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ABSTRACT ‘

‘Performance characteristics of two multiple-ring diffuser i
eductors were determined from collected data. The performance
characteristics of a five ring diffuser model were compared
with a geometrically similar model tested in cold flow. Model
similarity for comparison was maintained through the Mach
number.

Both models were tested in a turbulent cross-flow simula- f
ting a 29.5 knot relative wind. Minor improvement in the
pumping coefficient was seen to occur when cross-flow was
introduced.

External surface temperature measurements along the model
assembly were recorded by two methods for comparative analysis.
The effect of cross~flow is seen in a significant surface
temperature reduction in the shroud assembly while apparent
degradation of film cooling effectiveness at the diffuser

rings resulted in minimal temperature change.
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I. INTRODUCTION

The increased introduction of marine gas turbines into
naval ship propulsion plants has presented several problems
associated with the attendant high mass flow rates and esca-
lating operating temperatures presented by these units.
Exhaust gas temperatures above 90C degrees Fahrenheit
develop an exhaust plume with an intense infrared signature
providing a target source for heat seeking offensive weapons.
Additionally, these high temperatures can significantly
degrade the performance of mast mounted electronic equip-
ments, and provide an undesirable environment for helicopter
operations.

Investigations conducted at the Naval Postgraduate School
have shown considerable promise in alleviation of these
problems by reducing the exhaust gas temperatures through
the use of multiply-shrouded eductor systems which induce
both secondary and tertiary air into the primary flow stream
under turbulent conditions. Significant temperature reduc-
tions have been realized with this relatively simple appara-
tus with latest developments resulting in both size and
weight reductions. It is important to note that these temper-
ature reductions have been achieved without an unacceptable

degradation of engine performance.
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The gas eductor system has proven more feasible than the
alternatives of water injection or energy recovery systems
(when specifically utilized with the main propulsion engines).
It should be noted however that significant promise exists
for an energy recovery system such as RACER (Rankine Cycle
Energy Recovery) which is currently receiving some interest
for installation in the follow~on ships of the DDG-51 class.

The mixing process under the turbulent conditions en-
countered in the gas eductor is complex and not well under-
stood although significant research efforts are being directed
at a better understanding of the phenomenon. Dividing
operation of gas eductors into three regimes on the basis
of Mach number, the first regime (M>1.0) becomes of interest
in applications such as thrust augmentation for afrcraft and
rocket engines, the second regime (0.4<M>0.6) is especially
relevant to thrust enhancement in Vertical Takeoff or Landing
(VTOL) aircraft, and the last regime (M<0.2) is the range of
interest in dilution cooling of engine exhaust glows. This
latter regime is of direct interest to this research and

that of ongoing research at the Naval Postgraduate School.
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II. BACKGROUND

Naval combatant vessels having marine gas turbine pro-
pulsion units currently utilize simple gas eductor systems.
The design of gas eductors for destroyers of the DD-963 |

class was guided by Charwat [Ref. 1] at the University of

California at Los Angeles and uses a solid wall mixing stack
which re” "2s on the length of the mixing stack to provide
complete mixing. Initial investigations at the Naval '
Postgraduate School, which began 1in 1976, involved deter-
mination of the effects of various parameters on the pump-
ing and mixing performance of gas eductors. The ultimate
objectives of both past and present research is to effect
reductions in the size and weight of the fabricated eductor
structure while optimizing eductor performance specifically

in terms of plume temperature and stack surface temperature.

A. THE TEST FACILITIES

To carry out the aforementioned research objectives, two
test facilities have been constructed. The first facility,
the "cold flow" facility, readily permits rapid evaluation
of a wide variety of eductor configurationms. 1Its primary
benefit is the expediency of data collection resulting from
easily fabricated models which to not undergo high tempera-

tures in the teating cycle. Additionally, inexpensive

By A
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materials afford evaluation of numerous models at minimal
cost. The second test facility, the "hot flow" facility,

is designed to test models at actual operating temperatures.
In addition to confirming the pumping characteristics of
geometrically similar models tested in cold flow, it provides
the needed data on exhaust temperatures and stack surface

temperatures.

B. INITIAL INVESTIGATIONS AT NPS

The initial investigation of gas eductor performance at
the Naval Postgraduate School was undertaken by Ellin [Ref.
2]. This work was based on a simple one dimensional gas
eductor model developed by Pucci [Ref. 3], Testing three
basic eductor geometries, Ellin attempted to determine the
effects of varying the area of the primary jet with respect
to the area of the mixing stack. Ellin verified a correla-
tion between dimensionless parameters representing the
pressure depression in and the induced flow from a secondary
environment by the eductor. These parameters were suggested
by a one dimensional analytic model. Ellin's work was
followed by Moss [Ref. 4], and Harrell [Ref. 5].

The work of Ellin, Moss, and Harrell was conducted ex-

clusively in the cold flow facility, and it was considered

§
B

esgsential that actual operating conditions be investigated
to verify these results. Ross [Ref. 6] undertook the actual

construction, calibration, and test verification of the hot
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flow test facilty. Under the recommendations of the previous
researchers, Welch [Ref. 7] conducted the initial hot flow
testing using a four nozzle, solid walled mixing stack

eductor.

€. IMPROVEMENTS IN MIXING STACK CONFIGURATION

Reports of significant pressure depression throughout
the length of the original straight, solid walled mixing
stacks suggested that additional, or tertiary flow could be
induced into the mixing stack along its length. Additionally,
it was considered that this flow could be used to reduce ex-
ternally detectable surface temperatures by means of film
cooling. Staehli and Lemke [Ref., 8] investigated the use
of cooling ports in the mixing stack at the cold flow facility
to determine its potential.

Hill [Ref. 9] followed Welch in hot flow testing and con-
sidered the performance of a slotted mixing stack under actual
operating parameters. Eick [Ref. 10] and Kavalis [Ref. 11]
conducted follow-on research in the hot flow test facility
using the slotted mixing stack with multiply-shrouded eductors
and observed excellent results confirming the cold flow

analysis.

D. CURRENT OBJECTIVES
The objectives of this investigation were to verify the

high temperature performance of an eductor configuration
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tested by Pritchard [Ref. 12] in the cold flow facility,
conduct calibration of the entrance nozzle for more accurate .
determination of air mass flow rates, and determine the '

effects of turbulent cross-flow on eductor performance. |
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III. THEORY AND MODELING

Eductors are relatively simple devices in which a jet of
fluid (primary jet) is directed into a co-axial mixing chamber
in such a manner that a volume of secondary fluid becomes en-
trained in the flow and a pumping action occurs. The fluids
may be in liquid or gaseous form, or a combination.

The eductor described in this research is used to pump
gases at relatively low velocities. Of specific considera-
tion is the ability of a relatively hot primary gas jet to
entrain and mix with a cooler ambient fluid (air) to produce
a uniform flow at some desirable intermediate temperature.
Mach number similarity has been chosen as the link in dynamic
similarity between the primary gas flow rates of the models
and the prototype. Dimensionless parameters controlling the
flow are used throughout the analysis. These parameters were

derived from a one-dimensional analysis of a simple eductor.

A. MODELING TECHNIQUE

Based on the average flow properties of the eductor proto-
type, the air flow in the mixing stack eductor system is
turbulent (Re>105). As a consequence of this turbulence,
momentum exchange is predominant over shear interaction, and
the kinetic and internal energy terms are more influential

on the flow than are viscous forces. It can be shown that
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the Mach number is a more significant parameter than Reynolds
number in describing this turbulent flow; therefore, as
stated previously, it is the Mach number which has been
maintained to more accurately represent the primary flow

relationship between prototype and model,

B. ONE-DIMENSIONAL ANALYSiS OF A SIMPLE EDUCTOR

The theoretical analysis of an eductor may be approached
in two ways. One method attempts to analyze the details of
the mixing process of the primary and secondary air streams
as it takes place inside the miximg stack. This requires an
interpretation of the mixing phenomenon which, when applied
to a multiple nozzle system, baecomes extremely complex. The
other method, which was chosen here, analyzes the overall
performance of the eductor system and is not concerned with
the actual mixing process. To avoid repetition of previous
rep;rts only the main parameters and assumptions will be
presented here. A complete derivation of the analysis used
can be found in [Ref. 2]and [Ref. 3]. The one-dimensional
flow analysis of the simple eductor system (Fig. 1) described
depends on the simultaneous solution of the continuity, momen-
tum, and energy equations coupled with the equation of state,
all compatible with specific boundary conditions.

The idealizations made for simplifying the analysis are
as follows:

1) The flow is steady state and incompressible.
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2) Adiabatic flow exits throughout the eductor with
isentropic flow of the secondary stream from the plenum
(at section 0) to the throat of entrance of the mixing
stack (at section 1) and irreversible adiabatic mixing
of the primary and secondary streams occurs in the mixing
stack (between sections 1 and 2).

3) 1Isentropic flow of the tertiary flow exists from the
tertiary plenum to the minimum area at Section 2, with irre-
versible adiabatic mixing of the flows between Sections 2
and 3.

4) The static pressure across the flow at the entrance
and exit planes of the mixing-tube (at sections 1 and 2) 1is
uniform.

S) At the mixing stack entrance (section 1) the primary
flow velocity U_ and temperature '1‘p are uniform across the
primary stream, and the secondary flow velocity Ug and temper-
ature Ts are uaniform across the secondary stream, but Up does
not equal Us’ and Tp does not equal Ts.

6) At Section 2, the mixing of primary and secondary
air has an average velocity, Ux’ and an average temperature,
Tx.

7) Incomplete mixing of the primary, secondary, and
tertiary streams in the mixing stack is accounted for by
the use of a non-dimensional momentum correction factor Km
which relates the actual momentum rate to the pseudo-rate

based on the bulk-average velocity and density and by the
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use of a non-dimensional kinetic energy correctionm factor Ke
which relates the actual kinetic energy rate to the pseudo-
rate based on the bulk-~average velocity and density.
8) Both gas flows behave as perfect gases.
9) Changes in gravitational potential energy are negligible.
10) Pressure changes PO to Pl, P to P2, P1 to PZ and

s ot

P2 to P3

that the gas density is essentially dependent upon temperature

(=Pa) are small relative to the static pressure, SO

and atmospheric pressure.
11) Wall friction in the mixing stack is accounted for

with the conventional pipe friction factor term based on the

bulk-average flow velocity Un and the mixing stack wall area
A .
w

The following parameters, defined here for clarity, will

be used in the following development.

_P ratio of primary flow area to mixing stack
AM cross section area

ﬁﬂ ratio of wall friction area to mixing stack
AH cross sectiomnal area

KP momentum correction factor for primary mixing
KH momentum correction factor mixed flow

f wall friction factor
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Based on the continuity equation, the conservation of

mass principle for steady flow yields

WM = WP + ws + WT (eqn 3.1)
where

Wp = PplUphp

Wg = Pglghg

Wp = PpUphy

WM = DMUMAM (eqn 3.2)

All of the above velocity and density terms, with the

exception of oy and UM’ are defined without ambiguity by

virtue of idealizations (4) and (5) above. Combining equa-

tions (3.1) and (3.2) above, the bulk average velocity at
the exit plane of the mixing stack becomes

W+ W +W
s t  'p

U =
M pMA

(eqn 3.3)

M

where AM is fixed by the geometric configuration and

(eqn 3.4)

P
o, = -2
M RTM

where ’I‘M is calculated as the bulk average temperature from

the energy equation (3.11) below. The momentum equation
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stems from Newton's second and third laws of motion and is
the conventional force and momentum-rate balance in fluid

mechanics.

W U wSUS WtUt mem
K_(—2-B) + + (—=E) + pP,A, = + P.A, + F
p( 5, ) ( 5, ) ( g, ) 18 KM( - ) P2 2 fr
(eqn 3.5)

Note the introduction of idealizations (4) and (7). To
account for a possible non~uniform velocity profile across
the primary nozzle exit, the momentum correction factor Kp
is introduced here. It is defined in a manner similar to
that of Ky and by f{dealization (5), supported by work conducted
by Moss, it is set equal to unity,. Kp is carried through
this analysis only to illustrate its effect on the final
result. The momentum correction factor for the mixing stack

is defined by the relation

p,dA (eqn 3.6)

where U is evaluated as the bulk-average velocity from equa-
tion (3.3). The wall skin friction force F can be related

to the flow stream velocity by

) (eqn 3.7)
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using idealization (11). As a reasonably good approximation
for turbulent flow, the friction factor may be calculated

from the Reynolds number

F = 0.046 (Re ) 0-2

(eqn 3.8)
Applying the conservation of energy principle to the steady
flow system in the mixing stack between the entrance and

exit plane,

U 2 Us2 U:2

+ 2—) + W (h + =) + W (h, + —

wp(hp ch) s( s 2gc) t( t ch)
u 2

m
= wm(hm + Ke ch) (eqn 3.9)

neglecting potential energy of position changes (idealization
9). Note the introduction of the kinetic energy correction

factor Ky,which is defined by the relation

1
Ke = 7 [, Uz pqdA (eqn 3.10)

It may be demonstrated that for the purpose of evaluating
the mixed mean flow temperature gn,the kinetic energy terms

may be neglected to yield

“p s e
h, = h_ +=>—h 4+ — h (eqn 3.11)
m W P W, s W t q

vhere gn- O(hm) only, with the idealization (8).
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The energy equation for the isentropic flow of the
secondary air flow from the plenum to the entrance of the

mixing stack may be shown to reduce to

2

os s s
28, (eqn 3.12)

similarly, the energy equation for the tertiary air flow

reduces to

2
P .- P U
9 t . EE_ (eqn 3.13)
pt 8c

The previous equations may be combined to yield the vacuum
produced by the eductor action in either secondary or tertiary

air plenums. Letting P3 = Pm = Pa and assuming that

A3 = Am ~ Az

2 and 3 is negligible, the vacuum produced for the secondary

= Al and assuming the friction between sections

air plenum is

1 W : sz Am wtz
P, - P = K + —(1-1/2 —) + -
a os gchnm [ P Appp Asps As) Atpt
wm f Am
" Ry + 3 7] (eqn 3.14)
o m m

where it is understood that APand %,apply to the primary
flow at the entrance to the mixing stack, As and psapply to

the secondary flow at this same sectiomn, and Am and p, apply
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to mixed flow at the exit of the mixing stack system. P is
atmospheric pressure, and is equal to the pressure at the
exit of the mixing stack. Awi§ the area of the inside wall

of the mixing stack.

For the tertiary air plenum, the vacuum produced is

2 2

1 W oW W, A
P - B — +  — - —_— -
a " Por " 3ok K2 GOt g (L2 ) !
wmz
Ko oA ] (eqn 3.15)
m m

where the primary flow now consists of both the primary and
secondary air flows, and where Kzis the momentum correction

factor at section 2.

C. NON-DIMENSIONAL FORM OF THE SIMPLE EDUCTOR EQUATION

In order to satisfy the criteria of geometrically similar t
flows, the non-dimensional parameters which govern the flow
must be determined. The means chosen for determining these
parameters was to normalize equations (3.14) and (3.15) with

the following dimensionless groupings.

.p 08 a pressure coefficient which compares the

P* = ————35—— pumped head (P -P,g) for the secondary flow
UE to the driving head (Up2/2gc) of the primary
28c flow

pl-Pot a pressure coefficient which compares the

o]

PT* = :2 pumped head (P"Pot) f;r the tertiary flow
UE to the driving head (U /2;c) of the primary
ch flow
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W*

WT*

T*

TT*

o-ilm'-! Sln ﬂlmz

|

©
7]

O
(2

:»‘m»

>

a flow rate ratio, secondary to primary

mass flow rate

a flow rate ratio, tertiary to primary

mass flow rate, wt*

an absolute temperature ratio, secondary

to primary

an absolute temperature ratio, tertiary

to primary, Tt*

a flow density ratio of the secondary to
primary flow. Note that since the fluids

are considered perfect gases,

T
1
*.__2-_.- £ ]
Pg T, T T % P, ¥ P, and P % P,

a flow density ratio of the tertiary or film
cooling flow to primary flows. (Note that

since the fluids are considered perfect gases

T 1
p.* = <2 =)
t '1't T*

a ratio of secondary flow area to primary

flow area

a ratio of tertiary flow area to primary

flow area

With these non~dimensional groupings, equations (3.14) and

(3.15) can be rewritten in dimensionless form.
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kT *
wt T

pr L% e 2p t
— = - - *
7% " 2% {(Kp 5= B) - Wr(1+T*) o B + N
m m m t
2 1 Am ég
+ Wt T (55 (1 - EK;K—) -3 B )} (eqn 3.16)
] m
where
Aw
8 =K, + £, (eqn 3.17)
m 1
This may be rewritten as
P . C, + C, WK(T*+1) + C, W T + C w*2 T* (eqn 3.18)
T#* 1 2 3 4 "t 't qn -
where
A 2p -
¢, = 23 (Kp allry B, (eqn 3.19) |
m m
A 2
C2 = -Z(KR) g , (eqn 3.20)
m
e 2n 2p
Cy = 20~ (3,1 - 55530 B - 1 B}, (eqn 3.21)
m P m
1
and Ca = K:* (eqn 3.22)

The additional dimensionless quantities listed below have
been used in past research to correlate the static pressure

distribution down the length of the mixing stack.
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PMS a pressure coefficient which compares the

PMS = s pumping head (PMS/DS) for the secondary flow
2 2
U to the driving head (Up /ch) of the primary
ch flow, where PMS = static pressure along the
mixing stack length
X ratio of the axial distance from the mixing
D

stack entrance to the diameter of the mixing

stack

D. EXPERIMENTAL CORRELATION

For the geometries and flow rates investigated, it was
confirmed by Ellin [Ref. 2] and Moss [Ref. 4] that a satis-
factory correlation of the variable P*, T* and W* takes the
from

%; = @ (WkT*n) (eqn 3.23)

where the exponent "n"

was determined to be equal to 0.44.
The details of the determination of n = 0.44 as the corre-
lating exponent for the geometric parameters of the gas
eductor model being tested is given by Ellin. To obtain a
gas eductor model's pumping characteristic curve, the exper-
imental data is correlated and analyzed by using equation
(3.23), that is, P*/T* is plotted as a function of W*T*O‘Aa.
This correlation is used to predict the open to the environ-

ment operating point for the gas eductor model. Variations

in the model’'s geometry will change the pumping ability,
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which can be evaluated from the plot of equation (3.23). |

0.44 when P*/T* = 0 is referred |

The value of parameter W*T*
to as the pumping coefficient. Since the tertiary flow is
much less than the secondary flow, it has been demonstrated
by Lemke and Staehli [Ref. 8], and Drucker [Ref. 13] that

the pumping characteristic is relatively insensitive to

tertiary flow.

E. PUMPING COEFFICIENT

—— —— e e e e+ e ret—

The pumping coefficient derived from non-dimensional
parameters provides a basis for analyzing the eductor's
pumping capability. Changes in stack geometries such as
L/D ratio, slotting, shrouding, diffuser rings, and spacing
between stack and shroud, and between shroud and diffuser
rings will alter the eductor's pumping performance and the
pumping coefficient. The pumping coefficients for the model
should correspond to the coefficients for the shipboard
eductor system. At the shipboard operating point, the
eductor is exposed to no restrictions inthe secondary or
tertiary air flows. 1In the model, this is simulated by com-
pletely opening the air plenums which provides an open-to-

the-environment simulation. Unfortunately, at this condition

and secondary and/or tertiary air flow rates cannot be measured.
The eductor model's characteristics are first established over
the measurable flow range and then extrapolated to the desired

operation point. {
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The data for this extrapolation is established by varying
the associated induced air flow rate, either secondary or
tertiary, from zero to its maximum measurable rate. These
rates are determined by sequentially opening the ASME flow
nozzles mounted to the plenum and recording the pressure
drop across the nozzles. Values for nozzle cross sectional
areas, pressure drops, induced flow are temperatures, and
barometric pressure are then used to calculate the dimension-
less parameters P*/T*, and W*T*O’Aa. The dimensionless para-
meters are then plotted as illustrated in Figure 42. Data
point (1) is the maximum vacuum which is produced by the
eductor with no secondary flow, obtained by closing all ASME
flow nozzles. Data points in region (2) correspond to opening
most of the ASME flow nozzles and the final point corresponds
to opening all flow nozzles. Although the data points in
region 2 appear to be zero or nearly so, they do have a small
finite value. The uncertainty associated with these points
is relatively high with the data collected in this research
considered qualitively accurate to within +0.05 of the re-
ported value which was obtained via linear regression. The
data points in region (3) provide the most comnsistent and
accurate data. Extrapolation of the pumping characteristic
curve to intersect with the abscissa at P*/T*=0 locates the

appropriate operating point for the eductor model configuration.
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IV. EXPERIMENTAL APPARATUS

The test facility apparatus currently in use was designed,
fabricated, and installed by Ross [Ref. 6] and used by all
follow-on researchers for hot primary flow analysis. A Boeing
502 gas turbine engine combustor section and turbine nozzle
were used to construct the gas generator. Various components
of the engine's fuel system were modified by Ross to support
a simplified combustor layout. Air for combustion is supplied
by a Carrier centrifugal air compressor (three stage) which is
located in building 230 of the Naval Postgraduate School Annex.
The actual model testing and gas generator operation is con-
trolled from the hot test facility, building 249. Appendix A
provides detailed instructions for safe and proper operation

of the gas generator.

