary of accuracy 1s included on Page 12 in the
Discussion section of this report.




TABIE I

TYPICAL TEST RESULTS AT REYNOIDS NO. = 50,000

-~

LABE AJENY

1 a v
Test ID In. | Ligament De Mid-Spacer Spider C €'s Ce Ce c Splder

Symbol Sleeve Ratlo (4 x Hyd Rad)| Identity Identity S Orientation* Spacer| Orlentation

0° 300 o° 300
) Stralight “Prod. Run

6 3.002 1.983 0.05125 ft. | Mod. II Vanes Title I 0.850 1.854 1,830 10.501 |1.095 |0.326 |0.491 0.531

SK-D-161 60° Pad SK-MS-15 _
] Mod. I 30Y Hellc-| Prod. Run .
7 3.002. 1.983 0.05125 ft. | SK-D-162 al Vanes Title I | 0.743 I.704 1.761 {0.504 {1.076 {0.217 |0.454 0.513
30° Pad SK-MS-15 . .

- Mod. IV  Straight Title 11

8 3.002 9.983 0.05125 ft. | SK-D-161 Vanes Mod. I 0.724 1.637 1.726 |0.556 |0.865 |0.197 [0.402 0.496

30° pad SK-D-163
Mod. II Straight Title IX ’
9 3.002 1.983 0.05125 ft, | SK-D-161 Vanes Mod. I 0.849 1.788 - 1.847 |0.552 {0.900 |0.326 10.436  .491
. 60° pad SK-D-163 ‘ '
Test Mock K *E* XX a a

1-3 3.016 1.88 0.05199 ft. | None None Up Title I| 0.517 1.319° 1.446 |0.496 }0.986 - 0.293 0,420

SK-FF-104
) B Drawing 45% Hellc-| Test Mock e (] a o ]

6-3 3.016 1.88 0.05199 ft. |SK-FF-136 al Vanes Up Title I| 0.998 1.868 1,941 |0.496 [0.968 | 0.480 | .360. 0.434

(No Pad) SK-FF-104

*Orlentation refers to the angular position of the three test fuel assemblies to each other.

At zero degree, the cross-sectlons

of the three assemblies are in line, and at 30 degrees, the center assembly 1s rotated 30 degrees with respect to the other two
assemblles.

*%*Calculated from Cg = f-ﬁé with £ = 0.023 obtained from Reference 1, Page 5 corrected for -4.5 to -5.0#% error of flow measurement

and L = 1,1666 ft.

*#*Calculated from C'g =

error of flow measurement and L = 2.4166 ft.

& Calculated from Cspacer = Cs - £ with £ = 0.023 and L = 1.1666 ft.

AAcCalculated from Cspider =

and L = 2,312 ft, for assemblies 1-3 and 6-3.

C's CSpacer - CT.L. where cT.L. =

L
£ =
De

with f =

Oobtained direct from Reference 1, Page 5, corrected for - 4.5% to -5.0% error of flow measurement.

f'-ﬁé with £ = 0.028 and 0.031 respectively obtained from Reference 1, Page 5 corrected for -4.5 to -5.0%

0.023 and L = 2.2917 ft. for assemblies 6, 7, 8 and 9




V. CONCLUSIONS

The Title I Test Spiders actually created less pressure loss
(0.15 velocity head) but were not considered fully representative
of Title I design which was still being revised during the test
program (see page 8 of Ref. ).

Eliminating the Title I Test Spiders from contention and .
using a minimum pressure loss as a criterion for choice of Title II :
design spacers and end spiders, the Mod. I spiders and the Mod. IV
Mid-Length Spacers would be the preferred choice. The Mod. I ’
Spacers, however, differing from the Mod. IV Spacers only by the
use of a larger pad, creates essentlally the same loss as the
Mod. IV Spacers contributing less than an 0.02 additional velocity
head per assembly over that created by the Mod. IV Spacers.

The Mod. I end spiders stand out as a more distinct choice
over the Title I production end spiders. The sum of entrance and
exit losses, and the losses of a palr of spiders at each pair of
adjacent assemblies of the Title I production specimens are about
10% and 13% higher, respectively, than the losses of the Mod. I
spacers.

