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A METHOD TO ESTIMATE WEIGHT AND DIMENSIONS OF

AIRCRAFT GAS TURBINE ENGINES
Vol. II — Users Manual

By R. J. Pera, E. Onat,G. W. Klees, E. Tjonneland

1.0 INTRODUCTION
This user’s manual for the WATE-1 computer program contains a description of input-output data,

values of typical inputs and sample cases. A description of the method and engineering analysis

is given in CR135170; the Fortran Listings are contained in CR135172.

WATE-1 is designed to function around a component-type engine cycle analysis program
NNEP(1). The calculated thermodynamic output data of NNEP is a necessary input to WATE-1]
for component sizing. Use of NNEP is not described here since it is unchanged from its normal

mode of operation.

Normally, only the design point case of NNEP is used to generate the WATE-1 inputs. Addi-
tional NNEP off-design points may be desirable to define other WATE-1 inputs, such as maximum
shaft overspeed, or maximum operating temperature for each component. In order to produce
the most accurate weight estimate, the design case input data should encompass the maximum
performance level required of each component, i.e., maximum flow, work, speed, temperature.

All components that contribute weight must also be included in the NNEP engine model. WATE-1

will not calculate weight for components which are not included in the NNEP engine simulation.

WATE-1 has the ability to also accept an input weight scaler for each component so that selected
components can be increased or decreased (or eliminated altogether) to determine sensitivities,

etc. Both SI and English units of measure can be used.

LIST OF SYMBOLS

R — Radius

RPM —  Speed

TLP - Uy?/28JAh/Ngpyoe

Uy —  Tip Speed

g — 32,1415 ft-lbg/sec2-lbpy,
J — 778 BTU/lby,

Ah —  Enthalpy Change

Nstage —  Number of Stages
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2.0 PROGRAM STRUCTURE AND DECK STACKING

The overall program structure is shown in the flow chart, Figure 1. NNEP design point data is
stored in the “thermodynamic data’ for use in calculating weights and dimensions (W/D) in the
WATE-1 part of the program. Computer execution time, core storage, and output print require-

ments have been increased slightly over the NNEP program.

The order of deck stacking of the Job Control cards and NNEP input data are unchanged from
the normal operation of NNEP. Two new inputs have been added to the NNEP indicator set.
The indicators, IWT = TRUE and IPLT = TRUE signals that the weight and dimensions calcula-
tions are to be pcrformed, and the WATE-1 Data Set is required following the NNEP inputs.

Figure 2 shows a typical card-stacking arrangement necessary to operate NNEP and WATE-1.

3.0 WATE-1 INPUTS

The WATE-1 inputs are free-field format (NAMELIST), and begin in Column 2. There is no
specified order to the inputs; however, for the concurrence in the following discussion, they have
been grouped into Plot-Print Indicators, Length Indicators, Mechanical Design Indicators, and

Design Values. Figure 3 shows a complete input set for a typical case.

3.1 Plot-Print Indicators

IWT = TRUE - do weight calculation
FALSE — do not do weight calculation must be located in NNEP
IPLT =T — gas path layout zlirrlflu;f)tional in WATE-1
F — no gas path layout Inputs
&W — placed at end of NNEP inputs to signal beginning of WATE-1 inputs
1S11 =T — SI units input
F — English units input
ISIQ =T — SI units output
F — English units
19UTCD =0 — short form—engine weight, length, and maximum radius
| — long form—component weights and dimensions and short form
IQUTCD =2 — debug option and long and short form



NNEP INPUTS

e
THERMODYNAMIC START
INPUT I
NNEP PERFORMANCE
THERMODYNAMIC — DATA
R PROGRAM ARRAY
|
|
|
|
' DESIGN
| POINT
i
l
|
| THERMO-
Mo DYNAMIC
~ DATA
N
N
N
N
\\
WATE-1 INPUTS
z w/D
——-( PROGRAM [ ————__ wio
w/D DATA
INPUT

Y

GA:,,PA:;* GAS PATH
DISPL DRAWING
PROGRAM

Figure 1 OQOverall Program Structure
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ISt = "ﬁ
I
awW l! 1
& END ’
'/ WATE-1
— g INPUTS

