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5.

4.2.2

1.

g

.3

SYSTEM REQUIREMENTS

4.2.1 Material: Material used in the fabrication of a water flow stand should be of the best commercial quality

suitable for the purpose. All surfaces that are in contact with the water should be corrosion resistant.
The adapters, because of their size, may be aluminum, but should be hard anodized per AMS 2469 or
equivalent to prevent corrosion and general handling damage. Any burrs or evidence of corrosion should
be removed as soon as noticed to enhance the concept of providing a smooth and continuous surface for
water to flow over and prevent turbulence. '

Cleanliness: Turbine nozzles should be cleaned before water flow testing. Water cleanliness should be
maintained by periodic draining of all the water and cleaning residue from the tanks. Recommend that
water be changed and tank wiped down every 2'to 4 weeks. Longer periods will permit scum to form and
cause level sensing devices (float switches) to become sluggish and erratic. When new water is added,
chemical additives may be added to inhibit algae growth and to increase the operating periods between
cleaning. Sodium nitrite may also be added to reduce staining and corrosion.

Water Flow Stahd Concept (See Fig. 1 for Schematic):

The stand shall be sized so that the minimum running time is at least ten seconds for any given turbine
nozzle.

Height to diameter ratio approaches point of diminishing returns. ~Volume of water shoulld be capable of
flowing through the nozzle for at least 10 seconds so that accuracy‘of time readings below the + 0.1
second level would not lead to measurement problems.

The repeatability of the system shall be + 0. 15% for any nozzle tested and should be determined by a
minimum of three tests per nozzle. The correlation between stands shall not exceed +0./30%.

Provision shopld be made for suitable adapters and\fixtures to permit testing a wide siz¢ range of nozzles
on the same tgnk. See paragraph 5.2 for Standard Tank Flange Design.

The cleanlinegs of the water should be maintained by continuous filtering and by periodic|flushing and
draining of thg entire system. See paragraph 4.2.2 for additional cleanliness requirements.

Baffles should be provided in the lower portion of the tank to prevent the formation of a ortex.
Provision for p "dwell" period, should be made after water is pumped into the tank to elithinate "frothing"
and still the wpater. The initial water level above the top level switch should repeatedly be the same and

high enough to| permit fill)opening of the bottom doors before the timer starts the count.

Provisions to pontrol‘water temperature between 68° F and 80°F (20°C and 27°C) in order to insure re-
quirements specified in 5. 1. 3.

5.2 Standard Tank Adapter Flange Design:

5.2.1 The conical section of the head tank should be equipped with two standard mounting flanges. The upper

mounting flange (See Fig. 3) should permit adaptation of nozzles up to 200 sq in. (1290 ¢m“) in area
with an outside diameter up to 35 in. (889 mm). A transition conical section should mate with the upper
mounting flange and reduce down to the lower mounting flange (See Fig. 2).

The lower mounting flange should permit adaptation of nozzles up to 120 sq in. (774 cm2 ) in area
with an outside diameter up to 20 in. (508 mm).

5.2.2 Figures 2 and 3 provide dimensional details of the standard mounting flange configuration.

Nozzle Adapter and Fixture Design Considerations:
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"STILLING" ﬁ \
LEVEL ko)

SWITCH

LEVEL — - - - - -
SENSING —_———
DEVICES - - -

4 BAFFLE PLATES
- —/ SP. 90° APART

UPPER MOUNTING
FLANGE

LOWER MOUNTING
FLANGE -

,CQI ADAPTER \.-q_
PLATFORM SHOWN-IN )
1

RAISED POS. N1 rrures l
PUMP

SUMP TANK L :

FIGURE 1 . WATER FLOW STAND CONCEPT
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.375-16 UNC-2B THRU 4

HOLES EQ. SP. ON A 23.000
{584.20 @) DIA. B.C. LOC. WITHIN
.01 {.25) OF TRUE POS.

60° REF

ARP 106 7A

1.000
(25.40) !
MIN
.;_ i
.540 J . —  20.500 : .2507(6.35
480 52070 §)DIA REF. .12003.05
(13.72) 2
012.19) 24.015
[« _24.005_
(609.98 DIA,
(609.73 2 |
25.020 (635.51 .
24.980 (634.49 # } DIA:
FIGURE 2 - LOWER MOUNTING-FLANGE
—— -375-16 UNC-2B THRU 8 HOLES
ED. SP. ON A 38.000 (965.20)
DJA. B.C. WITHIN .02 (.51) OF
TRUE POS.
60° REF.
1.500
(38.10)
MIN FLANGE
- SST TYPE
i 304 L
' AMS 55/ |
‘520 J O, UUU —.I
f DIA. REF. N—.250 (6.
480 (914.40 @) 50 :g gg: CHAM
(13.21) 39.538 :
(12.19) 39500
(1004.32 DIA. g
(1003.30 #
40.540 (1029.72
40.500 (1028.70 ¥} DIA.—

FIGURE 3 - UPPER MOUNTING FLANGE

NOTE:

CHAM

Dimensions shown in inches {millimetres).
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The adapters and fixtures from the tank mounting flanges to the turbine nozzle should be designed so that
the inlet surfaces are smooth and continuous. Fig. 4 depicts typical mounting arrangement for turbine
nozzle and adapters.