It should be noted that the inlet and exlit loss coefficilents
each include a 29-in. length tubular dummy element. The final
dummy designs, having more intricate alr flow passages, are expected
to increase these loss coefficients appreciably, and the mock ups
of the final design wlll be tested as soon as the design drawings
are available.




-y

B AN Y]

VI. TEST RIG

The Pressure Drop Rig is essentially the same as described
in Section I of Report RD-0007, with the exception of the graphite
sleeves, which were suppllied by ORNL from production prototype
sleeves. By mutual agreement between Allis-Chalmers and ORNL the
sleeves were not drilled to accommodate veloclty probes.(6?he
remaining description is copied verbatim from Section I .

The pressure drop experiments were performed with three full-
scale fuel assemblies placed in series. Dummy assemblies were
placed at the inlet and discharge ends of the column of test
assemblies. The dummy assembly was a 29-in. long hollow carbon
steel cylinder having the same bore as the fuel assembly sleeves.
Plenum chambers were placed at the upstream and downstream ends
of the test section. A centrifugal compressor delivered ailr at
about 170 F to the test section. The compressor inlet and the
test section exit were open to the atmosphere. An orifice meter
was installed between the compressor discharge and test section
inlet.

The blower and flow control system was capable of varying
the flow over the range described previously. Pressure drop
over the three test assemblies was measured by means of U-tube
glass manometers. Various density fluids were available to fill
the manometers. The choice of fluid was dependent upon the
magnitude of the differential pressure to be measured. Two
inclinéd water manometers were avallable to acurately measure
low differential pressures.

Air temperature measurements in the test rig were made at
the orifice, the inlet of the test section, and outlet of the
test section. Temperature measurements were taken with mercury-
in-glass thermometers. Provisions were also available to obtain
these temperature measurements wilth thermocouples. The use of
thermocouples proved to be an unnecessary refinement; experience
did not dictate their necessity.

Flow measurement through the rig was made by means of a
concentric orifice plate mounted between standard orifice flanges.
Both the differential pressure and the statls pressure downstream
of the orifice were measured by means of manometers. Flow control
was achieved by means of two butterfly-type valves; one valve was
located in the take-off from main flow to act as a by-pass, and
was vented to atmosphere, the other valve used for throttling was
located Just upstream of pressure drop test section.

Static pressure measurements were made at selected statlons
along the fuel assembly test section. Each static pressure tap
was connected to a manometer leg and the manometer registered the
differential pressure between stations. The location of static




pressure taps along the test sectlon 1is shown schematically on
Flowsheet SK-D-168. A more detailed description of the tesf6
equipment is contained in Appendix C of the Title I report ).
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VII. TEST SPECIMENS

The fuel assembly test specimens convered by thils report were
supplied by ORNL from a pllot production run of Title I fuel
assemblies manufactufﬁg in accordance with Drawing SK-MS-15 appear-
ing in A-C Study 100 . Complete flow geometry except for mid-
length spacers, Detall 7, was retained and the only other modifi-
cations to internal parts was to thread the end caps, Detaill 6, to
provide for a bolted assembly of fuel tubes and spiders 1n lieu
of the weld in sub-assembly D of Drawing SK-MS-15. This permitted
the mid-length spacers, which were slipped on the tubes and held
in place by cement, to be readily interchanged.

A typical fuel assembly was therefore full size and conslsted
of a 5-in. 0D, 3-in. ID, 29-in long graphite cylinder (called a
sleeve) in which a cluster of seven empty tubular fuel elements
were supported by spiders at each end of the sleeve. Four pressure
taps were provided to form a piezometric ring at two axial positions,
5-1/2-in. and 19-1/2 in. from the upstream end of the sleeve. The
fuel element tubes were 0.75-in. 0D stainless steel tubes void of
fuel. For reactor operation, the tubes will be filled with UO
pellets. The spider at éach end of the sleeves supported the %ubes
wlith one tube on the sleeve center line and the remaining six tubes
equally spaced around the central tube on a 2.00-in, bolt circle.
Reproductions of the general arrangement of the reactor fuel
assembly drawing, SK-FF-15, and details of the production run test
specimens of Title I spider, Drawing SK-D-163, appears in Appendix
B.