& END

B

NNEP
WITH IWT & IPLT
INPUTS ADDED

Figure 2 Deck Stacking
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MO UE 1 NOW BEING USED

&n

IPLT=T,

1S1l=F,

1510=F,

TuUTCO=yy

TLENGE 1) =2939596979899410,11,

AAMEC(142)="FAN "4 141y 4y 3*(,

IWMEC(143)=°SPLT*,6%0,

INMEC( L1 94)="DJCT*,0:5%y

TWwMEC( L1 99)=0LPLC "5142,y4%Cy

IWMEC(1456)="PRURY'3195%0,

INMECILs7)=HPT '30954~5,3%0,

TaMEC(198)=8LPT '5192y 793%(,y

IWMEC(199)="MIX *y0%0,

IWMEC( L9i0)=IUCTY 9294 %0,

IaMEC(1411)="N0Z *41,1094*4
INMEC(L1312)="SHAF " 31,8 93%042,

INMEC( 1943 )=0SHAF® 32,743%0,5,
DeSVALL£92)Te52%9) a7 904591 6593251205 9e459Ce90c2leslesZerley
DESVAL(1+3)=15%0.y

DESVAL(194)=e4592%0e9lleel 1%0.y
UESVAL(1'5)=O“5,10350070’102’2001051.3'0010c’10’00920’101
DcSVAL(1,6)=100e9015,

DESVAL (197 )T 059028 915901l e5 9165365591l 5U0U0as30rle 96¥0,y
U SVALLL1 92 )=e5590243 91 0532093 9069150000 apZes]l a9b¥*Cay
DcSVAL(1ly9Y)=15%04

DESVAL‘L,IO)'—‘.I’&-'

VESVAL(ly11)=1leyl4*0,.,
DESVAL(1912)=50000 ey e39e85912%04

UESVAL (i 913)=50000aye3¢13% 06y

LENU

[pILITY OF THB

, EPRODUC

ORIGINAL

Figure 3 WATE-1 Input
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3.2 Length Indicators

The ILENG input specifies only those components that contribute to the total additive engine
length. The NNEP component number is specified in ILENG in the order that the components
would add in length to achieve the total length. This must start with the first compressor and
end with the furthest downstream nozzle. Figure 4 shows a typical engine and the ILENG inputs
for that engine. The ILENG input does not include duct (4), nozzle (5) or shafts (13) and (14)

because these components do not contribute to the total engine length.

ENGINE LAYOUT

4 5
D N
1 2 3
! C s
6 7 8 9 10 11 12
D c B T D T N
13
SH 14
SH

ILENG (1) =1,2,3,6,7,8,9,10,11,12,

FLOW PATH AND COMPONENT NUMBERS

Figure 4 Length Input
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3.3 Mechanical Design Indicators
The mechanical design indicators (IWMEC) must be specified for each component of the NNEP
simulation, with the exception of the NNEP Controls, Inlet, and Water Injection or any other

component not represented in WATE-1.

A number of shaft components may be required to simulate an engine in NNEP, as shown in Figure
5. WATE-1 will determine the weight only for connecting shafts of major components, such as the
typical HP or LP shaft. In the example of Figure 5, only shaft 15 and shaft 17 would be specified.

The smaller component number must always be used on the inner shaft, with increasing component

numbers as concentric shafts are added around the inner shaft.

IWMEC is a two-dimensional integer array that contains all of the mechanical design indicators. It
is of the form IWMEC (N, M), where M is the component number used in NNEP, and N is the vari-
‘able number as defined below for each component. Each variable in the IWMEC array for each

component is identified as shown in Figure 3 in free-field NAMELIST format.

10 12
OUTER SHAFT
16 15
SH SH INNER SHAFT
IWMEC (1,16) = - - - - - - -
IWMEC (1,17)= - - - - - - -

Figure 5 Shaft Input
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3.1.1 Compressors

IWMEC Array
Location

1

Description

Type of compressor being weighed.