A. COMBUSTOR AIR PATH

Combustion air and cooling air supplied by the centrifugal
air compressor pass from the compressor discharge via under-
ground pipe between buildings 230 and 249. Air enters the
test facility through a vertical standpipe containing an eight
inch butterfly valve in parallel with a remote-manual bypass
globe valve (Figure 16). This butterfly valve is normally
closed with flow through the bypass valve being of sufficient
volume to operate the gas generator. Figure 7 is the layout

of the gas generator. At the top of the standpipe is a "T"

40

e c— . ———




connection. In one direction flow passes through an eight
inch butterfly valve and enters a short section of piping
which is used by the Aeronautical Engineering Department to
supply various experiments. The second arm of the "T"
supplies the combustion gas generator through an eight inch
to four inch reducing section (entrance nozzle). The flow
characteristics of this entrance nozzle were determined from
calibration data collected by this researcher and are pre-
sented in Appendix B. The pressure drop across this section
is used to determine the mass flow rate of air through the
gas generator assembly. A linear curve was fit to the data
of Table XXIX for use in data reduction programs. The corre=-
lation is presented in Figure 41. Air flow next passes
through a manual isolation valve and enters a splitter section.
In the splitter section, a portion of the air flow is
directed through the motor operated burner air control valve
and the U-tube to the combustor section. The flow character-
istics of this section as determined by Ross are presented
in [Ref. 6)]. The remaining air passes through the motor
operated cooling air bypass valve and enters the mixing
section. The mixing section was fabricated by Ross from
the nozzle box of the Boeing engine. A device was installed
in the nozzle box to introduce a swirl into the cooling air
which 18 counter to that produced by the nozzles. Hot gases

from the combustion section enter the mixing section through
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the nozzles and the effect of the counter-rotating flow is
to produce rapid and thorough mixing. Downstream of the
mixing section is a flow straightener which is followed by
an uptake section which delivers the gas flow to the primary

nozzles.

B. FUEL SYSTEM

l. System Arrangement

Service fuel is stored in a 55 gallon drum mounted
on an elevated stand adjacent to the building. Fuel flows
from the storage tank through a tank isolation valve to a
bulkhead isolation valve located inside building 249. A
tank stripping and drain connection is located in the supply
line outside the building. Adjacent to the interior bulk-
head valve is a thermocouple connection for measuring fuel
temperature. Fuel then passes'through the flow measuring
rotameter to a fuel filter. Taking suction on the filter is
a 24V DC motor driven fuel supply pump. This positive dis~
placement pump contains an internal bypass and pressure
regulating feature. Normal pump discharge pressure is 14-16
PS1G.

The supply pump provides positive suction head for
the high pressure pump. This pump has no internal bypass
and must be provided with an extermal recirculation loop
when in operation. Valves placed in the recirculation are

used to control the pump discharge pressure and thus, the

42




flow of fuel to the burner nozzle. Downstream of the recir-
culation connection is a system drain valve and a manually
operated discharge valve, Figure 25. From the discharge
valve, fuel is piped to an electrically operated solenoid
valve located at the entrance to the combustor.

2. Fuel System Flow Rate Measurement and Control

A Fischexr Porter Model 10A3565A rotameter is installed
to monitor fuel flow rate. Calibration was performed in place
by Eick using the fuel supply pump to discharge fuel into a
container for a fixed period of time. The quantity of fuel
discharged was weighed on a gram scale and the mass determined.
Flow rate was controlled using a needle valve at the pump out=~
let. Rotameter calibration data is given in Table I. Figure
40 plots fuel mass flow against rotameter reading. A linear

curve fit to the data results in the expression
WF = -3.076 + 0.4048 * ROTA (eqn 4.1)

Hill [Ref. 9] had recommended that the system's fuel
control valve be replaced with a needle valve to improve sen-
sitivity and control. The existing arrangement used a ball
valve mounted on the pump table as a fuel control valve. A
long mechanical linkage extended across the building to the
control station. Not only did this linkage seriously impede
access around the gas generator, but this arrangement made

accurate adjustment of the fuel flow difficult; therefore,
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a 3/8 inch stainless steel tubing was used to extend the high
pressure pump reclrculation line to the contrel station. The
ball valve was retained as the control valve and mounted on
the bench at the control station. This valve permits the
operator to rapidly select any degired operating pressure in
a single motion,

To increase the sensitivity of the fuel control valve,
a needle valve was installed in parallel with it close to the
high pressure pump, Figure 25. This valve, which is always
partially open, permits flow through the recirculation line
even when the fuel control valve is fully closed. Thus flow
through the pump is assured even when both the fuel control
and the pump discharge valves are closed.

This needle valve ("trimmer" valve) is used to estab-
lish the range of control for the fuel control valve. When
properly adjusted this system provides smooth operatiom over
a range of high pressure pump discharge pressures from 80 to
350 psig. Since the high pressure pump's maximum output
pressure is specified to be 375 psig, control is obtained
over most of the pump's useful range. Fuel pressure is
easily adjusted to within 5 psig of a desired setpoint and
with some care can accurately be varied in increments as

small as 2 psig.
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C. THE MEASUREMENT PLENUM

1. The Rear Seal

A flexible seal is installed at the rear wall. This
diaphragm seal is formed from a rubberized fabric. The fabric
is bedded in a layer of silicone sealant and clamped to the
uptake with a band clamp. A simjlar layer of sealant is
applied to the plenum rear wall and the seal attached with
a split clamping ring. Figure 18 is a view of the plenum
interior showing the finished uptake and the diaphragm seal.
The rear seal provides uniformity in uptake gas temperature,
with temperatures between the uptake mid-section and the pri-
mary nozzle now varying less than two degrees F.

2. The Forward Seal

The forward seal bulkhead is within the plenum and
seal plates are provided to clamp to the entrance section of
the mixing stack. A double O-ring assembly 1is utilized on
the outer circumference of the inlet to the mixing stack to
provide proper sealing.

3. Model Installation and Alignment

An adjustable support stand was designed and con-
structed to support the mixing stack assembly independently
of the seal plates. This stand facilitates model installa-
tion and alignment, Alignment 13 accomplished by mounting
the model on the stand, installing centering plates in each
end of the mixing stack and in the open of the uptake pipe,

and adjusting the stand until the alignment bar passes
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freely through holes in the centering plates. The alignment
apparatus can be seen in Figure 27. Standoff distance {is
then set by installing the straight primary nozzles on the
uptake and measuring the required distance from the nozzle
exit plane to the mixing stack entrance plane (the termina~
tion of the entrance radius -- 0.5 inch) using a combination
square. This adjustment normally requires no more than 0.125
inch movement of the model when a 0.5 standoff distance 1s
desired.

Due to the longitudinal expansion observed by Eick,
the installed standoff distance was modified from 3.5610

inches to 3.6875 inches to compensate accordingly.

D. INSTRUMENTATION

1. Temperature Measurement

Two types of thermocouple displays are installed with
each having the capability to accept eighteen (18) channels.
A type K display provides data on combustion temperatures,
uptake temperatures and mixing stack wall temperatures.
Table II gives the current channel assignments. The type T
display is used to measure inlet air, ambient air, fuel, and
shroud and diffuser temperatures. Table III gives the current
channel assignments. The display installation is shown in

Figure 12.

46




2. Pressure Measurement

Five manometers, shown in Figure 14, are installed
for gas generator operation and data collection. They
include a 20 inch water manometer for measurement of differ-
ential pressure across the inlet reducing section (DELPN),
an oil manometer (range 0-17 inches water) for measuring
uptake pressure (PUPT), a 20 inch mercury manometer for mea-
suring inlet air pressure (PNH), a 2 inch inclined water mano-
meter used to measure tﬁe differential pressure across the
burner U~-tube (DELPU), and a 6 inch inclined water manometer
connected to a distribution manifold. Five individual mani-
folds located in the main control panel (Figure 13) are inter-
connected to permit measurement of plenum and mixing stack
pressures with respect to atmospheric pressure. Mixing stack

pressures both above and below atmospheric can be displayed.

E. THE MODELS

Two eductor models were tested. Both models were tested
with and without a cross-flow., Each model consisted of a
primary nozzle plate mounted on the end of the uptake piping
and a mixing stack, shroud and diffuser assembly. Character-
istic eductor dimensions are given in Figure 6. 1In both
models tested the mixing stack interior diameter "D", was
7.122 inches. This dimension is the same as used in previous
hot primary flow testing and is 0.6087 scale of the cold flow
models. Both models tested employed a standoff ratio, "S/D",
of 0.5. Table IV provides a comparison of the key model

characteristics.
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1. Model A

Model A 1s shown in the test installation apparatus
in Figure 31. This configuration includes a primary nozzle
plate with four (15/20) tilted and angled nozzles. The
configuration of the nozzles refers to the characteristic
angles. The tilt of the nozzle is 15 degrees from the
vertical with the nozzle being rotated or "angled in" 20
degrees from the tangential direction. Figure 35 details
these angles for clarification. The ratio of the mixing
stack area to primary nozzle area is 2.5.

The mixing stack is enclosed in a low carbon, cold
rolled sheet steel shroud extending from X/D = 0.15 to X/D =
1.125. Five sheet steel diffuser rings 0.375 diameters long
are installed to bring the overall length of the assembly to
1.5 diameters. Film cooling clearance between the stack and
the shroud varies along the length of the model while the
film cooling clearance between the diffuser rings is 0.188
inches. The dimensions of this model are shown in Figure 4.
One row of thermocouples was installed along the length of
the shroud and diffusers oriented ninety degrees from a hori-
zontal plane passing through the model's centerline axis.
These twelve (12) type T thermocouple readouts were used as
a comparison to external readings obtained from an Omega
Engineering 871 digital thermocouple with fully remote prob-

ing capability.
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2. Model A Modified

The second model tested was a modified version of the
first in that an extra diffuser ring was located outside the
fifth ring of Model A. This ring was of the same thickness,
material and length, and was geometrically concentric to
diffuser ring number five of model A. The annular clearance
between diffuser rings five and six was 0.188 inches. The

dimensions of the modified model are shown in Figure 5.

F. THE CROSS~FLOW CENTRIFUGAL FAN

1. Installation and Configuration

The fan used to model the relative wind (cross-flow)
was of the centrifugal type. It was manufactured by the Joy
Manufacturing Company, General Products Division, New
Philadelphia, Ohio.

The centrifugal fan was installed at the experimental
site to be as mobile and portable as practicable considering
its weight. To afford mobility for proper standoff position-
ing in relation to the model and facilitate certain data col-
lection, the fan was mounted on a platform having heavy duty
ball bearing casters. The lower section of the platform
facilitated installation of a "step-up" transformer and
provided adequate stowage of the power cable when the fan
was not in service.

A converging nozzle was attached to the fan exit

volute to provide directional stability to the air discharge,
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and additionally to provide a datum for theoretical deter-
mination of discharge velocity. The fan nozzle exit area
was chosen arbitrarily to provide a nozzle discharge area
to model discharge area ratio of 3:1.

The fan is driven by a Reliance Duty Master AC motor.
The motor is-a 440V, 3 phase, 4.8 amp, 60 Hz unit designed
for continuous duty at 1755 RPM when connected to the high
speed windings as was the case for this research.

Since the test facility, Bldg 249, does not have
440V power available, it was necessary to utilize 220V power
provided to a step-up transformer to provide the necessary
voltage. Once proper electrical connection and grounding
was made, starting the stopping of the fan was facilitated
safely by utilizing a five amp circuit breaker specifically
installed for the fan 220V supply circuit. A picture of the
cross-flow fan is shown in Figure 32.

2. Performance Capabilities

The cross-flow fan utilized has a nominal air flow
rate of 3000 CFM at a total pressure of 3.0 inches of water,
Maximum air flow rate is established at 4200 CFM at or below
1.0 inches of water total pressure. Since the total pressure
developed by the installed convergent nozzle was not known,
it was necessary to determine the fan's discharge velocity
profile experimentally, and thereby determine a quasi-optimum

nozzle to model standoff distance to provide a relatively
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uniform flow field. Based upon theoretical calculations,
discounting any losses, the maximum velocity achievable ’
from the fan was estimated at thirty-five (35) knots. ]
To determine the actual velocity distribution at the '
exit plane of the fan nozzle and to determine a suitable
standoff distance (nozzle to model), a flow measurement ex-
periment using a pitot tube to measure total pressure was
devised. The basic equation for estimation of the velocity
in the flow stream is given by equation (7-53) of [Ref. 14].
2 i
Pp P, = 1/2 pU_ (eqn 4.1) °
Four sets of data were collected. One data set was
collected for'each of the following pitot traverses: hori-
zontal traverse at the nozzle exit plane, horizontal traverse

at a standoff distance of twenty-four inches, vertical trav-

erse at a twenty-four inch standoff, and a 4.5 inch vertical
traverse at the bottom of the model (diffuser ring 5 on the
model centerline) to a horizontal plane coincident with the
model support and alignment base. This data is presented
in Tables XXIII through XXVI.

Based upon the collected data the standoff distance
of twenty-four inches (nozzle exit plane to model center-
line) was determined suitable in representing an average

flow field velocity of 29.5 knots.
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V. EXPERIMENTAL RESULTS

A. MODEL A RESULTS

1. Pumping Performance

The pumping performance of Model A is shown in Figures
43 through 48 with supporting data presented in Tables V
through X. Using the correlation previously developed in
section (d) of Chapter III, a linear regression technique
was utilized to determine the pumping coefficient for the
specific uptake test temperature and cross-flow condition.
Given the inherent uncertainty of the linear fit, specific-~
ally considering the uncertainty and data scatter present
in the lower plenum pressure differential regime, the data
presented for pumping coefficients 1s considered qualitively
accurate to within +0.05. The pumping coefficient comparison
to a geometrically similar model tested by Pritchard [Ref.
12] at the cold flow facility is considered valid.

A table of comparative results is presented in Table
XXVII.

2. Mixing Stack Temperatures

Figures 53 through 57 graphically present the data
obtained from this model. Tabular results of the collected
data are contained in Table XVII.

This model is equipped with twelve (12) type "K"

thermocouples. imbedded in the stack walls at various locations
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to measure the film cooling effectiveness of the mixing stack !
slotted ports. The mixing stack thermocouple numbering system

is referenced to a specific type "K" channel in Table II. ,
Determin;tion of film cooling effectiveness is achieved by l
referencing the appropriate temperature of thermocouples im-
bedded both upstream and downstream of the two selected cool-
ing ports. An noted by Kavalis, [Ref. 11], it is suspected
that due to the tilted angle of the nozzles, the flow is not :
uniform across the mixing stack and the sector between con- i
secutive nozzles exhibit lower temperatures.

The data collected appears relatively comnsistent |
throughout when corrections for variation in ambient temper-
ature are considered. The data reported has consistently
higher temperatures than those reported by Eick [Ref. 10]

and Kavalis [Ref. 11] who both used the tilted and angled

primary nozzles with the slotted mixing stack but whose

models used straight vice angled shrouds and diffusers.

Since the entrance nozzle calibration conducted preliminary

to actual model testing resulted in a lower air mass flow

rate correlation, it is theorized that the lower temperatures
observed by Eick and Kavalis were a result of the larger cool-
ing effect from the induced tertiary air flow of the higher
mixing stack ailr mass flow rates under which theilr investiga-
tions were conducted. The maximum wall temperatures reported

by Eick and Kavalis are 306°F and 320°F respectively. This

research resulted in a maximum wall temperature for Model A of

357°F.
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Relative to cross-flow effects, no depression in
temperature was noticeable throughout the data when correc-
tion for the effect of ambient temperature is considered.

3. Mixing Stack Pressures

The data obtained for mixing stack pressure is pre-
sented in Figures 62 through 66 and in Table XV.

As noted by Eick, due to the small size of the pres-

b e e e e .

sure tap and extremely long run of tubing (over 20 feet) to ;
the manometer, a substantial period of time was required for

the manometer reading to reach its final value. No oscilla-

tions were noticeable once a final value was reached. The

data collection was found to be consisteatly stable and

repeatable,.

Comparison of the data is remarkably consistent
throughout the range of uptake temperatures. This model
compared to the straight shroud and diffuser models tested
by Eick and Kavalis tends to show an increase in mixing
stack pressure which might account for the increased wall
temperatures noted. The effect of cross-flow appears to be
an improvement in the mixing stack pressure profile. An
average increase of 15% was noted.

4. Shroud and Diffuser Temperatures

Shroud and diffuser temperatures were obtained util-
izing two methods. A type "T" thermocouple system having a
digital output servicing twelve channels of interest was used

in conjunction with a fully remote Omega Engineering model 871
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A

-

thermocouple probe. The Omega remote reading thermocouple
was a portable battery operated device with a hand-held
surface probe and was of the type "K". Comparison between
these two temperature monitoring devices in an equilibrium
condition resulted in a mean temperature differential of
+0.5°F. This differential 1is acceptable under steady state
conditions; however, the transient effects observed during
the experimental data collection lead this researcher to
believe that the type "T" thermocouple readings were more
accurate. During data collection, and particularly during
cross-flow data collection, significant oscillations in
temperature were noticed with the remote probe device.
When the Omega probe was used to determine shroud and
diffuser external temperatures, an equilibrium condition
did not appear achievable for recording of a discrete tem-
perature. Initially, oscillation in the sensed temperature
occurred rapidly and then damped somewhat although oscilla-
tion did continue. This necessitated that the recorded
temperature be an average value with inherent error intro-
duvced as a function of the data recorder. Despite this
drawback the surface probe did provide comparative data
and it was decided to continue data collection with this
device for a qualitative comparison with the type "T" data.
Using the "A" model for comparative analysis of the
noted differential in shroud and diffuser temperature between

the type "T" thermocouples and the Omega portable thermocouple
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external probe readings, an uptake temperature of 950 degrees
F was selected. In a no cross-flow condition (qualitively
normalizing the data to account for a difference in ambient
temperature) relative to shroud temperatures, only a minimal
differential is observed with exception of the far end of
the shroud which exhibits approximately a 20 degree difference.
The maximum difference noted in diffuser ring temperature
occurs for rings three and five. This difference is ten (10)
degrees F. When cross-flow was introduced, the difference in
shroud temperatures was minimal with the exception of the
shroud end closest to the diffusers which showed an approxi-
mately ten (10) degrees F difference. Diffuser ring tempera-
ture differential was more pronounced in the cross-glow
relative to the two temperature sensors with a maximum devia-
tion of 25 degrees F for diffuser ring five and a mean dif-
fuser ring temperature differential of 15 degrees F.

The surface probe temperature measurements were
taken along the model's length starting at diffuser ring
five and working rearward toward the after section of the
shroud. The point of each measurement was taken along the
surface of the model coincident with the model's centerline
and oriented 180 degrees from the cross-flow. The sequence
of the temperature measurements and relative distance from
the mixing stack entrance are given by the X/D parameter

values as shown in Figure 36.
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Figures 71 through 75 present the shroud and diffuser
temperatures obtained via the type "T" thermocouples while
Figures 80 through 84 present the external surface probe data.

Data collected for the shroud in the no cross-flow
condition show a consistently increasing temperature with
the most notable increase being at the X/D = 1.068 position.
When cross~flow was introduced the slope of the temperature
profile appeared to flatten somewhat but again the X/D =
1.068 position showed a sharp increase in temperature. Cross-
flow did result in a significant reduction in this high temper-
ature reducing it approximately fifty degrees.

The five diffuser rings showed good temperature reduc-~
tion potential until the fourth ring was reached when the
effects of film cooling appeared to be dissipating and a con-
tinued increase of diffuser ring temperature was noticeable.

The effects of cross-flow resulted in an overall in-
crease in diffuser ring temperature and resulted in an erratic
although predictable temperature profile. The ultimate effect
of the cross-flow appeared to be an overall shroud and diffuser
assembly temperature reduction with some distortion of film
cooling effects being induced by the cross-flow.

5. Exit Plane Temperatures

Figures 89 through 93 display the exit plane temper-
ature data. Table XXI is a compilation of the data points

presented in these figures.
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A comparison of exit plane temperatue profiles, with
and without cross-flow, is presented for the maximum uptake '
temperature of 950 degrees F. Good symmetry is observed in i
those profiles displayed withno cross-flow introduced with i
the exception of the 850°F uptake profile. It is considered i
that this asymmetry was caused by an inadvertent movement of
the traversing mechanism which was noted during the data
collection process.

Upon introduction of cross-flow it is noted that a !
depression of profile temperature takes place resulting in
an average temperature reduction of greater than 50 degrees F. i
At the same time some increase in downstream profile tempera-
ture was noted in Model A.

The peak temperatures observed in Model A at uptake
temperatures of 850°F and 950°F were 531°F (with cross-flow)

and 586°F (no cross-flow) respectively.