The drawing SK-D-163 also contains the alternate ORNL modified
test spiders A-103-30, which were substituted in the last two test
assemblies (see Fig. 6, Appendix B).

The mid-length spacers, Detail 4, of SK-MS-15, was replaced
successively by three modifications of the 450 helical finned
designes called Mod. I, Mod. II and Mod. IV designs. All three
designs were L/M—in. long over-all without any hub extensions.

The Mod. I spacers shown on Drawing SK-D-162 in Appendlx B have
30° helical vanes with the one vane of the spacers on the six
outer tubes containing a fabricated 1/4-in. or 30° arc pad. The
outer spacers were assembled so that the vane with the pad was
adjacent to the graphite sleeve ID. The Mod. II central spacers
were a simple 0.757-in. OD x 0.826-in. OD x 1/4-in. long cylinder.
Vanes on the outer spacers were straight wlth one vane enlarged

to a 60° arc solid pad. Mod. IV spacers were ldentical to Mod. II
except that the enlarged pad or vane was reduced from a 60° arc to
a 300 arc width. Both Mod. II and Mod. IV spacers are shown on
Drawing SK-D-161 in Appendix B.

As in the Title I test program, the tests were run with three
full scale fuel assemblies in series. The same plenum and dummy
assemblies, one at each end of the series of fuel assemblies, were
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used in this Title II test effort. The dummy elements were
twenty-nine in. x 3.000-in. ID graphilte cylinders. A schematic
drawing of the arrangement with the test stations ildentified 1is
on Drawing SK-D-168,

The final design of the dummies are expected to be of a
more complex shape. The lower dummy will contain either
replaceable or adjustable orifices and both dummles will
probably include neutron reflectors to prevent straight through
neutron streaming. A mock up will be made of the final dummy
design and will be tested as a follow up of this phase of the

program to obtain accuracy entrance and exit losses and to obtain,

if necessary, control orifice data.

Pia
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VIIT.DISCUSSION

The division of the over-all pressure loss into four separate
components has been defined in the Results Sectlion, Page 4 and
plots of coefficlents Cg, Cs's Cc and Ce versus Reynolds Number
appear in Appendix A.

Coefficient Cg was obtained by measuring the pressure drop
over a 1ll-in. axial length in the center of the fuel assembly
between test stations 1-6 and 1-10. The mid-length spacers are
included within this length. The coefficlent Cs' represents the
over-all pressure loss of one complete fuel assembly, measured
between similar points (1-10 and 2-10) on each adjacent pailrs of
fuel element assembly. The numbering system of the test stations
is in accordance with flow sheet SK-D-168. Entrance losses, which
include the loss of the 3.00-in. ID x 29-in. long dummy are
measured between the plenum test station 3 and the test station
1-0 just downstream of the first assembly spider. The exit loss,
Ce, was determined from measurements between test station 3-10,
just upstream of the end of the third fuel assembly, and the exit
plenum, test station 22.

All coefficients were calculated from the equations determined
from the general energy equation using an approximation of adlabatic
expansion or compression between test points. Details of the
derivaf%?ns of the equations were present in Section I of this
report and will not be repeated here. The equations are:

v \

Ce = entrance loss = 2] P \ k-1
Go ‘ '

and,

2
Co = exit loss = 2+ 2

11
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Cs (14" section) = . E—Tr—y"»ﬁE:T~fi F1y |
- Go \CLa Tl L S
(3)
/ \ 2/k
fPo
+ ; -1
VL

(%)

Cs",(full length) = (same as Cg)

Subscript 1 refers to upstream stations, and subscript 2 refers to
downstream station for each pair of test stations involved.