‘FAN’ — Typical fan

‘FQ’ — Quter portion of non-rotating splitter fan
‘FI — Inner portion of non-rotating splitter fan
‘RSFQ’ — Outer portion of rotating splitter fan
‘RSFYT’ — Inner portion of rotating splitter fan
‘LPC — Low pressure compressor

‘HPC’ — High pressure compressor

This indicates if the fan or compressor has stators.
1 — Stator weight is calculated
0 — Stator weight is not calculated

This is the indicator for ‘front’ frames in compressors. This input may be:

0 ~ — No frame

1 — Single bearing frame for turbofans and turbojets without
Power Takeoff (PTO)

2 — Single bearing frame with PTO

4 — Two bearing frame, such as the frame in front of the HPC

in the JT8D or JT9D which extends outward to the fan
outer case and holds two bearings with PTO

This is the indicator for the ‘rear’ frame in a compressor.

0 — No frame

1 — Single bearing frame for turbofans and turbojet without
Power Takeoff (PTO)

2 — Single bearing frame with PTO

4 — Two bearing frame, such as the frame in front of the HPC

in the JT8D or JT9D which extends outward to the fan
outer case and holds two bearings with PTO

This is the component number connecting to this component for split
flow compressors only. If this is the Fan Outer, the Fan Inner must be
specified. If this is the Rotating Splitter Outer, the inner splitter must be
specified, and vice versa.

Gear box indicator — 0 — No gear or component number of shaft

Number of stages



3.3.2 Turbines
Location

1

3.3.3 Burners
Location

]

3.3.4 Ducts
Location
1

2

Description
This is the type of turbine.
‘HPT’ — High pressure turbine
‘LPT’ — Low pressure turbine
Indicator for turbine exit frame.
0 — No frame
1 — Frame
Compressor number from which the RPM is determined

Component number from which the outer radius limit for the turbine is
determined. If the component number is positive, the outlet dimension is
used. If negative, the inlet dimension is used. If 0, it will use the outlet
of the feeding component.

Number of stages

Description

This is the type of burner being weighed. The input is the burner name
in four spaces.

‘PBUR’ — Primary burner (airframe will be included)
‘DBUR’ — Duct burner (a mean radius is specified)
‘AUG’ — Augmentor (no inner wall)

This is the indicator for frame weight, normally only for primary burners.
This frame includes a bearing,

0 — No frame

1 — Frame

Description
Input ‘DUCT’

Indicator as to type of duct

1 — Dummy — i.e., no weight or length

2 — Length input

3 — Length derived as in a duct connecting a splitter and a
mixer



3.3.5 Shafts
Location
1
2
3-6

3.3.6 Mixers
Location
1

3.3.7 Nozzles
Location

1

2

Location

3

Description
‘SHAF’ — Standard shaft
Shaft number from inner to outer,i.e., 1,2,3,40r S

Turbine numbers connected to this shaft. The last entry is the furthest
downstream turbine. This is used for power summation.

First upstream compressor connected to the shaft

Description
Type of mixer
‘MIX? — The coannular emergence of two streams without mechani-
cal mixer
‘FMIX’ — Forced mixer, mechanical, i.e., Daisy lobed mixer

Indicator for primary input node
0 — Primary is inner

) — Primary is outer

Descripfion

‘NOZ’ — Input

Nozzle type

1 — Convergent

2 — C-D variable area
Description

Component number from which the nozzle inlet diameter can be deter-
mined. If this diameter is taken from the inlet of the component, the
(<) component number must be entered. If (+), the exit node will be
used. If the previous component determines the diameter, this [ocation
may be zero.

Thrust reverser type

0 — None
1 — Fan
2 — Primary
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3.3.8 Splitters

Location Description
1 ‘SPLT’ — Input
2 l — If inner stream is not primary

3.3.9 Annulus Inverting Valve

Location Description
1 Input ‘VALV’
2 Location of Valve
1 — Inner
2 — Outer
3 Component Number of Opposite Duct
4 0 If Fixed, 1 If Movable

3.3.10 Heat Exchangers

Location- Description
1 Input ‘HTEX’
2 Type
1 — Fixed Tube
2 — Rotary
3 Flow Direction
1 — Parallel Flow
2 — Counter Flow

3.4 Design Values

This section contains the mechanical and aerodynamic design data necessary to determine the
weight and dimensions of each component. A summary of this array is shown in Table 1. If
desired, the default values, Table 2, can be used for any component by not specifying the inputs
for that component. The data required is in the floating-point two-dimensional array DESVAL
(N, M), where M is the component number from NNEP and N is as defined below. A typical set of

inputs is shown in Figure 3, and a typical range of values is shown in Table 3.