-5-

-3.1.1 If the included angle of the funnel shape is too large, the flowing water may create a vortex condition
at the nozzle which will lengthen the time (Te) it takes for the head of water to flow thru the nozzle.

This would result in an incorrect nozzle area caleculation.

Fixture to hold the turbine nozzle may not permit its I. D. to protrude into the path of inlet or exit water
thru the nozzle partition. This could cause a vortex condition at inlet and back pressure at the exit.
Both conditions would lengthen (Te) and again calculates into an erroneous area.

Center of nozzle should be plugged by a dome (usually at inlet flow side) whose height to diameter ratio is
taken ca i trs: ts— i 1 flow over a smooth
and continuous surface at all times.

The clamp plate that secures the dome to the nozzle should not protrude into the path of water. Turbul-

ence and|erroneous readings of (Te) would result.

For certain nozzles it may be necessary to control the lower adapter)surface contoyr in order to obtain
repeatable flow results. Contour variations below the lower lip of the outer band cdn cause flow time

The exit diameter of the lower fixture must be controlled so as not to prevent a free fall of
t has passed the trailing edges of the partitions inthe nozzle.

The vertjcal distance from the nozzle trailing edge plane to the flow stand lower mo unting flange surface
should be called out as distance "Y". It is based on.hozzle position in this fixture ahd once established
should rdmain constant for a given turbine nozzle:\Where the distance "Y" appears |on a product drawing,
it is a value established for a particular design Stand used for the initial testing of the nozzle for deter-
mining flbw characteristics (effecttve area). “As stands vary in geometry, so must the "Y' value for any
particulap nozzle and must be determined by’correlation studies with a known systemn.

NS

.5.1 Level sensing device A (Fig. 1) to be positioned to indicate flow time for largest orifice (part no. 02)

8

.9 Design of

In generall, turbine nozzle sector areas should not be flow checked individually excej
pacity exteeds the capacity of the flow stand. Split nozzles should be flow checked 4

Provisiof
sawcuts,
plugging

Plastic ¢

s should be made for,plugging all extraneous holes such as AIR impingeme
horizontal splits{ torque pins and hollow nozzle partitions. The provision
pach hole individually as long as the outer and inner flanges or bands are aj
pated tape is adequate in most cases.

each fixture or adapter should be such as to prevent water leakage at adap

bt where the flow ca-
ssembled.

nt starter manifold,

5 need not consist of
bpropriately sealed.

ter and flange joints.

Standard Ofrifice Plate Design:
1

-1 The critical dimensions and flow time of the standard orifice plates are defined in Fig. 6. The orifice
plate should be assembled in the flow stand with surface "C" facing up. Vertical drop "X" shown on

Fig. 5 once established should remain constant for a given orifice or test stand.

-2 Orifice plate design should be such that it will fit into the same adapters used to test the turbine nozzle.

See Fig. 5 for typical mounting arrangement.

Level Sensing Devices:

specified as nominal flow time in Fig. 6.

An orifice correction factor (k) (par. 7.2.1) to be established for other orifice flow times to preclude

resetting level sensing device.
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SURF C

7

7,

2

77

/
|

1<

DO NOT BREAK CORNERS —
MUST BE SHARP CORNERS
.000 - .002 R. FREE FROM BURRS

(.00 - .05}

NOTES: 1. FINISH \IVON SsurF C &'D

2. HARDNESS OF SURFC\& D TO BE AT LEAST RC 45
3. OUT OF FLATNESS\OF SURF C NOT TO EXCEED .003 (.

\ 45°C30"

44°.30

D8)

-_-_-:_A_ + .002 (.05)

H____B__t .005 {.13)

.NOZZLE AREA RANGE

NOMINAL FLOW TIME
Ts +.15%

PIART NO.
Inches MiHimeters Inches Millimeters Inches 2 Centimetres 2
01 4.400 111.76 .096 2.44 0-50 0 - 3225 119.0 sec
02 12.073 306.65 .160 4.06 50-100 322.5- 645 15.7 sec
03 14.600 370.84 .200 _ 5.08 100-150 645 - 967.5 —
04 15.500 393.70 250 6.35 150-200 967.5 - 1290 —

FIGURE 6 - ORIFICE PLATE DESIGN
CONFIGURATION
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FLOW STAND OPERATING CYCLE

As - effectivie orifice area noted on drawing

Ts ~ flow time measured in the/relevant flow stand through the
stanflard orifice

Te - flow time measuredin the relevant flow stand through the
actupl part being inspected.