B. MODEL A MODIFIED RESULTS

1. Pumping Performance

The pumping performance characteristics for the modi-

fied model were extremely close in comparison to those of

Model A. A comparative summary is provided in Table XXVII. !
Pumping coefficient plots are shown in Figures 49

through 52. Supporting tabular data is contained in Table XI.
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2. Mixing Stack Temperatures

As anticipated, the modification of adding an addi-
tional diffuser ring to this model had little effect to
change the mixing stack temperatures.

The temperature reduction noted upon introduction of
cross-flow with Model A was also consistently noted for the
data collected. It should be noted that any comparative
analysis in this regard should be normalized to account for
ambient temperature conditions.

Data collected for this model is presented in Figures
58 through 61 and Table XVIII.

3. Mixing Stack Pressures

This data which is presented in Figures 67 through 70
and Table XVI is consistent with the findings of Model A. The
only minor exception being a slight reduction noted in the
average pressure increase reported with the model under cross-
flow conditions.

4. Shroud and Diffuser Temperatures

A reduction in temperature of approximately 20°F was
noted for diffuser ring five (5) which directly received the
effects of the film cooling resulting from the addition of
an extra diffuser ring. This temperature reduction effect
was present both with and without the cross-flow introduced.

Without cross-flow no appreciable modification in
shroud and diffuser temperatures was noticeable when normali-

zation for ambient temperature is considered with the exception
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of ring five as noted above. 1In a cross-flow condition the
added film cooling effect of the additional diffuser ring
resulted in an overall reduction in diffuser ring temperatures.

5. Exit Plane Temperatures

Figures 94 through 97 present the exit plane temper-
ature for the modified model. Table XXII is a compilation
of this data.

No appreciable change in peak temperature was observed
for the modified model in comparison with Model A. The temper-
ature depression effect induced by the cross~flow noted in
Model A was also evident. In contrast with Model A, however,
no increase in downstream profile temperature was noted.

This is shown in Figure 99.
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VI. CONCLUSIONS

This investigation studied the thermal and pumping per-

formance of two multiply~shrouded, angled~diffuser stack

gas eductors with five and six diffuser rings and how cross-
flow at a mean velocity of 29.5 knots affected such perform-

ance. Based on the data presented the following conclusions

are drawn:

1) Pumping coefficient data obtained in this investiga-
tion correlates with that of a geometrically similar model
tested in the cold facility.

2) Introduction of cross-flow results in a slight

improvement in eductor pumping performance.

3) Cross-flow effects in the mean velocity range studied
in this investigation (29.5 knots) result in an overall tem-
perature reduction at the surface of the assembly but tend to
result in some distortion or degradation of the desired
diffuser film cooling effects.

4) Cross-flow did not appear to have any significant
effect upon a modification of the peak exit plane temperature,
5) The modified model produced superior film cooling

effects in comparison to Model A.

6) Improvements in overall eductor performance and reduc-~

tion in exit plane temperature appear feasible by optimization

of the angled diffuser design to account for maximum £film
cooling effectiveness.
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VII. RECOMMENDATIONS

Considering the experience gained in the conduct of this
research and specifically in view of the results obtained,
the following research recommendations are offered for
future investigations.

1) Diffuser ring number one should be extended to a
length approximately twice the current length to attempt
to reduce the high temperature noted at the end of the
shroud.

2) The cross-flow fan should be modified for two speed
operations and other nozzle designs should be tested to pro-
vide a range of cross-flow velocities for model evaluation.

3) Further investigation of the flow phenomenon at end
around the model's shroud and diffuser assembly should be
conducted to explain the noted intermittent degradation of
film cooling effectiveness.

4) Additional research should be performed to determine
the variation in induced tertiary air flow resulting from a

modification in air mass flow rate.
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Pigure 13, Hain Pover Supply and Control Panel.
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Pigure 17. Combustor Air Piping.
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POSITION B
INDICATOR §

rigure 20.

Alr Coapressor Suction Valve.
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AUXILIARY OIL
PUMP SWITCH

EXTERNAL OIL
SUMP

Pigqure 23. Auxiliary 0il Puap Control.
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Pigure 25. H. P, Puel Piping and Valves.
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Pigure 26. Nodel Iastallation.
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Pigure 33. Exit Plane Temperature Measureament.
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Pigure 35. Tilted Nozzle Geonmetry.

97




—— — e = e fe e s

-y T®pON °S3uUTOd juswelnsesq eInjeledwey [RUISIXT  “9¢E eanbta

RY9°0 = asx - Ol
VoM - 61 0G2°0 = Q7% - 6
f90°0 = Q7% - A1 60h0 = O/% - ©
as + os g21°9 = Osx - &1\ @90°t = Q/% - &
got*0 = asx - 9t itn - 9
-9

£16°0 = Qsx - St zn - S
GLF°0 = Q7% = w1 £
REwe0 = Osx = €1 v - €
F9c°0 = asx = 21 su - 2
cz9°3 = asx - 11 gsy

3

'y — I

98




s~pol Y T2poR ‘S3UT0d juewsINSLeR

einzeiedes] TeuldIXI

£90°0
Get1°o
8yl °*0D
€1e€°0
SeLE°*O
RE%°D
£9S°0
L T4 Ad )

nHB RN

Yoy
asx
asx
asx
Qrsx
Q7%
a/sx
AQrx
o/sx

nHHnN

~-NTILTNODO
P Lk K X )

arsx
asx
asx
arsx
i
n
€y
s

o9

*1€c o30633

_-NMeNO™ICO

99




*S3SI0ARIl 3qNY 303ITd UeJ MOTISSO0I) JO DFIvWdYdS °gg e3ubyg

ISYA ININND ) W TNV
180dNS VIJUe 02 IIGNe IO
mOLEUR Jv ASuIAVHE IVIISHIA
vwssio

34UTNVAS NI 2 av
_ ISMIAVEL WITAUIA

_ n— |

@ aztaA INS

_ e31A 3018

»
-

=> -

100

(RONEY AG NRDUS
NOS1DI8IU) ISHIAYMN)
INV IS BEND IVTOM

—>

1

Pt e AE——— — ————

a3lA o)

1My 3S1Q 4300NvaS
ul o2 == ISuIAVHL
Nv g 1KY I3N270N

ﬂVaﬂIIIT|

ajlA uDi a3jin In0ud

.




*f1308089 272208 URI AOTJISSO0ID *6¢ oxnbya

SIUONE NT SNNTenTala Ty

NIz wtin ity
LT ALY IR
LIS F T
CuS vl 3
oGy : 3
NTA S 3 EXT] §
DGL Yz ) !
0ge*»1:4 i
Sef2:w v

M

1

i

\
i

101

K




*9A1IN) UOTIRIQTITIRD I9jomeloy *o8 ®3nb13

Buipeoy uajsweioy
(7)) n n

1@S

1S8b

48¢

w
(3] Q. ul o
T T T T

451
o1
]

HLON:8pAP"B+3120°E— = IM

298°0 = A31AwuB o1308ds eny
4 Bog 2°19 °‘dwsy (eng °Bay
2861 AUW 2 uedwy wie([

= ]
M © N O D T M N = &

R
(€31 »* Oes,uql) mol 4 SSRy (8nyg

.
T
-

(-
n
-t

102

e R i e




*9AIN) UOTIRIQYTED 22IBY AOTJ SSUR ITV

1y eInb1a
13NA0NHd IMNSSINA
L IO JUURI R N MU S N N— —
x‘\\\\\ﬂ\\ I M
: m
~ +~ W
(a1
W o
—
I-‘
10.n3
el 9
D
12 m
492

3AMND NOILYHMAINHI 3NZZON 3ONHHLINI

A e e At 2t - -
.




*301d uatfoy3yeo) buydeng erduwes *Z& eanbia

o by o, (1) (eR)

NOST¥VJHOI IN3TJ144307 ©

ONTdNNd IVINIRTY3dXT

#1/+d

104

S e —— e e



*A0T3SS0I) ON - (4 GL1) ¥V TepoN °3uefoyjjecy Huyduma gy oInbya
POV (olleM)
co 00 20 »0 80 zo ve 00
L 1 1 L ’ 4 S | [ I 1’0
° . e
[ J
. ﬁm
[ ]
®
° (-
i P>
-
[ ] o .“
1°3
&
09°0 = INIIDHH3I0D DNIdNNG
€000 HOYWNN MOTH-SSOW) ON
4930 94 = 1dNL
€861 d3S 01 NDIVL ViVQ Lo
v 300N =
-

R v y——




*mOT3ISS01) O - (4 069) ¥V T18POR “3uafd¥3380d Huypdung "9 8xnbtd
YOV (el)eM) )
{0 90 n..o c.;o o.m «.so Wm . 00
| L o l’uo
[ ] ° [-
[ ]
° -2
°
°
) &
°
o
[ o 3 ~
43
L
19°0 = INIOHII0D DNIdNNG
8900 HOYWN MOTH-SSOUD ON
4930 0990 = 1dNL
€861 9NV 08 NIIVL ViVa Lo
v 1300 -
2
“ — . N T




= — ——

*ROT3ss01) OK - (4 058) VYV Toaprom ‘3ueyd}jjeo) bujdung ‘Gh ®anbH1a
50V (al)(eM)
( p.m ...o -.w *0 a.m Qw -..o 00
e te
[ ]
2
[ J
[ ]
[
i
o
[ ]
-9 W
|
Lo
L9°0 = INFIOHSI0D DNIdWNJ *
690°0 HOVN MOH-SSOHD ON
. 4930 098 = LdNL
€861 DNV IE NDIVL Viva Lo
v THOOW -
Lo
[ g

107

Jrve e




*ROTISS0ID - (2 058) VY T8PON “3ueyor3yjeoc) Hutdend *9f exnbya

9OV (aLHeM)
o h..ol ...e -.w »0 u.m 10 00
® ! *.o
® (-]
[ ]

[ 2
-9
. O
[

[
. £
@

i
69°0 = INIOKIIOD ONINNJ *

690°0 HOVINN

© 4930098 = L1dNL MOH-SSO¥D HUIM

€661 d3S 20 N3XVL Viva o
V 300N -
. O

ol/ed

108

e xS -y s+



"ROTJISS01) ON - (4 0S6) ¥ Tepom ‘3uayd>y33e0) bHuidmng Ly ®anb1d
Y0V {od)leM) ,
Lo 0 20 »0 t0 To Y] 00
L ] i . - | L " i 2 4’.’
[ ] ° o
[ ]
-2
[ ]
®
‘ L
[ J
o 3
1“ w
4
'
99°0 = IN3IDHII0D ONIdNNG
690°0 HOYNN MOTH-SSOH) ON
4 930 096 = LdNL

€861 d3S TO NIVL ViVQ Lo
v 1H00N e

109

A —— o T -

———

- e
»




*ROT3ISE0ID - (3 0G6) V TepoR ‘3uaydy3zjeod Hujpdung ‘g 9Iubya .m

Y70V (sllaM)
v - ”o "o vo o o 1o oo
F te
[ ]
[ ]
e
[ ]
° o
(9
® [ ]
o
3 a
L Lo
1%
. 3
o i
¢
19°0 = INFOHHI0D ONIINN . {
690°0 HOVYAN n
: 4930 096 = 1dNL MOH-SSOHD HLM

€861 43S 0 NIIVL V1Va Lo

v 300N -

Lo




e e _ . .

"ROT3SS0ID ON - (4 0G8) POW Y TOpON °3U8FDT3jec) Hbuydeng -gn eInbyd
POV (alXeM)
. L0 »0 v0 o 0 o 1o 00
. . te
®
2
[ J
®
y 2
[ ]
. 3
I“m
te
L9°0 = INMDHII0D ONIdNNI
000°0 HOVIIN MOH-SSOUHD ON
. 4 930 096 = 1dNi
€861 43S ¥O NIIVL YiVva Lo
G3IIAON V FAONW -
Lo

111




"ROT3SS01) - (4 068) POW Y TepoR ‘3IueTdT3jeo) Huydung 0G5 eInbyd
OV (ei)leM)
. L9 ’0 0 o €0 o vo 00
< . 13
°
[ J
S
®
o
. -
.
3
® 1" N
. £
69°0 = INNILHIOD ONIINNG
090'0 HOYNIN
: 4930 098 = 1dNL MOH-SSOHD HLIM
€861 43S 90 NDIVL Viva . Lo
(3100 V 1300W -
Lo

112




——— et — -

1 oxubtad

*n0T38S013 OF - (4 0G6) POW Y TepoR ‘3Iustdy3jeod buidena

89°0 = INIIDHII0D ONIdNNI
690°0 HOYWNN

: 4930 096 = LdNL
€861 43S ¥0 NIIVL Vivad
G34IQON ¥ BAON

OV (el)leM)
»0

..
i
|

113

ol/ed

MOH-SSOWO ON




*ao13ssox) - (4 0G6) Pow ¥ TeEcH

»3u3yo 13900 burdwnd

*zc eanbyd

YOV (sdieM)
¢ h-o ..W 9 -O »0 Q.LO N.-O ) @ 00 :
. o lﬁu
[ ]
®
e
[ )
[ ]
. O
® [
* 3
PY JO- N
@
te
69°0 = INSIDLH30D ONIWNG
690°0 HOYWN
. 4930098 = 1dNL MOH-SSOHD HUIM
861 43S 90 NINVL V1Va o
Q34IGON V TIAON .
Lo
[ ]

114

¢ et it




e —— e —————— "

U

y
*a0T3Ss01) ON - (& 069) v Y8poR ‘’ *dwey yov3S HUTXIN *¢G 9aubta
{a/X) NOILISOd TVIXY | N :
LT} 09\ QU 001 %80 OU.—O QN.~° OO.Q . 9T o
s RS RIS e 2 _ W
e °
(A ] [
' _
1] 1“
S o
Yw u
ite -] F 4
% "
3 >
»
e -1 ] y.“ m
om
o
59 ki
ow lgw
L] M
-3
MOTHSSOMD ON 4
493G 099 = 1d0\L
v 13Q0N
L3
o




"AOT3SSOID ON - (3059) Y TopoN ‘°-dwey yov3is BUFXTR  °p¢ eInfbyd

{Q/X) NOWISOd IWVIXY
A OW.— oi«.a oo.._ oﬁbo cow .«.»a oe.#o i [ 14
g
za us °
4 |
3
[-]
ow- rl
og
i °
> o
re ﬁ“ m
°o@
[}
\l® m
2
g2
ce® 88 o .
lmge MOHSSOUD ON m
4930 098 = 1dN1
v 1300W

e




"ROT3SS01) - (4 058) Y TepPoN ‘°~dwey youis BUFXIH  °G¢ eanbya
{Q/x) NOLLISOd IWVIXY
o9l ottt 001 Uuo 090 %o 000 T 0-
L e 1} . i - i 1 4 m
13
i
lia
LW
n 18
i °
§
o
ii® ~
8
o
ge
E
o
cs
re

6n rm
o 9w MOHSSON) HUIM °

4930 0S8 = 1dN1

Vv T300N

(4 93Q) 3UNLVY3IdNIL

117

o e e




*ROT3ISS0ID ON - (4 056) ¥V Tepor “°dwey yowas Huyxi§  °9G e1nbig

(Q/X) NOILISOd TVIXY
2..,_. o cow— nup.— Oc..— a%._ o OMO o«bo oo..o . qro-
| s
o
tle
tA | 8
¥
(-]
&
s S
B o
. -
-3 W
Om
5]
m
w? ;
» .” L _
° “,
e
ge . S
te MOHSSOY) ON m
4930 096 = 1dN1
¥ 300N

98



*n013SS0I) - (4 056) V Tepom °-dwal yovis Huixin

. {Q/X) NOWISOd TVIXY

*LS eanbia

091 9z 001 90 090 7o 000 . 9T 0-
S o s
[-]
tis
s
(9 rw
o
ole
ca

w.m m
v
m
2
¥
33
us ]
“ (1]
Ync“ H

se °

1
te MOHSSOMD HUIM m
ve 4930 096 = 1dN1
6 v 300N
1e%®
1]

119

T — v ———




*R0TISS0I) ON - (I 0GB) POW VY Topow ‘*dwey xyowys Huyxty  °gg exnbya

(a/X) NOILISOd VIXY
a1 091 9z 00 90 030 920 00'0 sz o-
s
o
Zle
Zw /e
o
ot -
m- f.“ u : “
30008
22 |
oR !
S ]
e 8|
g |
te ° ”
tw
8
a8 ve MOHSSOUD ON S
T 4930 098 = 1dNL
Q313100N VY 130N




091t

"ROT3ISSOID - (4 068) POW ¥V Tepow ‘-dwa] Youvis Buyxiu °6G @Inbid
(@/X) NOWISOd TViIXV
ez 001 920 090 9z'0 000 sz 0-
S SR, i ) 1 1 .
:
o
AL
{9
(4] -
oL S
(3 [~
L8
o m
°Z
>
m
>
)
52
o
o 9
1]
lom
bad
o
o
re o
6m vN
» 98 MOUSSOUD HIIM e
4930 0S89 = 1dNL
a3LHQON Vv 13Q0N

121




*AO0TISs01) O - (3 0G6) Pod v Tepom “°dme] )youvas HupxIN °09 o1nbhtd
. _ (Q/X) NOILISOd TVIXY
Sr_ 091 9zt oot e . S.o oiﬁo 000 9z 0-
S
lle °
14 ]
(® | &
o
o
-8
s g
m
2
23
°S
m
(]
m
~ @
g
o
e
to s | S
MOESSOUD ON w
4930 096 = 1dN1
Q341Iq0N Vv 1300W
1] . va f”
9@ M

122

A o G 4 St s w4 -




*n0T3SS0I) -~ (4 0G6) POW Y TepoR “°dwej yoe3ys HuyrxfR °L9 #1nHT4
{G/X) NOLLISOd TVIXVY
Y o».A_ oW. oo... onpo oaho o«ho oob.e oz 0-
—— -} M
(-]
Zla

r4 | -

-8

(-]

t4
ola
ce _.

.
°Z
3
m
D
-
85
°m
2
e o
it

-] ] °

e - 8

MOHSSOMD HLIM S

e 4 930 096 = 1dNL
| t® Q3L1QON V 13A0N
9e

123




*ROT3SSOI) ON - €3 069) V TepcCH ‘°ssaxgd yowis Hurxiw

*Z29 8anbtd

(Q/X) NOLWLISOd TVIXY
. ..Wi ..p°! h.m ..m ..-O» Q.po Q.W ﬂ.w —.m C.MI 10- ,
. 5
o
o L6
[ J
| &
=
&
- &
. -2
o "
5
° 6 Q
F 3
:
e YLVQa 8 NOULISOd@®
V1VO V NOWISO4O "
»
o MOUSSOND ON
4 930 099 = 1dNL vW
° Y T3a0N
!

124

e W S B MaAmal e w

LR e S e




*ROTJISSO0I) ON - (4 068) VY tepcH “°ssai14g yoeIs burxIR  °£9 @anbfd

(/%) NOILISOd TVIXVY
..m u.~o [} W -% v..o QW «._o ..m c..o% 10- .
e
° - _,
| =~ H
° M
| & W
® {
L&
[ _J
o <2 .
P ~
ﬁ.W P 4 ;
® [o} , m w
a0 ﬁ
L O
&
e V1VQ 8 NOWISOd® | &
o V1VQ ¥ NOWSOdO -
L&
MOHSSOUD ON b
o 4930 098 = 1dNL s
Y 1300N E
Lo




‘aotIssord - (I 058) ¥V TO9POH tegsa1g yovis DuUTxATH *49 aanbyd

(Q/X) NOILISOd TVIXY
g 0 90 L0 90 920 0 0 To 10 00 10-
| — I} 1. o 1 ) 1 1 L 1 A
~
) -
5
L J
| ©
a
[ ] L |
3L
wn
o 3
b X
. N
a2
o
PS
o]
*  v1va € NOLISOd® &
vivQ ¥ NOWISOdO bt
Lo
. MOHSSOUD HLIM S
4 930 098 = 1dN1 &
v 13AON -
Lo
o

126

w
|
|
W
+




*AOT3ISSOI) ON -~ (4 056) Y TepcH “°ssexd xouvys HUfxyH  °G9 oxnbyry
(3/X) NOLLISOd TVIXY
e¢0 0 Lo 90 90 *0 €0 0 1’0 00 10"
L | A 1 I\ 1 . . A i e L o..
1 ¥
[}
S
L
L 2
L &
[
| & m
“»
r“ m
° X
o « N
1
| ©
o
e V1iVQ @ NOWISOd® | ©
o VivQa Vv NOLWLISOdO bt
X3
MOHSSOUID ON b
o 4 930 096 = 1dN4 &
o v 130N -

00

127

. ——— X, —n Sy ot




*A0TJSS01) -

(d 066) V ToDPOW ‘*ss@ad ¥ov3s BUTXTIH °99 eanbyg

(a/X) NOILISOd TVIXY

80 %0 L0 90 90 o €0 To Y1) 0o 10
; - L Ao 1 1 1 1 1 1 | S &
~
[ ]
L ©
[
Lo
[ _J
 ©
P ~
o ¥
[
o Lo
[
O
»
[o] [ ]
Vv1ivQ 8 NOLUISOd® L&
v1iva Y NOWSOdO ©
Lo
o MOHSSOHD HLIM b
4930 096 = 1dNl "
Y T3QON -

(OZH NI} SWd

128

]
1
L4
i




*ROT3JSS0ID ON - (4 058) DPOR Y TepoOR “°ssexgd ¥owds HULXTR °L9 einbid _,

{Q/X) NOLLISOd VIXY
' Lo o0 a0 vo ¢o to o 00 o,
et
° -
L4 -
"o
Lo
L ] .
L ©
[o]
« N
e
| S
»
VvivQ 8 NOLLISOd® & M
o ® yiva V NOLWISOdO - :
L&
o MOTISSOHD ON b
493Q 098 = 1dNL "
Q3LIGON V 130N =

.l'
o0




*ROT3ISS0ID - (4 0S8) DPOR Y 1epoOR ‘°ssaig youls burxtR *89 9anbt1d
(Q/X) NOLLISOd TWVIXV
01 60 80 Lo 00 90 vo ] To to 00 10-
| I S I A i S t ) ) 1 o 1 N
~
® =
| .
©
Lo
[
C
. F:
w”n
. o ﬁ“ M
. .
2o
L &
»
o —
¢ viva g9 NOWISOde ¥-3
Vviva ¥ NOLLUISOdO ®
L o
o MOHSSOHO HUIM h
4930 0S8 = fdN4 n
G3L4aQON v 13AON -
-0
(-]

130

it it < &
.