11



The calculated component weight can be adjusted by an input scaler, DESVAL (15, M), which is a
factor applied to the calculated weight. A zero value, however, denotes that no scaling is used. If

it is desired to zero-out the weight of a component, the scaler can be set to a trivial quantity such as

.0001.
Table1 DESVAL/DEFAUL Array
POSITION
TYPE 1 2 3 4 5 6 7 8
COMP MNI PRM HIT SOLID ARI ARO MNO TMAXI
TURB MNI TLe” SOLID AR! ARO MNO REFSTR MODE
2% YIELD
STRESS FOR
DISK
BURN VR TR DIA MEAN | REFLOC
DUCTS MACH | L/H DIA MEAN | REFLOC
TRAN/
SHAFTS STRESS | RHO HIT
MIXERS L/H NO. PASS
AlV L/H NO. PASS | MNI MNQ RH WTIC wTOoC wTW
HEATEX #TUBE | MNIP MNIS BPR
NOZ L/D
SPLT MNI H/T
TLP= 2
2gJp
h/NgTAGES
POSITION
TYPE 9 10 1 12 13 14 15
comP TMAXO RPMR  |RHO BLADE| MODE RPMSC TMET WEIGHT
SCALER
TURB RPMR
BURN
DUCTS
SHAFTS
MIXERS
AV
HEATEX
NOZ

12



Table 2

DEFAUL Array

TYPE 1 1 3 4 5 6 7 89 [1w0]1M]12[13]14]1s
FAN .55 1.7 45 1.5 4, 3. 45 0. 0. | 1. | 2 0.10 0.
LPC .5 1.5 4 1.5 4. 3, 45 10. 10.|1. |0 1.10.|0.
HPC 4 14 V) 1.5 X 1.5 3 0. 0. | 1.0] 0. 1, ] & |oO.
HPT 3 .25 1.5 1.5 1.5 .45 |125000. | 2. 1. |60,
LPT .45 .25 1.5 2. 4, 55 |125000. (2. | 1. |6*0,
PBUR 100. .015 |13*0.
DBUR 150. .015 |13*0.
AUG 300. .015 |13*0.
DUCT .4 1. 0. -1. 11°0.
SHAFT | 50000. .286 {13*0.
MIXERS[ 1. 8. 13*0.
NOZ 1. | 1%
AlV 1. 8. 5 5 1.1 1.1 1.1
HTEX 5000. .5 5

Table 3. Typical Range of Input Values for DESVAL/DEFAUL
TYPE 1 2 3 4 5 6 7 | 8]9|10]11]|12]|13[14]15
FAN .5-.6 1.5-1.8 | 4-5 1.-1.6 3.-5. 2.-3. .45-.55 0.]0 {1 0] * 1.1 0. | *
LPC .45-.6 1.5-1.8 | 4-5 1.-1.5 3.-5. 2.-3. .45-55 0.1 0.1 | 0| = 1. 1 0. | =
HPC 4-5 1.4-1.7 .6-.8 1.-1.5 2.-5. 1.-2. .2-.3 0.1 0 | 1.0 | = 1.1 0. =
HPT  [.3-4 2-3 1-1.5 | 1.2, 1-2. | .45-5 [100KSI r.|o0]o]o|o]o

150 KSI| =

LPT 4-5 1-3 1.-1.6 2.-3. 4.-6. .55-6 [100KSI| « 1.
PBUR {100-150 | .01-.02 | * . 150 KSI
DBUR |}150-200 | .01-02 | * hd
AUG 200-300 | .01-.02 | O. b
pucB |.4-5 " * *
SHAFB |40-50KSI| .28-.31 0.-.85
MIXERS|1.-2. 7.-9.
NOZ |12,
AlV .8-1.2 6.-1Q. .4-.6 4-.6 * .
HTEX | 5000. 3.5 3.5 d

*NOT APPLICABLE — SEE TEXT
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3.4.1 Compressor