It was necessary to use the above four formulas to account
for the compressibility effects of the air in the low pressure
loop. For the actual reactor calculations, in which the system
pressure is sufficlently high to cause the pressure ratio between
test stations to be essentially unity, the coefficients can be
used with little or no error in the conventional simple formula
for non-compressible flow:

(_;_\, |
2g /

The acceleration effects of temperature change would have
to be added in the reactor pressure loss cases a?d is not included
in the scope of this series of tests. Study 115 5) is suggested
for this aspect of the pressure loss.

(5)

The table of Results, Page 5, lists the four coefficilents Cg,
Cs', Cc and Ce at a Reynolds Number of 50,000 offer a convenilent
way of comparing the losses of the two spider and three mid-length
spacers designs. The table a1?8~includes the results, taken from
the Title I report (Section 1)t ), of two assemblles for comparison
purposes., The two cases were for the Title I spiders modeled
from SK-FF-104 without any mid-length spacers and for the 45°
helical mid-length spacers, Drawing SK-FF-136. Both cases used
a 3.016-in. ID sleeve bore and a 2.00-in. BC spacing of outer

fuel elements.
axial length in the center portion of
mid-length spacers, was multiplied by
obtain an equivalent loss coefficient
tube cluster for each test setup. By
equivalent loss coefficients from the
coefficients, the added losses due to
isolated and shown as coefficients C
the last two columns of the table of
Results, Page 5.

12

The friction factor, f, determined along the 14-in,

the fuel element without
appropriate L/De values to
for the friction loss of the
subtracting the resulting
approprlate Cg and Cg' loss
spacers and spliders were

(spider) 279 C(spacer) 1n



The normal expected problem of isolating close coupled
losses aggravated by attempts to break out the friction component
is apparent to a mild extent as evidenced by a close look at the
table. For example, the C(spider) coefflcient which includes the
same end spiders as those used 1n Tests 6 and 7, would be
expected to offer the same logs coefficient. The second type of
spiders used for both Tests 8 and 9 should also offer duplicate
spider pressure loss coefficients. However, it can be seen that
when the exit loss coefficients stations are preceded by the
Mod. II spacers at the center of the fuel element, the resulting
coefficients are about 0.04 velocity heads (8%) greater than
compared to when either the Mod. I or Mod. IV spacer preceded
the exit loss stations. This can be attributed to the location
of test station 3-10, located 5 inches behind the mid-length
spacers, which is in a region still affected by the turbulence
of the mid-length spacers., The error of such a reading, if it
actually exists, would be essentially compensated provided all
of the loss coefficients used in any future analysis are taken
from the same run. It was with this thought in mind that the
final assembly arrangement Number 9 was made which tested the
chosen Mod. I spiders in an assembly with the chosen Mod. II
spacers.

The mechanlcal accuracy of tefg results has been estimated
to be 4% as cutlined in Section I(1) based on the following

tolerances:

a. Ds *0.001"
b. dt *o0.001"
¢c. T @gas temperature +50 F

d. P gas pressure 10.1" Hg
e. L *1/32"
f. Orifice diameter +0.0002
g. Orifice flange, ID *0.004"
h. Coefficient of discharge +1.00%

1. Orifice expansion factor (depends
on ratio of orifice to flange ID) 10.0045%

J. Velocity of approach (depends on
ratio of orifice to flange ID) 10.09%

k. Manometer reading +0.6% at high flow
+0.3% at low flow

13




By applying the extremes of the above tolerance factors
directly into the equations for flow and pressure drop readings,
a prediction of basic data accuracy is 5.25% at high flow and
5.9% at low flow. This would assume that all tolerances occur
at their peak value and in a direction so as to enhance the
resulting error to 1ts greatest magnitude. By application of
te more subtle square root of the sum of the squares law, the
range of prediction of accuracy would reduce to approximately
2.0% at the high flow and 2.1% at the lower flows.

The latter approach might be considered optimistic whereas
The strict multiplication of factors would be considered very
pessimistic. Therefore, a reallstlic value of 4%, which is a value
between the two methods, is predicted for basic data error.