*A0T3SS0ID ON - (I 0G6) DPOW Y TePOR ‘°SSelg ¥owis Burxim

(GQ/X) NOWISOd VIXY
00 Lo 00 90 vo so vo vo 00

'l 1 i A i A I\

© Vviva 9 NOiLISOd®
¢ Viva V NOLUSOdO

MOHSSOHD ON
4930 096 = 1dML
Q34IGON VY 13QON

*69 ®InbTa

-
o
.

Tl

p—

Vi

01

T
60
PO

T
g0

A

L0
131

T

T

90-
(OZH 'NI) SWd

™ T v
€0- %0-

zo-

g
o-

v

-
0’0



*ROTISSOID - (3 0G6) POR Y T8PCH ’°sselg youvis buyxtR °0L @xnbyd

(0/X) NOLLISOd TViIXVY
ot 80 0o o 00 90 o €0 to o 00 ro-

| S SUEPU SO 1 j . - . Y Y 4 rw
[ J
- =
L !
b ;
L&
[ ] i
W
[ - ..o R o~ .
° °Z !
& w
‘ 29 ,M
o X ..0
' .
¢ i
V1iva 8 NOLLSOJd® 5 W
VAVO ¥ NOLLSOdO - |
Lo :
° MOHSSOND HUIM a
4 930 096 = 1dNL n
03)13IG0ON Y 130N b

L
o0




*m0TJSS01) ON - (4 069) V¥ TepoR ‘-dwel yvuizejxg 1 odig

°1L ®anbt1a

(Q/X) NOWISOd TVIXV
oo..a .np« oopm !...- sp— .NH} OOL.— -s.POi o-ol 1.4 .m 80_
8
-8
(-]
3
4930 €6 = 89 DN YISIHAC °
493G 98 = V9 ONIN ¥3SMHHIO _\\/ro '
o
.
2
-8
o
ﬁmm
o
hwm
4930 99 = GNVL °
SONIY WSNEN00 LE3
QNOYHS @ m
-
MOH-SSOWO ON o
4030090 = 1dl 8
Y BOON o
ki
3

133

b —-—



_ = - T T o T , . J.:v&:§.
BV Y | w -

*A013SS01) OK - (I 0S8) V T1epor ‘-dwel Tuwuleyxg I odiy -zL eanby4

(Q/X) NOLLISOd TVIXY

co. 4 onpn ou.u 2,%— o..P- on..— j.— .hho’ ooho .ube 000
: . .
(-4
S
o
»-4
4 930 G = 89 ONIH YISNHIO °
S
©

4 930 68 = v3 ONIH HISNHIQ Q\\/\b

T

0'04 0'08i 0091 0°0M OOLL 0'0Z O0OI 000 008
134

T

4930 (9 = GNVL
SONIY Y3ISNNa O
anouHs @

(4 93Q) 3WNLVYHI4NIL

MOH-SSOHI ON
4930098 = 1dNl
vV T3AQON

e

T




‘ARoT3ISso1d - (3 068) ¥ 1opoR ‘-~dEe] Tvwuleyxg I edil *¢cL oanbyl
(a/X) NOWISOd TVIXY
09¢e 141 00T o 091 14} 001 o¢t0 080 £ 11] 000
L 1 1 L i - A 1 1 ' 1 A )
S
©
-
o
S
4930 26 = 89 HNIH HISNHNQ °
4 930 L8 = Y3 DNIY HISNHIQ | &
o
[ 4
F.
4]
é 7“ W
132
°m
, .m m
4930 9L = GNVL m (]
SONIY HISNHIQO : -1 2
GNOYHS @ o
€3
MO-SSOHD HUIM 5
4930 098 = 1dNL ..m.
v T3QGON o
a
o
(-]
3
o
o

r

wy
(a2 ]
—




*AOTISS0oI) oN - (4 0G66) VY 1epoN ‘°dewsa] Teuieixg J odi] *ne 9IN6HTR
(Q/X) NOILISOd TVIXY
114 00 L T4} 091 14 00 °0 090 7o 000
1 | S 1 1 1 1 . i L
3
(-]
8
o
-3
4 930 Gil = 89 ONI¥ HISNHNA i
4 930 €0l = V9 ONIH Y3SN44Ia . 8
o

4930 9L = GNVL
SONIY YISNNAO
anouHs e

MOH-SSOHO ON
4 93Q 096 = 1dN1
v BAON

g

004 000t 0081 O°OM 0'0CL 0'0%L 00 0'00L 0’08

-

(4 93Q) 3YNLVYHIdWNIL

e

¥

f

o
o
~

Y FP

@ aaot



r

*AOTISs01d - (I 066) ¥ Tepon ‘~dwel Tvuieyxg I eodil g, @inbyi
(Q/X) NOILISOd TVIXY
L 12 00T . T4} 091 1 14} 00l °%°o oso €°To 000
| . i b 1 A i 1 j - 1
S
o
[ 4
B
- S
4 930 201 = 89 ONIH H3SM10 o
4 930 €01 = V3 ONIH U3SN4310 s
o
o
2d
g <
3 m
o3
1=
°m
4 930 69 = SNV °e
SONIY ¥3ISNHAO 83
GNOYHS® °
S
MOH-SSOBI HUM o
4930 096 = {dNi £
¥ FAON °
s
ol
©
Q
o
-]

137

e g et v = o




T ———— —— e - e~

*ROT3JSS0I) ON - (4 0S8) POR V Tepow ‘°dwey °*3xg I odi3 -9, einbya
{a/X) NOLLISOd TWIXY
09t (131 00Z 731 091 L 141 001 o 090 7o 000
L '} 1 1 A i A 1 L L. .
s
(-]
3
o
-3
4 930 001 ~ 89 ONIH HISNIQ °
4 930 86 = Y9 ONIY H3ISNHANQ 1 S
o

A

4930 €L = GNVL
SONIY ¥3ISNANAO0
anouHse

MOH-SSOH) ON
4930 098 = L4l
G3HAON v TBAON

-y

.

o

004 008 008 O'0Ov 00C€L 00U 00l 0'00L 008

-y

—y

i

(4 93Q) /UNLYHIINIL

138




-

[

*noT3sso1d - (4 0S8) POW Vv TepoN “-dwey °3xg J ediy -¢( eanbyd
(Q/X) NOLWLISOd TVIXY
3.« o«;.« ocp.« 2..._ o-.‘. a«... oo..- -mo o...o o«“e 000
- S
[-J
'8
o
-
4 930 €6 = 89 HNIY HISNHIQ °
4930 26 = ¥3 ONIY HISNHIQ f«
o
L
3
\ =
- O C
o
85
4 930 69 = GNV1 °0
SONIY HISNIAO0 83
QNOYHS® °
3
MOH-SSOYD HLIM s
4930 098 = 1dNiL | &
a3NAON V 13AON b
.w
o
3
©

139




*ROTISSO0I) ON - (d 056) POR ¥ lepoRr ‘-dmel °3x3 3 eodi3 *gL ®anbyz

{Q/X) NOWLISOd TVIXY

4 930 96 = 89 ONIY YISO
4930 8 = V9 ONI HISNHIG

o8l 14 00l wo 0% 0 a’o 000
. | A |

p

o

4

004 008 0'08) OO¥ OOCL O'0ZL OOl 0'00L 008 0080 0OL 000008

{4 93Q) 3WNLVUIdNIL

4930 €L = GNVL
SONIY H3SNHITO
anouHse

MOH-SSOYD ON
4930 096 = 141 !
gMNTON ¥ TIAON

140




09e

*ROT3SS01) - (4 066) POR Y TepoR ‘°dmeg °3xg I edig

*6¢ ©Inbta

o

(Q/X) NOLLISOd TVIXY
A o«Lu 8..~ 2.... cLu.— -«_.- oo... .mo e.L 0 o«..o 000
s
(-]
23
[ ]
| 3
4 930 16 = 89 ONIY ¥3IS4NA o
4 930 66 = V9 ONIH HISNLHQ 3
o
..
g
| ©
~\ 2
sc
°a
f
4930 9L = SNVL %0
SONI¥ VASNHIA0 8
GNOYHS® °
3
MOH-SSOND HLIM o
4930 096 = 1dNL g
A3RQON Vv 130ON o
8
o
3
o
o

141

L e




*ROTISS0I) ON - (4 069) V¥ TepoH “-dwe] Tvuieixg vbeug *08 oxnbta
(Q/X) NOLLISOd TVIXY
e‘r« nnh« OOP 4 !w. 1 om. \ o«..— oo- 3 -W 0 oob.e .M 0 000
8
°o
/Ijl‘ vm
4 930 €8 = 89 ONIU H3ISN44Ia
4 930 08 = Y9 DNIY HISNHIQ
-8
o
o
-
fm m
4 930 00 = SNVL [
SONIY U3ISNLIQO 3
GNOUHSO P
o
MON-SSONO ON
4930 090 = 1dNL
Vv 300N m
-
e

142

o —— =




T e mm—— — e 4 et s e

*ROTISS0ID ON - (3 068) ¥ TepcR ‘°dwsl Tvuleixg uvHamQ *tg @xnb1a

{Q/X) NOILISOd TVIXY
09T 8Tt 002 oL o1 oz 00’ °0 050 7o . 000

4 930 9 = 89 ONIY ¥ISNII0 .\\}

4 930 68 = Y9 ONIY H3ISNHIa

o'on
(4 93@) UNLYHIdWAL

-y
oon

4930 {9 = GNYV1
SONIM ¥3SNAHaO
QNOUHSO

T
o‘on

MOH-SSOB) ON
4 930 096 = 1dNl
v BAON

LJ
)

0°002

143

o m e e am mmr

a pd
.1 -
P N -
- T
- .ﬁ".r"




*AOTJSS01D - (4 0S8) V TepoW ‘-dwag Tvulaixg eohemp °zg eanbra
(Q/X) NOLLISOd TVIXY
092z 2z 00e o1 091 Al 00'l o 090 20 000

s

o

L

403098 =89 ONM ISAIID T e
3 930 9L = V9 ONIY IS

£
8 m
3
rm m
4 930 €L = GNVL [
SONIY HISNHI00 3

anoOWHSO $

o

MOH-SSOHD HLIM
4 930 098 = 14Nl
v 300N -§
(-]

144




*A0T3}SS01) oN - (3 066) V TepoR ’-dwel Twvuieixg vhemg *¢g ®1ubja

(Q/X) NOLLISOd TVIXV
On..« .N..« Oo..« .hb. t O.%— GN%— S»MI .h..o QW 0 -N.-o . 000
s
(-]
S
930 L0l = 89 ONIY ¥3ISNIQ
930 901 = Y9 DNI¥ ¥ISNIQ |
-8
(-] m ,
I
° 2
g M
tg
4930 2L = GNVL o
SONIY Y2SNN00 "
GNOWHSO _
-8 ..
-]
MOYH-SSO¥D ON
4 930 096 = 1dNL
v 300N ,m




o —— — s T,

09t

*noT3sso1d - (2 066) vV Topoy ‘~dwal Teuleyxy ebewg *og exnbiad

{Q/X) NOILISOd TVIXY
) o«h« OW» 4 !... (3 3-.w ou;.— OW.— .M.P 0 OOL (] -ﬂ.~° . 000
1
(-4
-3
[ -]
4 D30 #8 = 89 DNIY HISNHIQ ./J/f.
3 930 6L = V9 DNI¥ H3ISNHIQ

-8
(-4
-8
(-}
i

4 930 69 = GNVL

SONIY HISNANTO
GNOUHSO

-5
[ -]

MOH-SSOND HUM

4930 096 = LdNL
v "BAOw m

4 93Q) WNLYEIINEL

146

o N Tl ok

i
o
i




*AOT3ISS01) ON - (4 0S8) POoW v tepom ‘°dwsl °3xg vHhemg °Gg ®10b7d

(Q/X) NOILISOd TVIXVY
092 oz 00% LT 091 oz 001 20 080 st0. 000

4530 0L = 89 DNIN ¥ISNIO /\1/.
4530 0L = VO ONIY ¥ISNHI]

Se

\J
0'00

(4 930) uNLVHIdNAL

-
oon
TS S

147

4
oon

4 930 €L = SNV

L

:

MO -SSOUD ON
4930 098 = 1dNL
Q34IGON vV TBAON

.7
oot




*ROT3SS0ID - (31 058) POW Y TopoW “-dwe] °3x3 vbewp °9g einbid

(Q/X) NOWWISOd TVIXY
! GMN OW. 4 nw. (3 OJ 3 n«..— QO~.— .sﬂo QMPQ .N.P 0 000
s
(-4
4 930 €8 = 89 ONI ¥3ISNHIC
493028 = V3 ONIH ¥3ISNHIG @

-8
g
g m

-]
d
m
i3
4 930 69 = GWVL i
SONIY U3SNIQ0 -

anNoWHS O P

o

MOTH-SSOUD HLIM
4930 098 = 1dni
Q3:IGON V TBAON jm

148




——— m——— — . . - =

*A0T3SSOI) ON ~ (4 0S6) POR VY TepoR ‘°dweyl °3x3 vbewo °,.g @anbig

(Q/X) NOLLISOd TVIXY
oo.«l 0«..« eob t 4 ohb.—l o\o_.— o«~.- onw.- -h..o QOF.O .ﬂ..a B 000
-3
(-]
3
4930 ££ = 89 DNIH HISNIO
49302, = V0 DN UISNHIA ¢4
-8
g
t B
d
-
t2
4930 €L = GNVL e
SONIM HISNIIT@ n
.o !
MO H-SSOHD ON
4930 096 = 1dN1
Q3LIGON V 13AON Tm
L3
o




*n0T3ss01l - (2 0S6) POR V 12poN ‘~dmag °3x3 vheso “ge @a1nbra

(0/X) NOLISOd IVIXY
oa_m n«hu oc..ﬂ u“.— 8—.— o«%— oo..— thmv O\-h.o .«.-W . 000
8
-]
t:
4 930 ¥8 = 89 DNIY YISNIIIQ /:c
4 930 8L = V9 ONIY HISNIQ

Se 3
-
-8
o
E

4930 LL = GNVL

SONIY UISNITO

Gno¥NSO | ¢
ﬁul
-]

MOH-SSOUD HUM

4 530 096 = 1dN1
G3HIQON ¥ HOON -8
-]
-

{4 93Q) 3WNLVEIINAL

150

T T e - 1 v YA A g NG 1 s o e e e

i e e

T T




*A0T3SS0ID OR - (I 069) V¥V Topow ‘~-dwa] aueid 3732 *68 8aInfya
(SWU/H) NOLLISOd TVIaWVH
) T o1 *0 0 vo To 00 vo- vo- oo- so- o1- Ti- i
w
o oﬂ
® ® * r.mu
° o °
° ° m
° ° m
.. o® ﬁ.em
L P m
°
°
oovoooocooooo wmm
r.mm
°®
MOH-SSOHD ON mm
4 930 099 = 1dNL
v T300W

¥
0°00L

151

]




T rm— e .

*ROTISSOID OR -~ (I 0G69) V Tepow ‘~dua] osuwyd 3I¥xd *06 23anbya

(SWU/H) NOLLISOd TYIaYY
v._ml N.-— Og.m ..-O ..»O '..0 «.-O O.M N.\W. O.LJ- ..»Olu ..>°. 0.-—0 ﬂhas ri-

4

-8

o

°

. y fmm

o
. . ,mm

. o
° °
., . i
® e
®e o ® ¢ m
°
ooooooooooooo rmm
38
MOYH-SSOUD ON oy
4 930 098 = LdNl
v 1BAOW

\J
o'00L

0°008

152




*AOT3JSS0I) - (I 068) VY 1epoR ‘-dmel eueld 3ITXY *16 ®3nbta

(SH/Y) NOLLISOd TviIagVvHY
' Tl 03 0 90 ¥0 TO 00 TO-  ¥0- €0~ #0- 0} ET -

4

° ® w.w

o
) g
. . 33

[ -]

°
. s
™ 'm m
° ° ° m
°

* o’ mm

° . o
... . 3

°e, . i
000000000‘”0 mm
58
MOH-SSOUD HLIM oy
4 930 098 = idN1
v 100N

(3]
[T
~




*A0[3JSS01) O - (I 0G6) V Tepor °‘°dwe] sueld ITXxd 26 ©1Inbta

(SWY/H) NOLLISOd TVIQVYY
! u.-— O.-— ...0 ..Fo 'Lo N.mv O.-O : N.»O- v.-c’c ..-0- O.»O- O.Ppc N..—a -

°

-8

o
° ° M
,m W
° . >

. . £
[ ] ® ﬁ m

[ ] o m
. . m

° . °
° . . .o o ® Tm d
® . o m
° o ®
® 0 oeo o ® rm m
MOH-SSOUO ON om
4 9530 096 = 1dfU
v 13AON

T
0'00L

0008

154




*ROT3SSOI) - (1 066) ¥V Tepon °*-dwel euerd ITx¥ °c6 ewmbya

(SWY/U) NOLLISOd TVIaVY
¢..— N.n Q.-— ..-o o.mv HW N.-O O.PO N.-Oo Q.PO. ...0. “PO. Ow-o N.P—- vi-
°
. &
[} o m
ok
o
- . mm
g °
. . 3
° . o rmm
°
[ ]
* e, . * f.m
e, ° °
L P [ J -
MOH-SSOMD HUM on
4 930 096 = L1
v HAON

T
0'00L

L]
0’008

155




 —— s e

*A0OTISS01D ON - (4 058) POR V TepoN ‘°dwel euwyd 371X3 °*n6 oinbya
(SWU/Y) NOLLISOd TvIavY
Q.— N..— O.— ..m o.mv Q.W To o.bo N.M. 0.-01.[ ..rca Q..O- o.r—. «.p-o i

°

° r.w

°
g8

L

: b
° hd mm
° .om

) ®
)

° o ? rmw

° ° o
Ce, ° o? MM
e o® -3 d
e o ® 0 ® Y [ ] hd * -0”
MOH-SSOU) ON .om

4930 098 = 1dNlL
G3:iO0ON ¥V T3OON

r
0'004

156




*A0T3sS01) - (3 0S8) PON V Tepow ‘-dwe] euerd 3IJX¥ °G6 @Inbyd
(SWH/H) NOLLISOd TvIavH
m_m o1 w w0 ve ¥ oy te v w» ey oy B v
4
b ™ B
g
°
] 8
-8
® ® om
°
-8
e ® ¢
. °f
. .
. -
° . ° m
°e . ., . *
® 9 ° ° L Tmm
o0 o00° °R
29
MOH-SSOUO HUIM mm
4930 098 = LdNtL
Q3aLiaon v BAON

0’008 0°00(

157




"RO13SS01) ON - (4 056) POoR v Tepow ‘°-dwsy eueTd 31y 96 ®1nbLd
(SWH/H) NOLLISOd TVIaVY
%o o vo ¥p o0 T ve wo- 8 oF @ v
4
. I8
[ ] vmm
5
®
®
o 'mm
. .
e om
o ®
o °
° ° 'mm
® 9 e o ® ® .0“
[ ] L I ° ® =
oo ° 1mm
MOH-SSOHD ON oy
4 930 096 = 1dL
G30ON ¥ BOON

a00s

0’008

158




————— e ——

*m0T3SS015 - (4 0S6) POW Y ToPOW ‘-dwej sueyd 3§3@ L6 @064
(SWU/H) NOLLISOd TVIGWY
vt e w9 wo vo Fo 09 re ve e W o @ e

4

Y [ J ﬁ.“

° o
C B
°%

°
. *mm
. . g
°
. Y 1mm
° ¢W
® °
o
‘e ° o’ .mw
°e, o 2
L ® 9 P [ ® mm
MOH-SSOBD HUM 44
4 930 096 = 14Nl
Q3HHOON ¥V TBAON

¥
0°00L

1
0°000

159




BRI

*{1 056) ¥V TepoR ‘uostiedwo) *dweyl eueyd 3ITxg °ge eIubT4d
{SY/¥) NOILLISOd TViavY
1 T oy ® o vo T o0p T vo o - o Ty e
o L
o
® c e

° &

8 o ®
T

°
o ° e
° °© o
o® o ° o i
o ¢ L ° ° ° . ® ¢
O o ° L4 ° -] ° -
o, ° o ® ®
o8 L] oe®

ooo cee?® MOTH-SSOU) HIIM
oo MOH-SSOYO ON s

4 930 096 = 14Nl
v EBAON 5

0000 0008 000y 000C 000 000 00
{4 93Q) IWNLYYIINIL SVO INVd L3

0000 0OO0L

160




*{2 0S6) POoW V TepoR ‘uosyiedwo) °dwe] euerg 37xd *66 2anbya
{SWU/¥) NOLLISOd TvIavY
o..p ..mw ”n 0 Q.Lo «..o W. (4] «.m. \ 4 -o. ...o. ..po. o..-o u.-—. '.-F-
e
° L §
o e °
® ° ° rmm
° o wm
° o
o] ﬁ.m
o o ® om
. o
o o 9 ¢ 1.W
° o e o
8 o o, ®
o
Sou, . . e fmm
m
*80qy, 09° MOH-SSOUD HUM O =
o MOM-SSOUD ON @ E1
°
4930 096 = LdnL 3
G3HIQON YV T3GON

*
0'00L

161

e
!