Array
Location Description
1 Compressor face inlet Mach number
2 Maximum first stage pressure ratio
3 Compressor face hub-tip ratio — Rh/Rt
4 Blade solidity, ratio of blade cord to blade spacing
5 Blade aspect ratio at first stage
6 Blade aspect ratio at last stage
7 Compressor exit Mach number
8 Maximum compressor inlet temperature. ZERO If design point temperature
is to be used for material selection OR, OK.
9. Maximum compressor outlet temperature. ZERO If design point temperature
is to be used for material selection °R, °K.
10 Maximum speed ratio — RPMyax/RPM{esign
11 Blade material density. ZERO If WATE-1 is to select material.
Ib/in3, Kg/cc compressor design type
12 1. Constant hub radius design
2. Constant mean radius design
3. Constant tip radius design
13 RPM, scaler, normal input is 1. — use to match known RPM of engine
14 : Temperature at which a change of material is required. If ZERO 1160°R
will be used, °R, K.
15 Compressor weight scaler, input ZERO If no scaling is desired.

3.4.2 Turbines

Location Description
1 Turbine face inlet Mach number
2 Turbine loading parameter

Ut?/2¢ h/Nstages

Blade solidity blade cord/blade spacing
Blade aspect ratio of first stage

Blade aspect ratio of last stage

Turbine exit Mach number

~N O W

Disk reference stress — .2% vyield, this selects disk material.
Ib/in2, Newton’s/cm?

14



10

12-14
15

3.4.3 Burners
Location

]

2

3

5-14
15

3.4.4 Ducts
Location

1

2

3

5-14
15

Turbine design type

1. Constant tip radius design

2. Constant mean radius design

3. Constant hub radius design

Maximum speed ratio — RPMpyax/RPM{esign

Turbine control radius inches/cm — blank if transferred from a component

Density of material in turbine blades — lb/in3/KgKc

Turbine weight scaler, input ZERO.—If no scaling is desired.

Description
Bumner through-flow velocity. ft/sec, m/sec.
Burner airflow residency time, sec.

Burner mean diameter, in. or cm. If zero, diameter is calculated to match
connecting component.

Component number for calculating mean burner diameter. Enter zero if
diameter is specified.

Not used.

Burner weight scaler, enter ZERO.—If no scaling is desired.

Description
Duct Mach number.
Length to height ratio of duct, required if mode 2 isused in IWMEC.

Duct mean diameter, in. or cm. If 0., duct diameter is calculated based on
node specified below.

Node number to calculate mean diameter. Enter 0, if mean diameter is
specified. Enter -1, if connecting component is to be used.

Not used.
Weight scaler, ZERO.—if no scaling is desired.
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3.4.5 Shafts
Location
1
2
3
4-14
15

3.4.6 Mixers

Location

1

3-14
15

3.4.7 Nozzles

3.4.8 Splitters

Location

Description
Shaft allowable stress. 1b/in2, Newton’s/cm?2
Shaft material density. 1b/in3, Kg/cc
Diameter ratio of shaft Djpper/Douter-
Not used.
Shaft weight scaler. ZERO If no scaling desired.

Description

Effective length to diameter ratio of mechanical mixer, L/ 2A/m ,
where L is the mixer length inlet to exit, A is the total flow area. Enter
0. if not a mechanical (forced) mixer.

Number of passages (or lobes) in mixer.
Not used.
Weight scaler. Enter ZERO. if no scaling is used.

Length to diameter ratio of nozzle
Bypass ratio for mixed flow nozzle for T/R weight.
Not used.

Weight scaler. ZERO. if no scaling desired.

Description

Only input if first calculated component in flow path.
Mach number in. ’

H/T ratio in.
Blank.
Weight scaler.

16



3.4.9 Annulus Inverting Valve

Location

1

2
3
4
5

9-14
15

3.4.10 Heat Exchangers

Location

1

E-NE VS

Description
Specific length — L/ VAA/m
Number of passages.
Mach number of inner.
Mach number of outer.

Hub radius in inches/cm or — component number from which hub radius
is taken or blank if feeding component determines the hub radius.

Inner cylinder weight — Ib/ft2/Kg/m2.
Outer cylinder weight — Ib/ft2/Kg/m2.
Wall weight - 1b/ft3/Kg/m?2.

Blank.

Weight scaler.

Description
Number of tubes if “Fixed” type.
Mach number in primary stream.
Mach number in secondary stream.

Engine Bypass ratio if ““Rotary’ type.