6.12 Example of Flow|Cheek Calculation:

6.
6.1 Seal off the nozzle openings and attach the dome and back-up plate. Position the nozzle assembly into the
holding fixtures with partition leading edge facing "up". Place the adapter on top of the fixture.
6.2 The assembly is aligned under the tank mounting flange and raised into position.
6.3 The trap doors close.
6.4 The pump returns the sump water to the head tank.
6.5 The pump is shut off when a pre-determined level near the top is reached. (Approximately 12 in. (305 mm)
above the top level sensing device A,)
6.6 After a dwell tinle, the trap door is opened and the outflow of water starts through the tufhine nozzle
(or orifice).
6.7 The water level flrops past level sensing device A which starts the timer.
6.8 The timer is stopped after the water level drops past the second level sensing device B.
6.9 The cycle may bg repeated before the assembly of adapter and fixtureis)lowered and the ndzzle removed.
6.10 Calculations of effective nozzle area should be performed to 0. 001 5q in. (. 0064 cm2) significance based on
flow times recorlded.
6.11 Turbine Area Mgasurement: The effective area of a turbine hozzle is defined as:
T
Ae = K ASTe 2
g
where:
Ae - effectivie area (inches squared or centimetres squared) of nozzle on test
K - test stand correlation factor '

AS TS
Te

Ae= K

As =9.512 sq in. (61.371 cmz) corrected orifice area

Ts = 118.17 sec. (determined per paragraph 7.2)

Note: Average Ts obtained from a periodic check per paragraph
7.3 =118.20 sec. 118.20 sec. is within 118.17 + 0.15%,
use 118. 17 in calculation.

Te readings: 46.592, 46.692, 46. 461 sec. obtained in nozzle runs.

Average Te = 46.582 sec.
K = 1.0 (determined per paragraph 8.1.3)

9.512 x 118.17

Ae 46.582

=1.0 = 24.130 square inches.

46.582

(

=1.0 61.371 x 118.17 = 155.68 cm

)
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7.

7.1 The effective area "As'is based on a knowledge of the desired flow time limits ""Te', the effective area "Ae"
and the flow time "Ts'" achieved with the standard orifice plate. This constant would be the same regard-
less of where a partisflow checked. Fig. 7depicts typical stepsindetermining "As'as a corrected orifice area.

7.1.1 The most important assumption necessary to water flow checking is that the ratio of incompressible to
compressible flow coefficients be a constant for a fixed geometry. The system provides a measure of the
incompressible nozzle effective area, while the compressible nozzle effective area is determined in the

7.2

7.2.1 The k; fdctor for correcting "Ts" is determined as follows:

g

-9-

ARP 1067A

Drawings limit Ae = 23.37 - 24.09 sq in. (150.78 - 155.43 om>).

Part does not meet drawing limits - troubleshoot the stand or rework nozzle as required.

SYSTEM PROCEDURE

engine ddring operating conditions where the nozzle exil mach number may vary 1ro

The value

average off these tests defines the nominal value of "Ts" which will be used to,ealcula
Thg
the applicqtion of an orifice correction factor (k).

area.

The value

The allowgble variation is + 0. 156% about the nominal determined in 7.2. When "Ts"
and a trenf is indicated, a new nominal may be'established with prior approval of pui

inal may dlso be established if adjustments to)the level sensing device fail to return the Ts to its original

value.

The Te vallue obtained from the test ‘nozzle may be a single run or it may consist of t
runs. A dingle run is permissible if the maximum variation of a group of five readin

of the full

After turbiine nozzle effeétive area has been established, add the effective orifice an

plate size

vary for efach nozzlé désign, but they also vary with each flow stand design.

of:
(a) stand
(b)
(c)
(d)

Changes in the parameters will result in changes in flow time Te. For repeatability in any one stand, or

average value of "Ts" is to be adjusted to the flow time specifiédas nomi
It would be adjusted‘only as spec

Nominal Flow Time Ty (Table 6)
Average Time Tg (Par. 7.2)

ky =

of "Ts" should be checked periodically. An-average of 3 successive flow t

reading.

and ""Y" dimiension to turbine nozzle drawing for control of system. "Y"d

of "Ts' would be initially established by a minimum of 10 actual tests(of the orifice plate. The

exceeds these limits,
rchaser.

he average of up to five
os is less than 0.10%

ea (As), orifice

0.8 to 1. 05.

e effective nozzle
hal in Fig. 6 table by
ified in paragraph 7. 3.

mes may be used.

A new nom-

mensions not only

When watdr flow.garameters have been established for a particular nozzle, it constithites a system consistingﬂ

geometry

orifice (including "X'" dimension})
fixtures (including dome and "Y' dimension)
gasketry and design features to minimize secondary leakage

correlation between stands, conditions must remain the same or compatible.

.1 For any stand, the orifice plate reading is the best measure of the repeatability of the stand itself.

.2 For any nozzle with its fixturing and gasketry, etc, a master nozzle with known area can be used to check

out the entire system on a periodical basis.

stand.

3 A master nozzle is one that has nominal area as determined or selected by Prime Contractors Quality
Control Engineering. A master nozzle of the size and type being checked must be available at each test
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