- a

AT 1 Saciiain

e Bk X T e e &



M|

TABLE I ;
Rotameter Calibration Data ‘
I
i
Rctometer Weight Weight Vet Piae Mass Flow
Readipg ___Zapiy __Full __ h’gz‘ Plow Rate
(9%.) ___(2Z) ___(3z-)___(sec.)__lbm/ssc___GRH_ ___
08 67.0 29.5 37.5 120 0.689 0.345
09 84.0 30.7 53.3 120 0.979 0.490
10 103.3 31.8 T71.5 120 1.314 0.687
15 173. 1 31.1 142.0 120 2.609 1.308
20 256.7 31.6 225.1 120 4.135 2.070 ;
25 381.4 31.9 349.5 120 6.421 3.214
30 520.90 31.8 488. 2 120 8.696 4,489 .
35 342.9 32.4 310.5 60 11.41 5.710 |
49 397.8 32.1 365.7 60 13.484 6.725 ;
43 423.3 32.1 391.2 60 14.37 7.194 ‘
40 757.7 32.4 725.3 120 13.33 6.659
35 851.5 31.5 620.0 120 11.39 5.701
34 629.3 32,1 597.2 120  10.97 5.491 !
33 603.2 32.8 570.4 120 10.48 5.245 5
32 582.5 32.4 550.1 120 10. 11 5.058
31 558.8 32.3 526.5 120 9.613 4,841
30 530.0 32.0 498.9 120 9,149 4.579
29 500. 8 32.3 468.5 120 8.5807 4,308
28 475. i 32.2 443.2 120 8.142 4,075
27 450.5 31.4 419.1 120 7.700 3.954
26 426.5 32.4 394.1 120 T7.240 3.624 '
25 395.9 31.2 364.7 120 6.790 3.3%3 !
20 267. 1 32.2 234.9 120 4,316 2.169 o
15 169.0 31.9 137. 1 120 2.519 1.261 i
10 104.6 31.9 72.7 120 1.336 0.669 i
08 72.1 31.6 40.5 120 0.744 0.372
30TZS

1) Average fuel +eamperature 61,79 P
2) Tuel: Yumber two diesel; specific gravi:sy = 0.862
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TABLE II '

Thermocouple Display Channel Assignments, Type K

Channel Assignment

Exit Plane (TEP)

Planum Ambizat Temp.

Uptake (TUPT) '
Burner (TBURN)

Nozzle box a2t “he position i

U & W N =

of the removed burner i

6 Mizxing Stack, Thermocouple (10) .
7 Mixing Stack, Thermocouple (5) i
8 Mixing Staszk, Thermocouple (9)

9 Mixing Stack, Thermocouple (8)

10 Mixing Stack, Thermocouple (12)

1" Mixing Stazk, Thermocouple (7)

12 Mixing Stack, Thermocouple (4)

13 Mixing Stack, Thermocouple (1) :
14 Mixing Stack, Thermocouple (6)

15 Mixing Stack, Thermocouple (3)

16 Mixing Staczk, Thermocouple (11)

17 Mixing Stack, Thermocouple (2)

18 UNUSED
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TABLE IIIX

Thermocouple Display Channel Assignments, Type T

t=
f\]

=
I
o

DX 3 O N EFE W -

T S Y +1
X 3 NN E W L O

i

164

Fuel Supply
Ambient Air (TAMB)

Inlet

Air Supply (INH)

UNUSED

Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model

A, Diffuser Ring 2
4, Diffuser Ring 3
A Shroud, X/D=0.625
A, Diffuser Ring S
4 Shroud, X/D=0.750
A, Diffuser Ring 5a
A, Diffuser Ring 5B
A, Diffuser Ring 1
A Shroud, X/D=1.068
A Saroud, X/D=0.125

A Shroud, X/D=0.375

UNUSED

Model

A, Diffussr Rirng ¢

UNUSED

&

e

- “)‘ )
b amansi




-

TABLE IV

Model Characteristics

Hcdel 3 #2isl A Modified
Mixing Stack Asseabl 1.5 1.5
L;D (overall o
Mixing Stack
%§§ide Diametar (D) 7i182 71152
Rows of Film Cooling Slots 4 4
Shroud Start Position (X/D) 0. 15 0.15
Diffuser .
Number of Rlngs
Rin Lenith (L/D) 0. 101 0.101
Half Angle
Film Cooling Clearance 0. 188 0.188
Stand-off Distance (S/D) 0.5 0.5
Primary Nozzles
Number . 4 , 4
Type tilted -angled tilted-angled
(15,20 (157207
Am/Ap 2.5 2.5

165




fzZoo0"0 4212
€e9o0’0 I ez
f£290°0 S*el
ftea0°0 922
FZo0*0 92
*270°0 L 22
*Z90°0 LAFY]
22900 o*R2
8Z?20° 0 1*8¢
f#230°0 2° 62
1€90°0 Yy
0¢%0°0 vy ue

S/1 9
“Ivan nn

vzl

1°Re 1°072 soo*o LIRS tzhco 000°0 0030 0000 LY AN ] 0000 LYE A B 4 ]
612 S*ove 62e0 1to*o (X420 ] 600°0 A9v 0 289°0 (Y224 ’ 000°0. [YX LR}
9vazi z2*0?e Now=0 €?0°0 fZR*0 6100 " 30 6Re4°0 1451 000°0 [XA A} ot
LA 4] [ T 44 94w 0 oo zZn*o0 ®?0°0 260 °0 s€e°0 2304} ono*o 24%*Y o
LA IR S*p?Z con-n 450°0 2ze*0 4%0°0 bl ] 6%9*0 ALve ono*o L )
*c 2t L4072 ROF 0 iti1°0 zenco L6000 L0 L3 A T3 A0 ] 000°0 4ee°1 4
LALY N 6°072 te7a tet-o (XL 2L 9ti-o 5620 9fv 0 acect ocov°o L7500 BN ]
5°501 L*rze 617°0 vwio fenco fet*p LISAL ] [T AT sgecy ono°o LD B
600" 0 e7e *S1°*0 wlz-o £ZR°0 0810 e9t -0 o%Z*o v@v°t 000° 0 *@="1 [
5*l6 1eezre olit o ZsT*0 fZR*0 40¢°0 0zt o sLL*0 L 2L AN | ono*o et ¢
L°f6 [ A ¥ 4 L1 A PZ*0 €ZR*0 tFe0 »9%*0 $60°0 .1 LA 0000 [ 1 LA ] L4
6*ng e*e”7e 000" 0 £t?L*o0 ¥ZR*0 99¢°*0 0030 000°0 (2L A} onoo LU LA ] 1
$70 4 S714 S/n S/uyy S/uR Y LYL LR
nn on vercagrca st/ea LT} Ex] EL) Se an 4 vdn e
o3¢0 420 go0°0 o0°w **ty 0%zl o*cat 0°*0 [ A4 .12 og 2 oz°fr et
4 LN 2 o1*0 S6°2 L2 ¥} 0°94l o~Tgt o*0 w*ont oc*zt [ Tad 3 (9]
SZN* 7?5 020 084 1°te 0°9at 0o°2gt 0°0 coent oc 2 ot 't o1
OSR*HE ofr°n 0L°s £*1:2 0°9ut [ A X 1] 0°0 vrua oc*zt [ A0d 3 L}
fo2~22 050 L 12 f e 0N o°tet 0°*0 o~erl oc-Zv ot*f 9
92t el co° v ot*¢ €*0z 0% [ 2] 1*994 otz cl°f 3
sus* 11 - | 0% "9 LAA ¥} o*9ut [ -} [ g 14 oct2t ot*r 9
(X L A4 ] [ 124 S%°9 11 0°Gcat o191 0°0 6%2 @Y aec 2t ot f S
1ore*s St 0z°9 P04 accgt 0o*tlet o°0 y*qnl ae*2Y [ 1042 ]
LA d 8 K72 06°S Laa ] 0°cal o*tay 0*0 el [ L A% 4] ot*r [ 4
1921 &5°2 09°s [ A V] 0°Gpt oetet [ 2] 1°z281 os 2t 00°f [ 4
o000 os°2 [ ] SRS 4°02 0°ve o*J8t o°0 1°208 0~ 2t eo0°f 1
Ni 0SS oZH vt Uz Nt 4 930 4 930 4 930 4 938 o7n N1t M el
vIuvy J3s Nda Ldna vy a0 CELLT vion vy Na 130 e L]
o4 SINONE RIC67 TIWNSS Ing ANITUwy 1565°0  vawvd
05°0  :D1IWM H4N0UNVES 06°Z Idv/av *0liva v gy
oSt 3O/ NIVES INIRIA S 340%1 olg*y Mt JnviIO P
S3MONE LA BT 3 28I ImvIQ WIVES INIxlw S NE %22 $MAINVIA 3 ION ANVAlnd
SIHINTE 222 THIDVIY NIVLS ONIXTw v 3SINITON Auvaindg 40 8¥Wwnw
S3794YiS *3I°Y AR NNyl VivVO0 € 435 ol tI vy
HISAIANN NEN S
tadn} oes IINVANU I8 Ig DY AN see

mOT35501) ON - (4 6/T) V T2POK ‘eieq °J3=so) Bupdung

A T19VL

166

go

P
x




o .-

92%0°0 [ 9483 $°G0N LA 424 000°0 000°0 Zivto ono°*o 803N ono*o ago° 1 400°V 15014 et

1450°0 9t £~2vl (A2 T4 L X404 Qloro 1490 400°0 X1 544 2ti*0 £G0°* 400°0 rGat u N
121500 91 h f*0vl FAX AL 4 f0G*0 2?0°90 LW 2] 110°0 LI I R [ L7 ] RGO 4000 156~ ot f
24500 G°(h yeoLt [KEN T4 "yw°0 1f0°0 Ziv0 I ne¥=0 £A%°0 (XA AR] i400°0 zo0*1 © .
2254°0 L 24 1.1 areLt @°vae zZge*n £50°0 ?Le°0 %70°0 095 °0 2650 250°1 400°0 ngO1 ¥
24500 LRI LA Al %4 2214 LX 4 ] 911°0 w0 ©50°*0 fpev 0 £2%°0 183t 400°0 oune? 4 '
LSOV 560 genegt 0°4%9¢ t97°0 Zvt*0 2iwcn 490°0 167 °0 rIv*0 167 ¢ 4000 [ 1< L) 9
£1450°0 5L h 91N t AASLT 4 nzz*0 *ut1”0 f1%°0 2R0°0 wiv®0 eceo 160" 100°0 ngo*1 S !
QiS00 9L tezit 859 L1 2 ] [ 4 Ad ] [ 0] Y0Ol°0 zer 0 ef2Z*0 1501 400°0 osh*t [ ]
a450°0 9°th neftt 0592 wti*o (2 YAV Ta»n ag?v°0 LIURA 9910 2630 400°0 osn*1 €
14%0°0 S°Ee L0ty 2°59¢ 190°0 [ LY ] wsto ¢F1*0 G83 N 060°0 qQgnet 400°0 av0° 1l 4 M
fL50°0 L€ 0°901 9° 5% 000°0 17280 [ XS 2] 530 ouIth [ LI G0 100°0 et 1 '
S/1 4 s/L 2 S/713 S/untY s/a8) S/afty LYL '
WYy an nn wh an [TAXT IS LY [IPAT] L1 [T} sa s an 2° vee 1]
93 900 nEe 9°G9 LAE A% [ AN 28] 0° %2 6°9onrl 0zr’y [T 443 t 41
FL LA 1 FA R nz*e 299 09,9 [ 14T 2R 0?7 geont 0z*Y [ T4s 13}
¥ A ] a0 oz ¢ 099 0°9%9 [ STX A% [ 3114 990t 2029 [Tad3 ot .
HGPHE s2°*0 otz a9 0v559 fceott o s? zeant [ T2 ] az°’y [] ~ m
[ YA T4 o%°0 069 t*o9 0°%59 nevoll [ 2414 S 9RY [T 24 [ 1041 ] O w
LT YA 4] unr-a as*y a4° 99 N w69 oesoll 0° %7 z 9nt 0zc*9 ot°f rs — m
cgs* )} -LAS] (] 2] R*GY n=sy9 0’61l 0°s”? (24 E 1} LTAd ] ot°r 9 w
fow R et ol°9 479 nees neentl 0°G? g *9al 0z*'9 [ 204 s :
tof°% AN oM°G 6*99 N*e*s9 o°rott 0°s? s°sat 0z*9 ot v v
wESST teact 09°S €Ny NnFeo o*rotl 0°%Z o°9nt [T 24 oy T 4
1911 [ 14L4 ae*s %29 0°FsS" 0°sB1Y 0°4%? 1% 029 on "t z
000*0 g2 00’S fe99 0° %% 0°)oell 0°%? 'S 029 00°¢ ]
vl 9% D2y Ny ozw N 4 5% 4 nia 4 236 4+ 970 o7H ! 25 Nt
v 3uv D% N idg 1 dana L1 101 N9NAL vi0H “al LT RE L [T un
ou 6 WL 16°0C 2 IuNGS N CELNCLAS [L Y354 LY RNYD
06°0 :0li¥M 200NV LS 0G°? tdvsav °CGlava v nv
oGt VAR PN oNntein € 343N np1s°¢ IR LAALY Iy lant
< 3N ret L ) Invi0 wIvys Onlixia s 34OVl LY A 4 1m3) dnvi IVITUN Auvn tud
sINY TP} DN 31 WOVLS AINTRTA v :631270% Advatyd 40 w NN

$374¥1S * 2y ARl Ninyi VYO R 9NV 04 s 3w

#IGN IO ONIN S
0cy tiani 099 ES M SLEL RS oIy L0 20

mo13ss01) oN -~ (4 099) V T2POK <gieq °33oon Bupdumg

1A T1EVL




QHWGD* 0
AVS0° 0
fES0°0
4850°0
4850° 0
A0S0 0
AWG0* 0
HUSD* O
Rfaso0° 0
ABSO* O
59S0°0Q
suS0°*0

Hivan

[ X411}
CRE4-1]
820l
4201
=0
gcZot
220
w201
g~2ot
2°201
etzol
0o°L01

S/714
an

058

noT38803) ON - (4 0S8) V TPPOR ¢gpjeq °3joo) Buydung

1IA 1AV

o2 [ A4 Y. T4 %00°*0 onoo 20**0 ono°o 0ol *0 ao00°*0 Co6°0 5600°0 opsn 28
L5t Qe*eas [ 134 ] «t0*0 fov'o @000 99N 19s°0 S65%°0 600°0 aga*o 1t
et be2e2 LIIAd] %700 fo%'n 0100 agI“n 200°0 Q660 600°0 ogn*o Ot
Ze74%1 G Ehe Qs *n wyo“u tos*o s10°0 162 *°0 L1Y 84 ) (31241 600°0 *u6*0 o
9ol £Zn2 Lav°n V20U LA A 4 8zo0*0v IO 2590 b0 (1,1 2t 1] Sus*n @
vetet >Rl 4.7 4 hef =0 sFLt0 "0 *50°0 0zZ3*0 91%*0 56°0 600°0 60 4
ZeRgt [Rg X7 1of°0 [CIRS] sy*-0 $90°0 L7 AL 9ev*o sot°n 600°0 [-TTSL I
(&Rl N ] 0°L 6L LT 44 ] LY A LI Ad ] 080D 497 *0 9L *0 fon*0 600°0 Sus*0 S
o*hAZy 6 Zne T280 weZ*w Yo®*0 vosco 5520 €520 Z66°0 600°0 fa6°0 o
e*G2 e 2Zn2 1¢v 0 oRZ*0 s0%°n €110 LI ] 610 7650 000 fo6*0 €
LABFA] 1°Lh2 s9n*0 *?L*0 500 if1°0 463°0 00 et 0 600°0 €£96°0
reant s°¢n2 oon-n 19.°0 Sov°n 9%i*0 aur*n ono o ro%so o000 fun‘o ]
s/t S/ ) S/wRY  SszeRY  S/zaRY S/wu)
wn an [ZAEY FEL] ¢i/ta L3 L] EL) k1 dan L van uw
%8t338 on*o of ‘e 0°s9 o°IGH [ A48 L34 T4 [ A4 4] ] nsE°S oFr*e (4]
26699 S1°0 [T 44" 629 Dehew [ A5 E-3 N [ 34 14 [ A4 1. [ ] 9l ) of°w (B ]
Y4 A d-) [ Tad U aZ*G 6°29 a*sef ocgwtt (34 14 [ 34 221 [ 194 ] ofF e ot
L1 AXLTY of°o0 ol°n €*r9 0°6ed o°*Ssetl [ 5d-24 (A4 2] L1 94 or°e (.3
fe2 22 SS*0 os°e L ad 44 0*swvR o°TsIt 134 14 [ A 1. 2) (.1 4] or°y @
ZL* el S0° 1 o'y t*ny g neR n-rstt 67 £oeRt ot °s or s 4
LTLART ] L2t [.T4L"] qran o*PeR neorets s*b2 1°vay oS oree °
Feo*pn FL 4 | ob*s =89 L 2 204 [ L0228 L% -1 1 zovay L1 i) ores S
10F*s SH6° 1 09y 1*99 LA L A ne2gt [ 34 -1 4 [ 344 1) oc*s Q1. L ]
SEGF 02°? 0f *2 6«09 0°oeR neIct s*6? [ AL 1.0 | (194} ot €
9Lt [ A4 4 [\]' R i1°Q9 0°QeR ottt L3 - T4 6°CAN 0c*s oty L4
oon*0 SR°2 nL*9 &Ry A4 A 0°JI511 §°67 [ R4 2] ) [ ] ot~ [}
9l 23S azH ND o+ N1 2 970 4 230 4 990 FRLRL ] 07n Nt 21 N
visv His NV Fand Anv i dani [(SLUTY vion "y Ng 130 [ oY
o4 S PN 2% 0f 2 INVSS Mg INFldny . vliof 1t tvany"
06°*n  SDIIVH J3NUNVES 062 tdv/ay *Olive ¥ e
[ 234 s/ MIVES INIxiw §34I88 016°2 NI Iuviu dwvian
S3IHING zer s Ty IMVIC NIVES ONTXIn S IAINT LY A 4 tMit3nelQ 312708 ruvelad
SIINE 2 AN 319N 3T AIVAS ONIXIn v $53VI2UN Auvuiud 0 3@wWOR
S314viS *3°¥ At NIwvi YivO €8 onv 1€ :3Mw0
HISNI4I0 INIHN &
sacnt LLL] INVANU A s DT A0 (13