4.0 PROGRAM OUTPUT

The output from WATE-1 may be selected in any of three output formats. Either English or SI

units can be selected. Examples of the output for the sample case, Figure 3, are shown for the

short output in Figure 6, the long form, Figure 7, and the debug output, Figure 8. This output

shows the mechanical design and weight breakdown within the individual component. The units in

the output section are shown in Table 4 for English and SI units. The type of units used are noted

in the units section of the output.

A flow path layout is also available for conventional type engines. A typical layout is shown in

Figure 9. The layout is scaled such that it will fit on one page of the output.

17



TOMNL LARE cnlGLINE WELGHT= 2915,

ESTIMATEDU TUT AL LENGTH=

WEIGHT INPUT ODATA 1IN

WE lnT
cuMp wT
NO eST
1 Ce
Z 1029.
3 0.
4 29
5 o©lb6.
6 250.
7 126.
8 ‘0090
9 O.
10 46,
11 295.
12 40.
ls la.

TOWAL

tARE ENGINE WEIGHT= 2615,

COMP
LEN

o.
29 .
Ue
62e
25«
ls.
5.
13.
Ve
58 «
56.
Oe
Ge

GUTPUT DATA IN

ACCU
LEN

O.
29.
29 .
9l .
54 .
2.
78.
9l.
9l .
l49.
2Che
O.
Q.

ESTIMATED TOT AL LENGTH=

ENGL
ENGL

2Jb.

Figure 6 Short Output

JNITS
UNITS

ACLESSCRIES=E 2062404

ESTIMATED MAXIMUM RADIUS=

UPSTREAM RADIUS

RI

O.
9.
Ce
16.
9
Yo
10.
9.
4a
O.
Ce
9.
9.

206,

RO

O.
20,

O.
18.
13.

3.
il.
12.
lo.
29
EYe
20.

13.

ESTIMATED MAXIMUM RADIUS=

Figure 7 Long Output

RI

Oe
C.
C.
Ue
Ca
0.
Oe
Co
lé6.
0.
C.
1G.
C.
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4.

O.
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16.
18.
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0.
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C.
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O.
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5« 59. 5% Os Z26e Te4s 0168 (o168 3.50

PR DEL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT TIN
14789 167 0e524 60952 8499 199y 59 1256.9 26758, 209. 519.

STAGE 2
WD WB WS WN WC CcL RHOB8 RHOD AR
91le 34, 34¢ 51. 21. 6.2 0,168 0.168 3.C0
PK DtL H MACH AREA Kk HUB R TIP NB U TIP STR WEIGHT TIN
Le4l55 16.7 Ce499 5.180 1l.C2 1lbe.9> ¢71193.2 20191. 231. 588,

STAGE 3
WD we WS WN wWC cL KHOb  RAOD AR
97. 2He 23 46 o 190 5.7 00168 00168 20 50 :
PR UEL H MACH AREA K HUB R TIP NB L TIP STR WEIGHT TIN
la3071 16e7 Ves7> 44017 12.07 18.23 70 1148.1 15768, 208. 658.

FRAME WT = 275.15

N STG wWEILHT LENGTH
3 1Cc28.68 28.80

DUCT
M NO wveL T TOT P TOT P STAT AREA GAM
U.453 bH82. 727, 5447, 4743, 362206 143951
PR AD EF PO TO HP
2.8600 0.8700 5447.2 17269 16910.
HI HC Wl Cwl

123.95 174.07 238.50 265.0C

ks xssrsnsrnskssss TOTAL COMP WEIGHT 1S 1028.680

Figure 8 Debug Output
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TS ST E XKL EEXK