Consideration must also be given to the reliability of the
application of the derived formula for compressible flow coeffi-
cients which offers values at Reynolds Number of 50,000 approxi-
materly 5% below that of the application of the basic data in
incompressible formula. Exactness of the formulas will probably
continue to leave some area of doubt, however, the incompressible
formula treatment would be recognized as an unquestionable upper:
limit for the coefficients. Since application of other processes
offered answers within 1% of those of the adiabatic treatment used
in this report, an accuracy of the expansion effect on coefficients
of 80% is suggested or a net effect of +1% on the actual coefficient
value. Adding the full 1% to the basic 4% value, results in the
prediction of an over-all test point accuracy of TB%.

14
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X. NOINERCLATURE

A

Cspacer

Cspider

16

Coclant flow area, ££2

3pecific heat of coolant at constant volume,
Btu/1b-OF

Entrance contraction coefficlent, dimensionless

Ex1t expansion coefficient, dimensionless

"Apparent added pressure loss coefficient due to

mid-length spacers, dimensionless

Apparent pressure loss coefficlent caused by one
palir of spiders and space between adjacent fuel
element, dimensionless

Pressure loss coefficient of 14" axial length of
center of fuel assembly, dimensionless

Pressure loss coefficient of fuel length of one
fuel element assembly, dimensionless

iEquivalent diameter for flow, ft

dimensionless
2

Moody friction factor,
Conversion factor, ft-1b/lb-sec
Total energy loss, ft

Ratio of specific heat, cp/cv, dimensionless
Friction length, ft

Mach number, dimensionless
Static pressure

Gas constant, ft/CF

Coolant temperature, Op

Internal energy of coolant, ft



n

v
/<

v =
Z

Subscripts

1 =

Coolant velocity, ft/hr
Coolant density, 1b/ft3
Specific volume of coolant, ft3/lb

Ligament ratio

The upstream station of 2 stations between which
pressure drop is being considered.

The downstream statlon of 2 stations between which
pressure drop is being consldered.
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Pressure Drop Data Curves




> INDEX FOR PRESSURE DROP CURVES

Fuel Assembly Components
Figure Mid-Length Test
No. Title Spacers Spiders Sleeve Symbol
1 Inlet & Exit Coefficient, C‘:&Ce-vs-NRE Mod |l Title | Title | 6
2 Same as (1) Except 2nd Ass'm Rotated 30° (SK-D-161) Production Production (Runs)
3 Fuel Assembly Coefficient, Cs& C; -vs-NRE Straight Vanes Run of Run of 269 to 314
4  Same as (3) Except 2nd Ass'm Rotated 30° 60° Pad SK~-MS-384 SK-MS-15
5 Inlet & Exit Coefficients, Cc& Ce-vs-NRE Mod | Title | Title | 7
6 Same as (5) Except 2nd Ass'm Rotated 30° (SK-D-162) Production Production (Runs)
7 Fuel Assembly Coefficients, Cs& Cs'-vs-NRE 30° Helical Run of Run of 315 to 344
8  Same as (7) Except 2nd Ass'm Rotated 30° Vanes - 30° Pad | SK-MS-3&4 SK-MS~15
9 Inlet & Exit Coefficients, Cc& Ce-vs-NRE Mod IV Mod | Title | 8
10 Same as (9) Except 2nd Ass'm Rotated 30° (SK-D-161) (SK-D-163) Production (Runs)
11 Fuel Assembly Coefficients, Cs& Cs'--vs—NRE Straight Vanes Run of 345 to 389
12 Same as (11) Except 2nd Ass'm Rotated 30° 30° Pad SK-MS-15
13 Inlet & Exit Coefficients, C_&C_-vs~Np. Mod 11 Mod | Title | 9
14  Same as (13) Except 2nd Ass'm Rotated 30° (SK-D-161) (SK-D-163) Production (Runs)
15 Fuel Assembly Coefficients, C’& C;-VS-NRE Straight Vanes Run of 385 to 414
16 Same as (15) Except 2nd Ass'm Rotated 30° 60° Pad SK=MS-15
NOTE: Sleeve ID = 3.0002 in., Tube OD = 0.750 in. and Tube

Spacing BC = 2.000 in. on all assemblies.
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