168

'
+
N




1670V
FHC0°0
t6nQ° 0
T6G0°0
1650°0
LN AR
taco*Q
Z26G0°0Q
2650°0
7650°0
1650°0

76500

Hovan

g°tol
sciol
e°int
gcLat
9ciot
e*iot
5ot
410t
2°c0t
s°Lo!
(S §: 1]
9Ll

S/t 4
nn

o%e

:olier

ongraQ
sl1a°0
“20°0
tv0°0
vu*o
0%1°0
LA Bl
97z°0Q
a22°0
sty o
€6 °0
S6C°0

(I VAZ:)

oo°*e
[ R4
[ TR ]
0L
ov’e
ae“e
04°L
ov°s
002
09°9
Ge*9
or°9
o>n NI

sAaNg

2 WSS ING LML uwY
24DOVY LS
Q7Y MIVAS INIxin
10 9IVIS Onixls

Sovn
spvcn
coven
"Owe0
LY L X3
L0%°0
LA A
40%°0
L0 0
LA 4d ]
®hOoS*n

’Ue O

L2

Qve
0°vy
0%,
1oy
L3 7Y
NSy
6*9y
B°Gy4
¢*ve
L R4V}
teve
vy

# 930
Nav

THIDONIY NIVIS oNixis

S3V1gVIS *I%8 AR NIwel vavay

o Rt ST oorto
2rst 84062 SuG*n
[ Rk1"N] (A7 4 SeGtn
£*5%lt L A 74 sZS*n
1241 1°sn2 one* 0
2owe? 4174 LYT AL
LI 13} AR LT zzec*o
oc9oLt S°ehe 89720
Ac0E Y [ X9 ¥4 tst°0
svo2t (-3 1. T4 821°0
fe221 [l 1.7 4 fA90°0
CEFNR! 0 %he ouo°o
S/1 9 S/1 4
why an Yo 32t
s83808 00°0
Zotc ey si*n
g2 2% [ T 4]
HSR 6L 2¢°0
tez 12 46°0
A T¥ g LIRS
Suse 1y enc
[ X124 [ VX2
10F*% (S R4
L1342 FIxT4
e91° 1 zZt-z
0go0° 0 (1. A4 &
vl 0S pen N
vIwv I35 LRt
oM S IMINT 6662
Q5°0
0%t
S IHING Zet*e cuI2INY
SINING Z¥°2
Taany sse

ogra-55und NI

nISNIII0 INle &
FINYNHU M Ad DTy B0

0000
eng o
olo°0
«10°0
ofo°u
190y
YT A4 ]
260°0
€veco
w210
w10
1210

L L)

0°65q
0e09R
aeaga
o~o9R
Q50
or9ge
nren
neSeR
[ 3221
L. A A1 J
o fen
0°NLM

4 230
sang

000 onhu*o ROAD
2430 LLT"Ag ] A9&°* 0
zi13°0 9R4sc0O R96°0
ret 0 9sz°0 19%°n
it o 409°0 196°0
593°0 iIrs*o 99%°n
LY R ] Z9e*0 1960
19t 0 wito 29%°0
"AQ? 0 0%9¢°0 29%°0
161 °0 wRi®o 998°0
10t °0 es0°0 [{ 1341
[ TR oro*o ayaco
S/mPy S/audl
se se on
ocoutt ocw? £°Shl
ar*Istt oce2 [$4 3]
ac3etd L AL 24 o*58?
o°3Intd [ A4 24 1°501
[ 27 22 o°y? [ 2411)
[ AL YRR o°w2 §°568
otwl) o w2 1°6a1
0°r91! .24 14 [ 3413
o°3ut o*er 54 4.1}
n°rett [ 1471 4 [SL 13}
0°%;:11 «*e? [ 3 4.1
[ 21 10 34 14 [ 24 1]
s 2% s 9%
N3nM vion Hyyg
[ 1344
S MONL MWNW&-

L1
1931 mvIT IVN270% Aw

#00*0
9o0°0
epo‘o
an0°o0
eno*0
9000
woo‘o
$90°0
eno*o
900°0
900~0
[ L1 Ad ]

S/7any
F]

ne*s
nE*S
oF°S
0nr*S
ogE°*sS
[ 944
06’s
ac’s
oL*S
or*s
ot*s
ot s

07w Nt
‘g t40

stor~t

tdvrsav

0960
a9ato
(1 184
A6°0
ASH* 0
RSB0
GO0
asAco
ASH°0
L1 ]
250°0
156°0

S/wy
s

on°e
o0°»
o0
L1348
[ L343
ancs
(1343
[ L3 2
Ok ¥
SReY
[ LAy
oref

LN
N

L4}
1]

[ -]
-

- N " e & 6~ €

z
[}

- ™" e 8 OO

o

TVaANYD

*olive vInY

NIt et Fveten

Tud

1S 112708 AgValad 0 sInnv

mo73ss01) - (4 068) V 19POW ‘®83I®@ "FI90D uydung

111a 3TEVL

" 43S SO

tarver

169




zZo%0°0
7L%0°0
76%0°0
26650°0
76600
F650°0
z6e50°0
oS00
f650°0
f650°0
v650°0

S650°0

Hyedn

L4100
LoE0N
[ AU
ey
v*eny
v s08
2~i01
f°201
£°401
v 10y
S*20%
4°201

a/id
nn

%L

g2zt A 114 ap0*0
6€* 798 LR TS (1K)
r o9t g°s0( [ A0
LAR AN | o 90C I Rd ]
1 o5l 0 90¢ fav 0
19208 090t zaecn
9 g et LS50t 1050
9 el 1° %08 Rw2°0
[ 3] [ X2 14 squteo
6° 0Lt 0*90¢ sotra
te2 2 5°90¢ gunc0
qezyt trenf opo*o
/43 s/713
1] oan 23 1151
e2e328 onen
?6t° %9 140
GZe*?% 0?*0
toH 6L [ X.4d
Tor* 1 e o
Qz¢ vl #0°1
ceset zeet
fevcn Lot
100°S (X244
LI R 4 [ 144
292°1 vQ*?
nonco oot
v} 0% pzw N1
v3Iuy 238 Ndd
ou § MOV
as*a iNtlww
o
LTV I B C A ) s AnVIQ ¥
FEVLUT IS Tk | sy INAT N
CERCLEL
L aani 900

t00°*0
oty
(¥ 2d 4
tfu~o
5900
ot °0
[X-3 R3]
»nZ°0
16¢"0
gne*o
1¢¢°0
0t "0

YA}

0%°6
as‘e
ov*e
[ I 4
ao°e
05°e
[
00°®
¥ I 3
ov*2
LIRS
[ R

o?v N1
I UL

QAGS0T I IWNSS ING INITHNY

420N LS
s/ MIVAS ONIxInR
yessS OnNixin
IPLS ONIXIn

uISNS410 ONIY s
3INVARD IS DR A0

145°0
Legc0
rEindy
148°0
Q;f°0
Re€°Q
24V 0
aerco
("0
a:9°0
22€°0
ti¥*0

LA ¥
G °Fe
o'vi
f°F2
a*te
0o°c2
PAS RS
LAl ¥ §
Hhe2e
1*2¢
ez
nety

+ 930
fav i

e3ery AT NINES vivQ

uouco
L0n0°0
booco
Z10°0
*70°0
150°0
Z90°0
420°0
(68°0
(A1 g ]
710
teyco

sd

ne sk
neEsG
Dresh
[ AR 4.3
o Coh
0°166
0056
0066
0 het
ncsve
0066
0*I156

4 930
a0}

moy3ss0a) oN — (4 056) V 19pOK ‘®3ed ‘3

IX A79VL

134

003°0 0000 596°0 010°0 soec0 20
ty2co ese0 cQ4°0 010°0 aun‘0 1
PZ3 0 LY Ad /] (1224 [ ] od J LTYSY 2 1)
Ygr "o 6290 c96°0 ot0°0 9%6°0 &
96?0 219°0 IOLY ote*o oun*D §
1 0 zZ7%°0 9960 oIp°*p egh*0 ¢
12%°0 G0 “ys*0 0t0°0 eghc0 9
1820 190 960 oto°0 60 S
[ %] [T 24t (1134 ] oto°o cLece
o6t °0 [ 104 Y60 010°0 XY AT BN 4
ror*o g$60°C L1104 olo*0 cynre 2
PO O ono°*o SOMD LIDTD [ XA d I |
S/nfllY s/nBY S/7a0 <sup?
se (1) EL - vern [3J
LIZY 4] s 1f (34121 00°% [ 124 2
0°362Z% (3814 [ &4 14]} 00*S orce e
[ 21141 (LR13 LAY L5 32 oz°s ot
03878 [ 2814 1°361 00°% or*e ®
0°s%78 S tC acwRy 00°% arce [}
0*2871 s*it [$4 L1} 00°6 or°e ¢
D*3621 Qe It [SA 1.1 00°% ot e 9
LA X4 (2814 (S22} [.1.04 3 [ 14 ®
o"LL2t (-S811 9cevet 00°S oty [ ]
pevgZy SOIF PRI 00 o1e .
0*5621 X1 Y Rl no°% oty 2
0 55TY G° ¢ AL 11 00°% atew t
4 930 2 930 ozn_~Nt L1
N3NRL vioN DR TY 44130 e oN
95%C * Teane
0%°% idv/mv “gltsve vinv
g3IIN)  DIS°2 sl IMVIQ dwvian
sawNy SJTE RLEE A IR Eag Mg i
@ 43S 2o v

joop Buydung

170




fec0°0
TH60°0
T80 0
fFo50L°0
26%0°0
76600
Zos0°0
fas0° 0
feGu*0
*6S0°* 0
*650*0
2000°0

Wiyan

8*101
410
9101}
g0
S*i04
[SF1:X]
€40
¥*4018
e Lol
S°401
9vin
[ Bd-1:1 ]

S/1 4
an

09%6

vavo [ 72 ]
6100 Gec*a
w00 L7 5 ]
S“v0°0 *7°0
[ R ] 9,€°0
ta1°0 2a¥°0
€61°0 245°0
avzeo 2¢€°0
L LT 245°0D
£fC°C tiecto
220 XS k]
S0v 0 228D
22/2d LT
oi*o stz
no°*o? 9ty
su*o L N3
[ 1 X 3 t AR IS
09 °6 1~22
00t 072
ne 9 1°12
[L1A4] n 2y
LIRS ) [AE &Y
LAY as0s
[ 12 PAa Y]
[ I ad'4 e~ 22
02y Nt 4+ 330
s fnv

$IUNSS INa INITUNY

0%°2 :NIIYM 33009v1LS

cn7T NIVIS INIXIW

IYAS INIRER

VIS N

§374VAS *3°8 AR NIwv} viva

sz 8°L0¢ oor~0
Zoeut [N [T L]
2°f9 [ LY 250
1°191Y FAZ N ARG
osent 6°90¢ 10s°0
Qerwt 9°904 [TT &)
é*Get 9*90f 3s7*0
Geivs 6°90¢ po>n
Qeat t Q*Lo08 0Lt°0
o7¢ 1°108 (29 B 1]
AN F A v 108 mn*o
[ A A T4 6"ttt 0060°0
S/L 4 S/44
i on *NTIBLEM
eo2end Q00
Z66° %9 st*0
GZw°?S Z?°0
11 24,14 [ ]
(4 T AXY4 z9"0
ezz* vl (YAl ]
(1A ] [ L2 ]
rfes*Rn cast
toR*w oF*?
L1204 2 09*?
292 [ 1AL 4
oonc a0 [ T4 s
vl DS new N}
viny 235 N dg
oK S IHINE a9° 6
06“!
GgaudNl Z2trce Tp3LIWvia »
S IHOINT e’ e THIDNIT ¥
2 ANt XL}

80 V3-S50 NI

BISNIAI0 WNin S
3INVarD 4830 DIy SON [ L2

Qo0°0
100°0
110°0
i110°0
050°0
o900
€400
6®0°0
1o
871’0
Z%1*o
£€T%i'o

td

o198
0*RLA
0°1%6
0°RGH
[ EL 1)
0°*?756
LA 21
[ A 11,3
0°066
0°het
LA 1
N FSH

4 730
tani

mo738s01) - (4 0§6) V T2PoH ‘®Ied

X AT4VL

nod 0 ono* 0 5660
gs 0 4%9°0 6680
[ i ] 12y 0 HEHD
(T2 R [ LY R4 ] 6EA"D
2we*o E74°0G LI
063 °0 ¥55°0 L heN
~03°0 420°0 €60
Ziv®n 984 * 0 REHO
197°0 Se2Z°0 PLH0
[ 1 1d ] et o f¢6°0
0t *D 203 °0 SEH°D
a0l 6 Qo000 1 134
sa W\Mnd W\“"J
043V 7% e* T £oent
2312} (3813 Teepy
[ M4 S IF skt
LA 1 %4 ] 321y ZeEa
o°*%121% (3812 e°cat
0024 s*IfE s*CAt
oce028 G* 1t geEnt
0o*0”1 s° 1€ 1cgat
o°tozt g ic tetat
[ 321 3R] 3412 s o
03BNt St it 9 eny
[AFE 221 (2813 (32 4 1]
4 9% 4 230
w0l oM LA 1Y
[ 13&4
S I3UING MWWW‘- it
v

M3t INVIC N2
$537270V Advalug 0 v

€8 438 %0

- 3390) Suydung

otoo
etg*0
oi0°0
[ 22 24
0f0*0
11 Ad ]
010°0
010°9
oto*0
olo*q
010°0
0100

S/nftY
4

asce
oety
aerce
09y
op°y
ouy
09°e
L1 A4 ]
(1 Rl ]
o8y
ey
[.1 2 4

oru nit
“a13a

9setE Y
*glsve v Inv

tdv/av

“Z6°0
oLe°0
[ 1154
nER°N
RZ&C0
ACR"O
azaco
aZH°0
A6 O
6Zo"n
®ZH"O
~E6°0

S/wg
v

a9’
o0y
as*y
[.L A
0S°*y
[ L
oGy
0%y
oSty
oGy
0%y
o5y

ou NT
HMaA

t4}
it

2
"

- N " @ O & &0

i

TINNYD

Iwl anvia VLD

oN Auvnlnd
IPeNnN

b 13 L

171




£650"0
THhE0*0
TS0 0
noav*o
00y 0
00360
ocuae*to
00700
00900
10900
70030°0
Z090°0

Wi an

40%°0
I0v°0
10v*8
tov*o
Qov°0n
40%°0
jancn
10%%0
20%°0
/o*°n
10%°qa

Q0% 0

t3

[ 71
1oz
.5
LA V3
1°€4
.5y
7w
LA X}
Ll 'S
Z°v2
a*€e
€72

4 9%d
ffuvw A

PIORALY

W tot 10 [ $41.74 000*0 oou 0
8°101 Lonst [SA .14 28§t o0 6t0°0
orent veest [RL 1Y zescq 9240
t L0t 1°561 S0k Dos*n wFO0°0
1°501 n°fGt L h6e £9%°0 690°0
0°%01 1°69) (2T *GE 0 wFEL®O
0°%08 |ttt 2eone [X 1] 69140
o 50l gezet LR 104 os2n P20
0°*%0! [ 3X4 Y 9 066 LYY Rd.] 092°0
1e500 Q°R2t 9 6h2 v21°0 *$hZ o
[S2-1.3) 2o %y 2eong 1900 :€8°0
0500 oot 9*00¢ oge*o QR "0
S/ 3 s/714 S/t4
an it an se 3L oM s1s%0
estote on*n 05 °o
?oh°%9 Gs1°0 [ PAL
(Y4 2844 Q7 0 al‘es
65R* AT of=n 006
te2 22 %5°0 LR ]
azeev ot°1 oL "9
TR} et aLty
Tyv*h FA M ] v L
tov°s Qo7 0s°¢
see L1 k4 oz 4
ITIAA! [ YRt ne*9
oonto oLt 09°*9
N) 0% nzw Nl 07n NI
wiuv 339 N tdd et
on G dN) 2967 2 IYNSS Ine IV 3TNy
050 OLI%H 430UNY
0get 071 RIvis INIXIA
S JHINE zetct 421 3aVIC WIVAS oninln
SINING - 22°%¢ THIDNITY W IVILS
©319VES T3y AT MiNVY viva

oGe  rien)

Mmo13sso1d ON -

[ 24

BISNSAIN INTY 9

o198t

00o* 0 003°0 000°0 9teco 500°0
woo~o 5930 Sey* 0 9160 en0°0
[N 7.24] 03 °0 9Rz 0 LYTSd ] 600°0
s10°0 2ercn 264”0 PUR"D 5000
8700 LR ] 619°0 agn°n 500°0
960°0 a2 °0 e1%°0 [T L] ©00°0
€900 [0 Z6e°0 sun*0 6ng°0
Sup*o [ 4184 ] vog*y SURH 000
0t 0 99z°0 Z92°0 cenc0 600°0
0Z1°0 [Tl Rd] ZR1*0 LA ] 600°0
cLee 663°0 160°0 LIRS sag*a
15170 0or*0 LT [T LAL) s0u0
S/ait? S/4u1 s/nf
LT e o% an 28
0°FuP 0°06101 s° 67 (3311 0g°s
[ g4 L AE L 1R s°67 scant og s
aceyn o-to”t s°62 ac0st ag°s
arege 0314218 s 62 9°0hY ov S
LEETY 0°t02} S 67 [ 34 1.1} [ 224
LIE LA neeo?t G*6? 9 ot Nes
[ XE4R ] [ 232241 562 [ 32 11 oS
Ve 2u0 0sTITY S b? L3121 ov'S
0°tgR 02071 s*0? Zrast oS
D°OSR av2024 (34 14 scual ov*S
ac1gR pero7t s°67 [ 3 -L2) ov*S
ortca 9707} [-34 14 [ 34 1 0} (.1 24
4 D30 4 293G 4 27 DZr NI
tant [T wiown “ay NSV
0G*7 d¥/mv

S JuINL oISt

] $$31770N Anvalsg
£8 #3S O

FINYRHD 48 Vs 218 [ 332 e

(2 068) POR VvV 12POH ‘gaeq °‘J3I90D guypdungd

IX F14VL

29+°0
[T L]
196°0
2460
246°0
Geacn
aga’n
L7 0 ]
916°0
946°0
Qa0
sco

S/n87
L 20

[ Tadd
Q7.
QZw
[ T4 4
[ Zadd
ot e
[ ARAJ
ot
ot
ot e
ol
ety

o N}

"N on

L4}
"

e O
-

- N " e ¢ O ™~ T

[ 4
2

ot
LA

[ A
-

- M e o~ 8

TYNNYD

‘qgiivn vIuv

13t MviQ Ivvie
[FTP LI BT AX 4 Tyl 3IWVIQ INZTON Auva Tud

40 sIawhw
23390

172




*650°0
*650°0
*650°0
F650°0
Fes0°0
*b%0°0
*H<o" 0
YuG0°0
5660°0
ZyQ0~ 0
1090°0
19900

MYvan

2°v0\
1°v0 1
o°»ol
|a*to1
4°1010
6°Cot
6°101
6*tot
o°ceny
€501
[ S]]
ool

S/714
nn

058

6000 RN 4]
6000 9960 1Y
6000 €960 OV
600°0 <96°0 o
o000 S9s*n @
600" 0 cue 0 4
ono°*0 S9n 0 9
800°0 Sonto S
600" 0 S96°0 ¢
6MD*0 G460 €
eno*o L7 L. 0] L4
600°0 w60
S/uf S/
FL van uv
(] -3 ot=e (4]
o€°s ot*e "
0E°’S once [ ]
L] Yt on°e [ ]
s on‘te [
nE*s 00 4
oL*sS on°e 9
(] g o0 > S
oL°s 00> ]
as°*s anc e €
oe°S os°f z
fie°g on "t ]
ore Nt M wl
Nd V30 WNg L]
191 L1l
$AV/av *014vHs v Iuv

3ndtInvia INe ion

I3 IMVIG BIV2UN AuvaIbd

. $SITIZON Auvalnd 40 8 WwnN

S*aun 5°9n2 epo*n 0000 *0v°0 0000 a0)°o goo*v Se6°0
009y LAk 114 zes°o 610°0 a0vy*0 e0v*0 993 °0 y¥8°0 Se6°0
1°2%9 [ 1.7 4 fe5°0 970°0 Ques-o 0l0°0 103°0 L LT ad *4h°0
[ A4S ] QrGhe tzst0 (X1 Y 4U»0 110°u ace*o $ss4°0 LA ]
751 S Gh U0 Y200 40%°0 ofo°u LY AL ] 169°0 venco
[AX21} [ 2. ¥4 99f*0 4%1°0 210%*0 090°0 o350 0Fs° 0 60
60wt 6°Lhe air*n 6210 10%°0 140°0 Z2ev°0 09e*0 L34 ]
Qcot 1 2* 962 1670 ore*o 40%°*0 060°0 187 °0 1Heo oo
LARAN | [ {.T4 oet~o LeE* 0 240%°0 [ R R RS ] 49?7 °*0 092" 0 “entn
LA A ] Z° 0oL 9210 0oL °0 Q00 ezi*o FL A YRi®0 st 0
9" »ey 0° 00k L9000 L 1o S 1) Q90e°n eF1*0 663°0 460°0 fgs0
S*hit Zane ogn°*0 oee o ROe° 0 (A A ] 003*0 000°0 fa6°0
S/73 4 S/13 S/n S/zanY
“n dn AA AR A R4 LE R ] el L] t L] s L L]
t6583S on*o L) Bt £*Z22 0948 o°siZy 5°62 1°601
26H°99 st°0 no*e 24°F4 LRI 0w izt s*62 [ AT
LY 4 A 45 oz*0 o6 v [ 24 23 oSSR o*z121 L34 ¥4 1601t
BCRBE 25°*0 L] R A4 ¥ 2 oczsw o Tz s°6? 0“ofl
[T A ¥ 4 usco LL A ) Ll '] 005 ot s$°62 aTar
LLc v st*1 no°4 1°Fae o0°NsR o0o*to02t [ 34 .74 [ A X1
SHG* 1Y ov° 1 ow°eL LAl ') 0°heR 0°3021% s°6Z [ 1]
[ X124} 22t 0s°2 [ ¥ LAXS 1 0°v02t (3 X 4 e*ant
1of°% [ R4 LT AN a7 0°9e8 0*Itl S° 67 stant
v ST onZ oL 9 a9 22 0°tISR or*vi7t [ 34 .14 t*gm
19¢°t [ Y R4 09°*9 1°v¢ [ AN I o"tott %°62 o‘um1l
oon°~0 oH*? [ L A ] 9°fe 0°sv0 octell S°67 o*gnt
Nt OS 0z Ny 0ZH Nt 4 9230 4 QWJ 4 9230 4 930
vIinv D38 “da 3 AN Anv i [T OF] NYNNg vion EATY
DM S 3ININI 19°62 2 IWNGS jNa ANITymy
0G0  IOHIVH J4NANV IS 05°?
06°t 20/ w)HVEG ONIvIn S 349%8 o15°¢
SIHINY 2212 TN INVIO WIVES INTX W S3MINL S22
SIHINT 22°2 THIDNAY ¥OVLIS INTxIwm
S$3N4VIS *3°n AR Niwvi Vviva
*QVI-SSUMD NI
nISNIIA ~Nty 9
agnyg cee AINVAMD S0 Ig DiE A0 ses