* *
*x  HPC 5 %

* *

ABRIREEBBN RN

LDUCT

M NO VEL T 107 P 107 P STAT AREA GAM
D.450 5Hb2. 127, 5447. “l43. 1eB81l9¢ 1.3951
U TIP STRESS UEN W/AREA TR H/T

1268541 23331.5 Uelo8 C. 687 1. 20C C.700

CUMPRESSUR 5 MECHANICAL UESIGN

L CADING N STo DIAM U T1P C RPM L RPM
Ue651 16. 0u 25.58 1085.6 11515.5 9727.5
FRAME WT = 118.2¢
STAGE 1

WD L1 WS WN WC cL RHUB  RHUD AR
l4e l4e l4e 36. 10. 4.5 0.163 0.168 2.00

PR DEL H MACH ARtA R HUB R TIP NB U TIP STR
13603 17eb 0450 1.320 38e¥5 179 5C 1285.1 23331,

STAGE 2
w0 WE WS WN wC cL KHUB  KHOD AR
<0 Fe Jo 2Y te 3.6 0168 0.168 1.94 -
Pk Dtl H MACH AREA R HUB K TIP NB U TIP STR
le3i4l 17e€ D@35 lebhe 9442 1iewd 6C 125C.7 18F1 6.
STAGE 3 '
wD Wi WS WN WwC CL rRHOB  RHAOD AR
1o. be 6e 25 1. 3.0 0168 Uelb68 1.89
PK ULEL H MACH- AREA « HUB R T1P NB U TIP STR
led943 178 0420 1alT7T1l 975 12419 7( 1225.3 15046,

StAGE 4
wD W8 WS WN wC cL RH358 RHOD AR
13. 4. 4. 21. 6. 246 Us168 O.lo8 1.83
PR kL H MACH AREA R HU3 R TIP NB U T1P STR
Le2¥04 L1768 CaulG> 04970 996 12.00 &1 120642 12477,

STAGE 5
WO we WS wWN wWC cL RHOB  RHOOD AR
l1l. 3. 3. 1lBe. S5e 202 00168 Uel68 1.78
Pk DEL H MACH AREA K HUB R TIP N8B U TIP STR
12499 178 (o390 Ca8l8 1015 11.86 93 1191.5 10527.

STAGE 6
wD W8 WS WN WC cL RHOB  RHOD AR
10. 3e 3. loe. 4. 2.0 0.168 Calb6l 172
PR DEL H MACH AREA R HUB R TIP NB UTIP STR
led3c4 1748 06375 0701 10.28 11.74 104 1180.1 9018,

Figure 8 Cont.
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WEIGHT TIN
99. 727.

WEIGHT TIN
75. 800C.

WEIGHT TIN
59, 873,

WEIGHT TIN
49. S40.

WEIGHT TIN
4l. 1017.

WEIGHT TIN
36. 1089.



STAGE 1

1, 18] W L wiN WC cL RHO8  RROO AR

Ye o e 1. 4. 18 Uel6d CGald8 1.7

PR ukL H MACH AREA KR HUB R TIP N U TIP STR
Leél73 1740 o360 Ja608 10439 11.65 115 1171.0 7829,

SIAGE 8
Wo Wb WS AN WC CL RRGB  RHOD AR
ice. 3. 3« 13 Se leb UecBo Ce286 1461
Pk ukL H MACH AREA R HUB R TIP NB u TIP STR
Lecl4c 1744 04395 0Ue534 10447 11.58 146 1163.6 11712,

STAGE 9
WD Wb LN WiN wC cL RHOB  RHOD AR
15. de 3¢ l2e 3. 1.5 0,286 0.286 1.56
PK  wveL H MACH AREA R HUB K TlP NB U TIP STR
1o19¢6  1Teb Ue330 0Ge475 10,53 11.52 136 1157.7 10407,

STAGE 10
wWo Wb WS N WC cL RHOB  RHOL AR
i5. Ce Ze lle. 3. led Ve2bb 0.286 1.50
PR LEL H MACH AREA K Hub R T1P NB U TIP STR
lel824 17.8 06,315 0.426 10,59 11,47 146 1152.8 9343,

N STG WEIGHT LENGTH
10 616.43 25.43

pucCT }
M NO VEL T 70T P 107 P STAT AREA GAM
0.300 Su4we i¢3b. 51236. 4823l 03874 1.3539
PR AU EF PO TG HP
9e4060 046700 51235.9 1435.6 33965,
HI HE "l Wl

174,07 352.23 134,75 61 .97
*xsrs e xaxnrpx2x3y TOJAL COMP WEIGHT 1S 616 .477

YESIXEBREEREXR

* *
* PBUR 6 >
* »
ORISR NRD
BURNERX NUMBER 6
RIN ROUT LENGTH MACH wSpP el
6.75b 12.909 18 000 0.055 4 .59
CAS WT LIN WT NOZ wWT INC WT FRAME WY OT
242 40.4 17.8 lo.4 1513 25062

Figure 8 Cont.
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WEIGHT TIN
32. 1159.