#mo13ss01) - (4 068) POR V T2POKH

IIX d19VlL

‘ejeq °3390) Bujdung

i® 435 SO

23190

173

i
!

w




#850°0
3500
24R8G0°0
48%0°0
43500
2¥SD°D
RIN0°0
FAG0°0
8960°0
#850°0
5350°0

LT A A ]

HOvan

9°901
¢L°901
SS90t
*°991
v qo}
**901
S°901
9°901
L4°901
9°*901
?°901
L9010

S/14
nn

056

mo138801) oN - (4 066) POW V T3POR ‘ejeq °33o0) Burdung

IIIX A9Vl

0100
ot190°0
oto*o
0t10°0
oto°v
10°0
oto°o
otoro
010°0
0t0°0
oto*o
otoco

S/nun
FL)

ae*s
o8*e
[ A ]
o
oe*e
auce
fcece
oy
o\°y
o8
L] Al
o8y

ozn NI

a3

WGeC" 1
LAV /mv ‘DIAVHE ¥ InV

fz6°0
[EL 2 J
aeac0
060
az6*n
oza*o
nzecto
02NN
0za*0
LAL 3]
LY A
"fi16°0

S/we Y
vae

al e
0%y
0S°e
0s°*s
0% °e
[ 10d ]
oGes
[ A4
0s°e
0%*e
[T
once

M ul
"No

N
"

e o
-

- N m ¢ ® O ~ 0O

[4]
AR

e ©

- N N e 0O~ C

L]

tvane9

FCETE LA L AT L

€0 43S o0

SIMING GE°¢ TN IMVIa IVITON AuValad

2°12) 9°v0t ogo*n 0000 auco 000°0 00v°0 000°0 fEaco
RS} veyor 1es5°0 ozo*o Q60 200°0 RO 0 980 1€6°0
109y 0°voeE 15670 900 Qr*n w00 2v3°0 LY ) [ I 2] ]
eeest e*cog finen XY A4 1480 s10°0 sgen wse°0 5240
£° 950 420t 9s%°0 Ziu*o 12¢°0 420°0 tgeco gRe°o LI
[RFX]] e Lo L9F 0 9el1°0 LYRRL:] $50°0 F93°0 t2s°0 (I 34 ]
serwl 0°vof [ P4 ] LLERE] LY ] 890°0 Zov 0 i15%°0 LIV
teact £*v0¢ 4520 2220 #16°0 *R0°*0 LU 0€*0 6280
2efEY 4° 908 s91°0 922%0 fict0 s01°0 [£3 AL ] sfZ°o (.14 24 ]
2cogt 9° vOL octe0n 2160 te7°0 oZi*0 601 °0 SAt*0 RZS°0
Senet S*voL 830°0 toL 0 IXEad.] 4Ft°0 10t °0 6h0*0 azecn
otz 6°v0f agn°o 11v°0 FYEad.] %6t°0 003" 0 000°0 azs*o
S/L4 S/14 S/uf S/uaY
L ot yytaoiom s1/¢d LT} sd (L] se da
800222 oo og-0t ?°%2 neoGh [ IR 4] S* AT 1°ent
o6 vg st°o 086 6°7e 0956 [ LETE 4 L3R Y 4 [ 34 11}
K2v*’S 0z°o nu°e 2 v [ 2L 19 0°3c?8 (114 Zwnl
HSR AL or o [ YL L4 X 0°GGH LAR1%4 ) ST S 961
fez 22 S50 0% o reFe o rua 0222} (214 [ AL 1]
QzZs vt 21 060 v°cs 0°* 76 02271 S tF [ 2L 1Y)
LT LA oree LFR{] [ A4 n7ge ney 2z S f (21T}
foven 0z Ovy asgy 0766 0°322¢ (1814 [ 34 2.1 ]
toR*e ctez o)y L ¥} 0266 [ A X 24 ] s 1t A LY
¥SeF [ €A 4 o8¢ ' fe 0°'rSh o 322V S It LA 13
1901 [ YAZd ov*ys tez2 o Iun 0ceZ?t [ 31+ [ M1
0000 ei°f LY R [ 2] &' 0°2Gh 02274 S*f 9*enl
w4 0% new i orn Nt 4 930 4 230 4 230 3 230
vinv 338 LAz Y s ANy i 20t PTLT vion (13 11
oM S WINEL 2962 2 WMASS Mg 1N Il awy
06°0  INILYM 44DUNVES 0%°?
@%°1 077 ¥IVi%5 ONinim $34IN8 016°2
S3udNl ?21°%¢ t03 Javic WIVIES INIRTw
SIHNINE 22°%2 THIDVIT ¥ IVES INIRIA v 3SIVZ208 Auvaige 40 BIGwnN
S3IV9vES "3°H AR NINVL Viva
8GN0 WNis 9
4T ese INvANO 48 30 DB AP (11}

~
~
(o]

B g o




1450°0 2°unn octezy ussog ogoto ono°o 2uF°n 000°0 00)*0 ono*o0 0ogeL-0 600°0 12600 20

14G0° 0 L9010 A 29 v ng [ oraco LT g ] 100°0 .0%°n teR*0 T 600°0 1260 11
Res0* 0 v 90l 209 8L Ok 1450 9700 tur°o alo*C Ze3®n R0 1E&6°0 aro°o tzet*0 OOV
06%0°0 go200 1°h51 L *90C RZS*N 1%0°0 145°0 9t0°0 nt3°0 *5e2°0 165°0 or0°o 12h°0 &
06500 4010 R*°G,1 1* 90t wvo _~oﬂo 145°0 420°0 AzZe*o 4£9"0 oELcD ov0°*0 0ze*0 W
D6S0° 0 2400 " Rel 1°90¢ ouav*o bwl *D 2e*n YsL* 0 R3O 67%*0 0% °0 oto-v ozn"n &
0650°0 Zedot 1°Get " 90t [F{ 4] LIRS LYI RN ] 690" 0 fov°n o5 @ ogaen oto~o ozs*n 9
4650°0 £eeol [AR4 A} S°60L 192°0 A4l LYI 8 tRL*0 voi 0 oo Oowh°0 010°0 a0 &
46%50°0 Fe°e01l 2S¢l €* 60t F91°0 €420 aur*o *01°0 ne”°0 SfZ°0 tea=n Q00 1(6°0 ©
£650°0 Yy Q01! &%2€ 1t 4°60¢ |gz1*0 Ve o LY ] eti*o 161 °0 SRI°0 Deh"0 0t10°0 tgnc0 €
L6%0°0 a0t ¥R Fad-1:19 H90*0N 951 *0 YR SFiI°0 S01°0 660° 0 sEBHO 0t10°0 ore*a 2
4650°0 L1 2) v f2t 0" 60¢ [ L1414 10v°0 LYX Bl ] zZs1°0 00)°0 000*0 sER"0 ot10°0 LI A4 [}
S/t 4 s/1 4 Ss/5d S/wA S/74u) S/mn S/vweY
HIvan nn wey an (TR A Y L] $8/8d e} st (1] se £ 4% vAda (1]
833538 on°*o no*ol L ¥ Q*Reb "’ [ 213 966t [.1-Ad ) (-7 5l 4 L4
266 Y S1°0 oo ot 9%12 0 Hhef o1zl o*1IC [ 241.3) pe°*wy o1 "
GZe*25 [T Ad:] oL o212 0*05h oeTI12Y [ A 2 4 [ 34421 onty or*. of
ASRTHE FA R4 [ 10 - 9°q2 0196 a*zZe?l (A1 acent ou°’ey oL > L] 2
ChZ" el [ 1Al oV 0*92 0°t9e otz (213 [S2 1.2} 09y 0%°e [ ] ”“
9L "el st or*s LA 4-¥] 0°HSH o*Te?l [ 3411 crent o e oce ')
L AR ] oset [ 134 (2473 DoAGLH otk s 1 (3421} o8°e o9 9
[ X2 et 09y 9 ag 0°456 [3EI% 4] [ 13 2evst 06w 0N e 1)
ToR*» [ 3 4 nZ*w LA £ [ AL 2T [ AR R4} $° It S EAt 06y [ L AAd [
[TL-A] 4 (1 1¥4 00°9 vs oy 0°596 o322t s Ir o°es) I3 o9y £
ety oR*? 092 1oz n*TYShH o1 e L2132 9°Ent ob°e 05" 4
0uo*o Q¢ oc* ¢ 9°G2 L A8 L1, oceI2t -3 14 *cet ns*e [/ 12d 4 ]
Nl 0S newn Ni 024 NV 4 970 4 "30 $ 230 3 270 o7 NI o4 Nt
vIyv 4§ Nbdo Lanag Anv ) sean3 NINHL viOon CyT} Nd 130 e [
On S INONE 19°62 L IUNGS I AN ITUNY 9%GC* 1t tvanNY
06°0 :01WM 440UNYIS 062  idvzav °*Dilva viuv
06°1 30771 ¥IviS OINIxlw G24IN) 016°2  witImeid Iuean
sIINE  2Z21%2 SuISINVIA WIVES NI Ss3uING G2°¢ 131 AWVLI0 3V2720M Anva lod
SIMINDE - 22°2 THEION T WOVIS ONIRIa v 28312708 Auvnlbe 40 Bldwny
S3T1aVLS *3°N AR N3INFL viva €R 43S SO t3yva

B0 V3-SSOND Nt

8IsN4410 ONls 9
056 1Nt e FJONYRMO A3 DlH AN 280

mor3ssoiad - (4 0§6) POH V T3POH ‘e3aeq - 3390y Burdung

AIX T19VL




S — ———
)

>

- e

—-—y5y———"

to atmos.)
CROSSFLIW)

857

ref.
(ND

¥aZK rressdrt

L a%er

 MiXTag 3
(in.
857

TABLE XV

kx1al

Position

(F)

Mixing Stack Pressure Data, Model A

Temperature

~——Uptake

IO
ONO™
o 9 0
0D
tral

N oW
N o
e e 0
--eo0
[ I |

IO
oo
e 0 o 0
[=lelole]
teve

aNOWN
ocn
LRI

OOOO

Position A

Position B

QOWNm
oM

(== Tale11s)
oMN~
e e s
OO0

(CROSSP LOW)

Position A

O
LI
-0
LU )

oo IN
LadVe Lot sn]
e e s 0
-—O0O
L I |

nnt-o
~MOw
e o 0 9
O™
[ I |

oI
—nran
O]
—O00
te

Position B

176




TABLE XVI

Mixing Stack Pressure Data, Model A Modified

IxTal “THLXINng stack Pressacz

Position (in. water ref, to atmos.)

—TTUptake - B50 953"~

Temperature (F) (NO CROSSFLOW)
Position A 0.00 -1.10 -1.10
0.25 -0.55 -0.33
0.50 -0.15 -0.15
0.75 »0.25 -0.32
Position B 0.00 -1. -1.02
* 0. 25 29:93 20233
0.50 -0.55 -0.53
0.75 -0.25 -0.2%

(CROSSF LOW)
Position A -1.10 -1.20
-0.64Q -0.5)
-0.15 -0.20
~-0.35 -0.42
Pesition B -1.1 -1.1
* 29239 24:12
-0.70 -0.70
-0.52 -0.35)
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TABLE XVIII

Mixing Stack Temperature Data,
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TABLE XIX '
Shroud and Diffuser Temp. Data, HModel A

AX] AL TEVMFERATUKE
SfGSITION (F) |
UPTAKE {X/0) ESC 250 &S50 SS9 50
TEVRPERATUKE NCF NCF CF NCF CF
SHRACUL Uel 25 738 7el B3len SJUe3 EXPY
06375 flel Bde5 RceS 101y 8ce9
0.025% A7 & 8.0 Boel3 111a7 Ad.9
O0e750 G742 103.8 Q1e9 12660 G5.3 !
1068 12344 143,S5 10840 1€oed 11147
i
DIFFUSER 1
2ING ] BCeb A3.0 Gtel Seced 953
< RG7 83.S 1041l SceS 107.8 ;
3 TE«S 7d.7 Gued SCen 10061 ’
4 Ree9d B8S.2 10142 G700 107.7 ‘
S A7 .9 873 QG9e3 17340 10643 |
SA Q4ueE 05 A€e9d 102.8 102a¢ i
S8 G247 103.5 9G2eC llaed 10240
AMRIENT e5 &7 75 7< TS ’

NCF = NC CRCSSFLCw
CF - CRCESSFLCw
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TABLE XX |
Shroud and Diffuser Teap. Data, Model A Mod ;

T AXIAL TEVMFEE RATURE
OJSITION (F)
UPTAKE {X/D) a50 ¢S50 50 IS0
TEMPER ATURE NCF CF NCF CF
SHROUD Cel25 B7eS 7747 97.4 232.7
Ve375 FEel REad F9e5 Ader
0.025 106l O97¢5 10H«S G2t :
Ve 750 ll4el 10440 11de3 SGoe2
1063 1513 1NE.4 16cel 119.7 ]
DIFFUSER
RING ! 91.8 106.0 GOeo 9343 |
P4 Q3.¢C 10DE.S Jlead 1032 !
3 S58e4 e X IV G5.0 9942 !
4 4.7 10cel S3e0 10449 }
S 5.8 30.1 J4ees5 1016
54 3543 2.2 Q4.1 Qe l
58 GG e? 9302 Goel le2 {
AN IENT 73 9 73 76

NCF = NC CRCSSF(Cw
CF = CRCSESFLCw
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TABLE XXI
Exit Plane Temperature Data, Nodel A

AXTAL R/RMS TEMPERATURE
PCSITIGN tF)
UPTAKE €50 850 850 3I50 950
TEMPERATURE NCF  N(CF CF NCF CF
N.00 tel71 177 176 102 107 1139
0.25 1.161 21C 299 144 25R |65
N.5Q 1.C31 247 112 201 330 215
0e7% 0.361 271 347 28C 372 264
1.00 0.890 302 3I8”R 269 41?7 323
1.25 0.929 2129 41S 332 430 364
1.50 0.750 333 458 365 466 4aQa
1759 0640 352 473 390 449 4131 ,
2.00 0.510 363  4g2 412 4383 45> !
2425 0.539 381 495 433 515 48]
2.50 0.469 395 S04 454 S31 436
275 0.2359 408 S14 4 T2 S42 S1S l
3.00 0.3229 415 S0 480 S5%4  S534 !
3.29 0.259 423 523 499 So6 550 i
3.50 N.138 429 526 511 S74  97a
3.75 0.118 432 S.0 524 579 S31
4,00 0.048 434 S13 928 Ss564 %81 .
4,25 D.000 a34 S05 529 582 S7?o
4425 D.000 415 S¢3 531 Sy6 SAa4
4,00 0.04R @34 S21 3530 584 58a
3,75 De118 432 %15 27 S7S 59}
3.5¢0 O.148 421 SC® S19 S72 573
3.25 0.259 421 697 S13 8556 S606
3.0C 0129 +10 487 503 S49 554
2.75 0.399 404 479 ada S36 Sa4v
2.50 0.469 390 463 495 529 Sa9
2.25 0.539 377 450 470 509 532
2.00 Ne610 360 440 468 495 522
1.75 0.540 3Ja3 a2% 456 430 S0
1.50 0.750 322 408 442 6o3d S05 !
1.25 0.820 294 132 423 449 493
{.00 0.890 270 161 404 412 469
0.75 0.961 2372 3:9 336 367 aly '
N.50 1.031 197 273 262 316 343
0.25 1.101 l4ae 200 195 242 253
0.00 1121 108 146 103 168 la&o
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TABLE XXIIX
Exit Plane Temperature Data, Model A Mod

¢ — e ———

AXTAL R/AMS IEMPERA TURE
POSITION (F})
UFTAKE 35C 3850 3950 350 '
TEMPERATURE NCF CF NCF CF
0.00 1e171 16¢ 97 135 >R ,
0.29 1.101 223 tat 201 134 ‘
0.50 1.031 27C 229 273 (85
0.75 0.961 32€ 275 3435 243
1.00 0.830 35€  I17 391 3ul |
1.25 0.820 394 348 416 350 f
1.50 Ne?50 40 379 a4l 351 |
1.75 0.6380 421 402 461 413 ,
2.00 0.610 447 420 47?7 440
2425 0.539 451 4446 a9} ans \
2.5C 0.4€9 47C 4bl! 307 437 |
2.75 0«299 48€ 475 321 S0 ,
3.00 0.329 50C 494 S36 S0 |
3.25 0.259 951C 508 545 €35 ;
3.50 0.1488 S1€e€ SI9 357 S54
3.75 0.118 526 S283 571 So4
6,00 0.048 53¢ 529 5734 S73
4,25 a.nCo 93¢ 529 SA83 Sp0
4425 0.000 53¢ $33 580 542
4,00 0.048 33z 532 4% S79
3.75 Qelt8 52¢ S27 5S40 575
3.50 0.138 524 S19 $S71 So6
3.25 0.259 51€ S512 564 555
3.00 0.1329 31C S02 556 Sa7
2.75 0.3393 49¢ 449R”R Sa43 S$39 1
2.50 Ne.4€E9 43C 486 53¢ 527
2.29 0.539 481 47 521 S17
2.00 0.610 “7¢ 403 515 512 4
1.75 N0.680 ab4d 455 S505 499
1.50 0750 4S€ 450 494 648
1295 0.820 44 < 431 473 a2
1.00 0.890 40§ 388 4«89 4pR |
0.75 0.901 36z 325 386 1338
0.50 1.031 281 236 284 243
0.25 1.101 21C 155 198 142
0,00 1171 101 92 103 101
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TABLE XXIII

Exit Plane Horiz. Pitot lraverse Data

SYNAMTC

;PLINT
POSTTIGN PRESSULRE

{ INe) (INe +2C1
V«000 0.100
0500 0.8S0
1000 06750
L2500 D.7C0
2000 Dehs0
2¢500 Q.650
34000 0650
3500 0.650
4 4000 Q6?75
49500V 0.675
S500C 0650
5500 0.625
0«000 0eHIS
©«9500 D625
7000 0675
7500 0.675
3.000 0.650
85040 N.625
9000 0.6C0
Je204 0675
19,004 0675
10500 0.7C0
11000 0.675
11500 0625
11025 0.,0C0
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TABLE XIIXIIV
24 in. standoff -Pitot Horiz. Traverse ‘
_______________ !
PLTAT ODYNAMIC VELGC ITY
POSITICN PRESSLRE !
{INe) {IN. +=2C) (KN 1S
0.000 D.400 25. (&
0.500 0.4C0 25.(6 :
1000 G400 29« (6 !
1500 0«30 24442
2000 0.3¢0 2377 i
24500 0350 23.46
3.000 D.250 23.44
3.500 0.350 23.44 ‘
4.u00 N.350 23.44
4 «500 NelsnN 23e a4
5000 D.4CO 254 (5 1
2500 0.450 28,243
0eU0Q 0450 2deS7?
Be5H00 0.550 29328
7.000 C.6C0 304 €9
7500 0.640 3l .¢&9 ‘
3000 0.640 31.¢€9
3500 0.650 3le54
‘!.000 006’40 31.€E9
94300 0.600 30. €9
10.000 0.600 3C.€9
10500 0.600 0. €9
11.000 0.600 3Ce €9
11.500 0.550 29428
11.625 0.550 2938 )
-4
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TABLE XXV

24 in, Standoff -pPitot Vertical Traverse

PITar OYNAM]C VELGC ITY
POSITICN PRESSULRE
{ INe) (IN. +2C) (NN TS}
Ve00O * 0.150 19642
Uen00 Qel 70 1ce 42
1.000 N.2G0 17.81
1 «S00 N.250 13461
20040 0.275 20 &9
24200 0.275 209
J.L0Q 0.3S0 23.¢%56
3e500 0,350 23.56
4 400U 0.320 23«55
46200 0.,4S0 2Ce 12
S «0G00 0.500 2d. 16
9500 Q.5G0 284 i6
0sGOG 0.600 . 10eEH
0e50U 0.600 3ue.tS
7.000 NDe620 31e26
7500 D0.620 Jl1.2%
3.000 0.620 3leiBH
8.500 0«60 31.25
9000 DACH 304 E5
Fe5H00 0..600 306 &5
10000 D600 30« &S
1luu00 0.6C0 30.E5
11000 0.600 30.E5
11500 0.600 30 ES
12.000 0.570 30.C7
124500 0.570 30.C7
13.000 0.500 28 15
13.50¢ 0e4350 26e 712
14.000 0370 24e 3
14.250 De370 24623
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24 in, Standoff -8.5 in Pitot Vert. Traverse

TABLE XXVI

= o e |
2 -l
e wm )
-Cr =

OYNAMIC

N PRESSLRE

(iIN. H2C)

VELCCITY
(KNCTS)

0«0090
06250
GCe500
Je750
1,000
1250
1500
17590
2000
2e¢290
Z.SOp
2750
3.000
3250
3.500
3.750
4000
44250
4500

e

0.3CO
0.3C0

[oYoYeNoNoYoYoRoNoYoRoNo
e o s 00008 00000
SANANONNOIOO
NO MNP (L ) = e -
[e¥oYoXoRoYoNoNoNoXo o o)
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TABLE XXVII
Puaping Coefficient Results

- —— e " o i o o S S~ ot S S T — . o 7o, o i i i

- FIVE RING CIFFUSER
= TLUPT NL CRCSSFLOW  CRCOSSFLow  ~
(F}

175 0«50 ‘:’(015“’ -
- TTTT8%0 T T TTo.s T T TTTTTTZ=mTTTTTTT
- 850 TTTTRLET T “5.59 -

350 T B8.ss T TTTTTTLeY T
- - STX RING DIFFUSER T TTTTTTTTT T
- aso I S 2 s D S
- 356 7" 0e8s T TTTTR.syT T T
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TABLE XXVIII
Air Mass Flow Calibration Data
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TABLE XXIX
Air Mass Flov vs. Pressure Product Data

a
(LBM/SEC) PFRESSURE PRODUCT
04554 0.3109
Je9S5S 0.316
0591 0.319
Qed33 0.459
U.3138 0.462
Ded852 0.435%
1.020 0.582
1.051 0.579
le126 0.5%506
1295 0.7CH
130606 0,705
lea?77 0.774
1 «5995 0.827
‘503“ 0'875
1.043 0,977
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APPENDIX A

GAS GENERATION OPERATION

I. PRIMARY AIR COMPRESSOR OPERATION The primary air

flow for the gas generator is supplied by a Carrier Model
18P352 three stage centrifugal air compressor located in
Building 230. The compressor is driven through a Western
Gear Model 95HSA speed increasing gearbox by a 300 horse-
power General Electric induction motor. The compressor
serves various other experiments both in building 230 and
249. Figure (14) is a schematic of the compressor system
layout. The cooling water system serves both the Carrier
compressor and the Sullivan compressor for the supersonic
wind tunnel in building 230.

Lube 0il for the compressor and speed incieaser bearings
is supplied from an external sump by either an attached pump
or an electrically driven auxiliary pump. The lube o0il is
cooled in a closed loop oil to fresh water heater exchanger.
Cooling water circulates within its own loop and is cooled
in an evaporative cooling tower which stands between build-
ings 230 and 249. Makup is automatically provided to the
fresh water loop by a float operated valve in the cooling
tower.

It is recommended that the lube 0il system for the

compressor be started approximately one hour prios to
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compressor lightoff. This ensures adequate pre-lubrication
and warms the o0il to some degree, decreasing starting loads.
This is critical, as the compressor operates at near the
capacity of the breaker in the supplying substation. Should
this breaker trip out during the starting sequence it will
be necessary to call the trouble desk and have base
electricians reset it.

During periods when operations are being conducted daily
or when it is desired to operate early in the morning, it is
permissable to leave the auxiliary oil pump running over-
night with the cooling water system secured. This will
maintain the lube ©0il at a temperature suitable for lightoff
and eliminate this delay.

When fully warmed up the compressor supplies air to the
gas generator at 170-190°F. It normally takes the com~
pressor about one hour to reach stable operation at this
temperature. Although it is possible to obtain a gas
generator lightoff with- a lower air supply temperature,
stable operation enhances data taking and reduces the
number of control adjustments required during data runs.

It is, therefore, desirable to allow the system to fully
stabilize prior to lighting off the gas generator or
collecting data. The following lightoff sequence is

recommended:
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A)

B)

c)

D)

Check the oil level in the compressor's external
sump. Oil should be within four inches of the top

of the sight glass.

Start the auxiliary o0il pump by positioning the
"hand-off automatic" switch (Figure 15) in the
"hand"” position. The electric pump will start

and o0il pressure should register approximately

30 PSIG. Inspect the system for leaks and note the

level in the external sump.

Wait 45 minutes to one hour. During this period
the compressor bearing temperatures should rise to

approximately 70°F.

Line up the combustion gas generator for operation.

1) Open the two manometer isolation valves at
the pressure taps on either side of the inlet
reducing section (Figure 5). Reconnect
manometer tubing at the manometers if it
has previously been disconnected.

2) Ensure the main air supply butterfly valve is
fully closed (Figure 6).

3) Open the air supply bypass globe valve two
and one quarter turns (Figure 6).

4) Open the manually operated 4 inch butterfly

isolation valve (Figure 5).
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E)

F)

5) Energize the main power panel (Figure 9) and
open the electrically operated burner air
supply and cooling air bypass valves fully.

6) Ensure the gas generator exhaust arxea is clear.

Start the air compressor fresh water cooling

system:

1) Check the water level in the cooling tower
it should be at the level of the inlet 1line.

2) Vent the cooling water pump casing. Open the
petcock on the suction side of the pump casing
until all air in the suction line is expelled.

3) Ensure valve "A" to the Sullivan compressor
is closed.

4) Open valve "B" to the Carrier compressor.

5) start the cooling water pump and cooling tower
fan (Figure 17). The fan is interlocked with
the pump and will not start unless the pump
is running.

6) Inspect the cooling tower drip lattice to ensure

water is circulating.

Open the drain on the air compressor air cooling

bank (Figure 19).
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G) Ensure the compressor air suction valve is fully

closed (indicator vertical) (Figure 20).

WARNING When in operation the compressor produces
hazardous noise. Ensure all personnel in the
vicinity are wearing adequate hearing protection

prior to starting the compressor.

H) Start the air compressor motor (Figure 13), the
controller uses an automatic two stage start

circuit. v F:

I) When the compressor is fully up to speed, switch

the auxiliary lube o0il pump to the "automatic"”

position. Lube 0il pressure should remain about
24-30 PSIG. Oil is now being supplied by the
attached pump driven by the speed increasing gear-
box. If the o0il pressure should fall to 12 PSIG,

the auxiliary pump will start automatically.

J) When compressor operation has stabilized, slowly

open the suction valve until the indicator is in
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K)

S)

the full open (horizontal) position. Air is now

being supplied to the gas generator. Bypass air

from the supply to other experiments will also

be discharged outside the rear of building 230.

Normally it is not necessary to secure this

bypass flow, but in unusual circumstances it

may be stopped by closing the isolation valve

on the cooling bank (Figure 19).

Operation of the air compressor should be monitored

periodically.

1)

2)

3)

4)

Normal 0il pressure from the attached pump

is 24 PSIG. Specified bearing pressure are
20-25 PSIG.

Normal oil pressure from the auxiliary
electric pump is 30 PSIG.

Normal o0il temperature at the outlet of the
lube oil cooler is 100-105°F (135°F maximum) .
Normal Bearing temperatures for the compressor
are 140-160°F. Speed increaser oil tempera-

ture is normally 120-130°F.

Do not allow any bearing temperature to exceed

200°F. In the event bearing temperatures rise

above 180°F during normal operation, the o0il

cooler should be inspected for proper water

temperature and flow rate.
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II. GAS GENERATOR LIGHT OFF Allow the air compressor to

operate for approximately one hour in order for air inlet

temperature to the gas generator to stabilize.

A) Approximately 15 minutes prior to gas generator
light off, line up the fuel system and place it
in operation.

1) Open the fuel tank suction valve (Figure 22)
and bulkhead isolation valve (Figure 21).

2) Ensure the solenoid operated emergency fuel
cutoff valve is closed and close the HP pump

manual discharge valve.

3) Open the nozzle box drain valve.

4) 1If this is the first time the system is being
placed in operation, open both the fuel control
valve (Figure 8) and the needle trimmer valve

(Figure 24) fully. 1If the trimmer valve is

known to be properly set, it need not be -
adjusted as described in this and following ;f

steps.

] 5) start the fuel supply pump. Fuel supply
pressure will be 14-16 PS1IG.
6) Start the HP pump. With both trimmer and fuel

control valves fully open the discharge pressure
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7)

8)

will be 25-30 PSIG. With the trimmer valve
properly set and the fuel control valve fully
open, the HP pump discharge pressure will be
80 PSIG.

If the trimmer valve is to be adjusted, close
the fuel control valve with the trimmer valve
fully open. Observing the HP pump discharge
pressure, slowly close the trimmer valve until
the HP puﬁp pressure reaches 350 PSIG. The
trimmer valve is now set and the fuel control
valve should provide smooth control over a
range of 80-350 PSIG HP pump discharge pressure.
All subsequent fuel control adjustments will
be made using the fuel control valve.

Using the fuel control valve, set the HP pump
discharge pressure at 200 PSIG and allow the
system to recirculate for 10-15 minutes to
warm the fuel. Thig facilitates combustion

and ensures a clean lightoff.

B) When the inlet air temperature reaches 170-180°F,

the gas generator may be lighted off.

1)

Adjust inlet air bypass valve to obtain a
pressure of approximately 4.0 in Hg at the
upstream side of the inlet reducing section

(PNH) .
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2)

3)

4)

5)

6)

7)

8)

s

Ensure the burner air valve is fully open.
Adjust the bypass cooling air valve to obtain

a pressure drop across the U-tube of 1.60
inches H,0. In some cases it may be necessary
to leave the cooling air bypass valve fully
open and reduce the inlet air pressure (PNH)
slightly to obtain this setting. The pressure
drop across the inlet reducing section (DELPN)
will be about 15 inches H,0. This provides

the recommended lightoff air fuel ratio of 20.
Open the HP pump manual discharge valve fully.
Set the high temperature (Type K) readout to
monitor burner temperature (TBURN). Set the
low temperature (Type T) readout to monitor

air inlet temperature (TNH).

Ensure the gas generator exhaust area is clear.
Adjust the HP pump discharge pressure to 150
PSIG.

Depress and hold down the spring loaded ignitor
switch for 10 seconds.

While continuing to hold the ignitor switch
depressed, open the solenoid operated emergency
fuel cutoff valve. Ignition should be observed
in 6~12 seconds. If the gas generator fails to

light, close the emergency fuel cutoff valve

199




9)

10)

and release the ignitor switch. Allow the
system to purge for 5 minutes or until no

raw fuel is being expelled from the primary
nozzle. If the gas generator fails to light,
raw fuel will be expelled from the primary
nozzles and will collect in the base of the
secondary plenum. This should be wiped up
prior to continuing.

When ignition is observed, release the ignitor
switch.

Observe the burner temperature. When the
burner temperature reaches 1000°F begin reduc-
ing fuel pressure toward minimum (70-75 PSIG
at the burner nozzle, (PNOZ)) to stabilize

burner temperature between 1000 and 1300°F.

WARNING Do not allow burner temperature to

exceed 1500°F.

It will be necessary to cloge the cooling air bypass

valve to about 50 percent open to achieve stable

operation at the desired burner temperature.
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CAUTION Do not allow burner temperature to

fall below 1000°F. The gas generator will
begin to emit white smoke when the burner
temperature falls to about 950°F ana combus-
tion will cease at a burner temperature of
about 800°F. If combustion ceases there will
be & noticable change in sound intensity
accompanied by guantities of white smoke and
rapidly falling burner temperature; immedi-
ately close the emergency fuel cutoff valve.
Readjust fuel and air controls to lightoff

settings and reinitiate the lightoff sequence.

— a— — — —— o s - - m— . e o e o e e . e w—

The prescribed lightoff sequence usually leads to
stable operation with an uptake temperature of

400-500°F and an uptake Mach number of about 0.07.

201




WARNING Do not allow uptake temperature to

!
I
|
| exceed 1200°F at any time.
|
|

11) When stable operation has been established,
close the nozzle box drain valve prior to

attempting to adjust the uptake Mach number.

III. TEMPERATURE/MACH NUMBER CONTROL

The control process consists of a iterative sequence of

adjustments in the uptake temperature (TUPT), inlet air
pressure (PNH), and bypass cooling air mass flow. Some
practice is necessary to achieve reasonable accuracy in
the adjustment procgess. It must be kept in mind that
effect of the bypass cooling air valve varies depending on
the valve's initial position. When the bypass valve is
more than 50 percent open, opening the valve reduces air
flow through the burner, increasing burner temperature
(TBURN) , however, the increase in the proportion of cool
bypass air mixing with the combﬁstion gas results in a
lower uptake temperature. When a majority of the air flow
is already passing through the combustion chamber, that

is, when the bypass valve is less than 50 percent open,
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and particularly when it is less than 25 percent open, the

increase in burner temperature resulting from opening the

bypass valve more than offsets the increased proportion of

cooling air and the uptake temperature will raise when the

bypass valve is opened. With these cautions in mind, the

following adjustment procedure is recommended:

A)

B)

Adjust the fuel control valve to obtain the desired
uptake temperature. Do not allow burner temperature

to fall below 1000°F or to exceed 1300°F during

this process.

As burner temperature approaches one of the limits,
change air flow through the burner either by ad-
justing the bypass valve or the inlet globe valve.
Choice of control device depeads on the prior oper-
ating state. If the system has been stabilized at
the desired Mach number it is usually best to
control burner temperature during transitions by
using the inlet globe valve. The key operating
parameters are uptake temperature (TUPT) and uptake
pressure (PUPT). Burner temperature is monitored to
ensure safe combustion is maintained. For operation
with uptake an Mach number of approximately 0.065,

the values in Table XXII are recommended:
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Recommended Initial Control Settings

|
| |
| TYPT PUPT ! .
] ("F) (inches H 0) 1
| 950 13.3 |
! 850 11.1 !
|
| 750 10.5 : |
[ 650 9.6 |
| 550 9.0 !
' 175 8.8 '
| |
| !

C) Compute the uptake Mach number (UMACH) using

the formula:

UMACH = 1.037 x 10~ 1 (TUPTR/ Y ) 0.5 ¢ ((((PNH - B) x DELEN
/ onER) %% - (2.318 x 1074 x ROTA) - 2.085 «x 107 Y !
/ (B + (PUPT / 13.5717)))
-
(egn A.l)
where:
UMACH = Uptake Mach numberx

TUPTR = Absolute uptake temperature (R)

Y = Ratio of specific heats for air
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Values of the Ratio of Specific Heats for Air

TUPT

{
}
(°F) Y |
175 1.3991 {
550 1.3805 :
650 1.3741 ]
750 1.3e77 }
850 1.3614 |
950 1.3556 :
|
{
PNH = Air pressure before the inlet
reducing section (inches Hg)
B = COrrectea atmospheric pressure
{inches Hg)
DELPN = Pressure drop across the inlet
reducing section (inches H,0)
TNHR = Absolute air temperature before the
inlet reducing section (R)
ROTA = Fuel mass flow rotameter reading
PUPT = Gas pressure in the uptake section

(inches H;0)
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D)

E)

Adjust the uptake tempera~ure and pressure as neces-
sary using a combination of inlet globe valve,
cooling air bypass valve, and fuel control valve
changes until the desired test Mach number is

obtained.

If inlet air temperature has been allowed to
stabilize prior to gas generator operation, it will
be found that, once the desired uptake temperature
and Mach number have been set, no adjustments to
the system will be required during data runs.
Uptake temperature will be maintained within plus
or minus four degrees and uptake Mach number will
vary less than 0.001 under most circumstances. The
largest variations in uptake Mach number observed
have been during pumping coefficient runs when
changes in secondary flow induce large changes in
uptake pressure. If the gas generator is at the
operating point prior to closing the plenum, it
will be unnecessary to make adjustments for the
slight increase {(0.0005 to 0.0010) in Mach number

which occurs when sécondary flow is shut off.
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IV. SECURING THE SYSTEM

A)

When data runs are complete, shut down the gas

generator by reducing the fuel pressure to minimum

and immediately closing the soclenoid operated emer-

gency fuel cutoff valve.

1)
2)
3)

4)

5)

6)

Shut off the high pressure fuel pump.

Shut off the fuel supply pump.

Open the cooling air bypass valve fully.

Open the inner bypass glove valve until an
inlet pressure (PNH) of 4.0-5.0 inches Hg is
aobtained.

Allow the gas generator to run in this manner
until the uptake temperature drops to approxi-
mately the inlet air temperature.

Close the fuel system bulkhead and tank isola-
tion valves. It is good practice to refill the
fuel service tank at the end of each operating
period. Keeping the tank full of fuel reduces
moisture buildup from condensation. Any water
or sediment which might enter the tank during
£illing will have time to settle out and can
be removed through the stripping connection

prior to the next lightoff.
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B)

<)

D)

E)

F)

When the gas generator has cooled sufficiently, the

air compressor may be shut down.

1)
2)

3)

4)

5)

6)

Close the compressor suction butterfly valve.
Stop the electric motor.

When the compressor o0il pressur falls below 20
PSIG, switch the auxiliary oil pump control from
the "automatic" to the "hand" position.

Allow the lube 0il system to run for one hour or
until the compressor bearing temperatures are
less than 80°F.

Stop the auxiliary lube o0il pump.

Stop the cooling tower fan and cooling water

pump.

Close the 4 inch butterfly manual isolation valve.

Close the inlet bypass globe valve.

Open the nozzle box drain valve.

Close the manometer isolation valves. It is also

good practice to disconnect the inlet air pressure

(PNH) and reducing section pressure drop (DELPN)

manometers at the manometer. Other users of the

compressor operate at pressures sufficient to over-

pressurize these instruments. Over-pressurization
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G)

Of the mercury manometer which measures the inlet

pressure could result in a hazardous mercury spill.

De-energize the main power panel and shut off the

thermocouple readouts.
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APPENDIX B

CALIBRATION

The use of pressure drop data across nonstandard metering
devices requires that the flow restrictor be calibrated to a
known or well defined measuring standard. 1In the case of the
experimental apparatus used in the conduct of this experimental
work, calibration of the entrance nozzle was essential in
effective determination of the air mass flow rate.
The entrance nozzle calibration arrangements utilized was
that of Ross [Ref. 6]. An ASME standard Hershel-type Venturi
| was used as the primary flow measuring device. Data was
; recorded over a range of inlet pressure drop values from 2.0
in. water to a maximum nominal pressure drop of 10.0 in. water.
‘ This data is shown in Table XXVIII.
’ For the Hershel-type Venturi the mass flow rate is given
by equation II-III-15C of [Ref. 15]

-0.5 0.5

2p (l-Sa) (ph ) (lbm/sec) (eqn B.1)

mn_ = 0.099702 Cde
where "Cd" is the discharge coefficient of the venturi, "Y"
is the expansion factor, "d" is the throat diameter (in.), F
is the area thermal expansion factor, "B" is the ratio of

throat diameter to entrance diameter, "p" is the density of

the fluid and "hw" is the differential pressure (in. water).
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After analyzing the data recorded in Table XXIX, it was
decided that a linear curve fit in the range of mass flow
rates most commonly encountered in previous experimental
work would provide the best predictor of the actual mass
flow conditions. The range of mass flow rates selected was
approximately 0.875-1.740 lbm/sec of air which is considered
to effectively bracket the range of experimentally encountered
mass flows.

The entrance nozzle calibration is shown in Figure 42
with the data utilized being contained in Table XXIX.

The entrance nozzle was modeled as a venturi using the

functional relationship

. 0.5
LI £ (P * AP/T)
which is given by equation II-III-15C of [Ref. 15]. Detailed
entrance nozzle mass flow calibration calculations are con-

tained in [Ref. 6], Appendix A.
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APPENDIX C

UNCERTAINTY ANALYSIS

The determination of the uncertainties in the experi-

o — s —— e———

mentally determined pressure coefficients and pumping

coefficients was made using the methods described by pre-~

vious researchers. The basic uncertainty analysis for
the cold flow eductor model test facility was conducted !
by Ellin (Ref. 2] and Hill ([Ref. 9] follows this develop-
ment in analvsis of the hot flow facility. Hill's

analysis has been corrected for changes in the measured
uncertainties resulting from the installation of new fuel
flow measuring equipment. The uncertainties obtained using
the second order equation were applicable to the experimental Eg

work conducted during the present research and are listed here.
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Parameter

TAMB

TUPT

B

DELPN

PUPT

ROTA

PNH

TNH

PPLN

UNCERTAINTY IN MEASURED VALUES

value
537 R
1415 R
29 .83 in Hg
6.20 in H,0
13.6 in H,0
28.0
5.9 in Hg
649 R

5.18 in H,0

UNCERTAINTY IN CALCULATED VALUES
P/ 1.7

wep0-44 1.4

Uncertainty
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