WEIGHT TIN
39. l229.

WEIGHT TIN
36. 1299.

WEIGHT TIN
33. 1367.



EPRODUCLBIL.l’l‘Y OF L
ORIGINAL PAGE IS

PP YT I T T T
* *

*  HPT 1T %

* *

TSI Y)

ouClt

M NO VEL T TO7 P 107 P STAT AREA GAM
0.500 lloe 2621. «6112. 3937, De3977 1.2%8

u TIP STRESS DEN W/AREA LL,3 H/T
11C0.0 9819.5 0.286 C.246 1.000 0.922

TURBINE 7 MECHANICAL UESIGN
H/T N STG LOADING  AREA
0e922 2.000 0.280  0.39y

uT kT1P RHUB DEL H |KPM TORC
1166.0 11.0 10.1 174.5 11515.5 18'913.
STAuLE 1
UISK BLADE VANE HWD CASE AR
Oes 23 8 .4 217 4.0 l.50

P UEL H MACH AREA K HUB R TIP NB U TIP STR WEIGHT
18453 87.2% 0500 00398 10614 11.01 18C 1106.0 9820, 42.84

STAGE 2
U ISK BLADE VANC HAD CASE AR
10.3 et 23.7 35.5 68 l. 50

PR Dkl H MACH AREA R rHUB K TIP NB U TIP STR WEIGHT
2elubs BTes G525 046606 1Ul4 1leb9 116 1160.9 16456, 83.19

v STG LENGTH WEIGHT

2 Ce3l 126403
DULCT
M NO VveL T TOT P 10T P STAT ARtA GAM
0.550 llav., 2028. 12436. 10243, 12074 1.3127
PR TR AD EF PO Tu TCel

37081 142928 0638600 12435.,6 2027.7 2027.7

rnt 1IN H 0OUT AREA FLOW HP

OYYe 8 5S24.74 5217 12756 55969,

*3 25 x5 5356 5226 %%%x % TOTAL TURB WEIGHT 1S 126 028

L 2R LR ELI RS LS

* *
* LPT 8 =
* *
EE RIS RS2 W4
bucCT
M NO VEL T TOT P TO0T P STAT AREA GAM

Figure 8 Cont.
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U TIP STRESS DEN W/AREA TR H/T
T¢7.0 1170845 0.280 Ce 777 1.00¢ Ce705

TUKBINE & MECHANICAL DESIGN
H/1 N STG LOADING ARE A
0.765 2.000 0e243 1.207

uT K11IP RHUB DEL H RPM TORG
727.0 11.5 8.8 Bb6s9 7210G.9 147693,
STAGE 1
U 1SK bLADE VANE HN D CASE AR
5.0 22." 66.0 35.9 “’.‘7 ‘.00 )
P« uUEL H ®MACH AREA K HUB Kk TIP NB U TIP STR WEIGHT LENGTH
STAGE 2
U LSK bLADE VANE HAD CASE AK
b" 27.6 81 ." 3".0 9.3 3.00
PR LEL H MACH AREA R HUB K TIP NB U T1P STR WEIGHT LENGTH
1aS156 4544 UeSTD 1ebd2 3433 1239 96 780.6 1019, 159.21 4.17
FRAME WwWT = 167,79

N STL  LENGTH WELGHT

2 13.4L «69.18
DULT
M NO VEL T 10T P TO7 P STAT ARcA GAM
Oe 603 1lubdae 1722, 5594 « 4436, . 23313 la3249
PR TR AD EF PQ TI TC.1
Ce2236 141779 U8000 5593.7 1721.% 1721.5
H IN H OuT AREA FLOwW HP

526.717 431481 16.80 137.56 16912.

e x5 x558% TOTAL TURB WEIGHT IS 469.184

T RIS EE R 2 2L £

* *

¥ AUG 10 =

* *

EEEEBIRBERES2

BURNER NUMBER 10
RIN ROUT LENGTH MACH wSPeC
0.0 24.120 48 .000 Cel43 11.899
CAS WT LIN WY NOZ Wy INC WT wioT

23.7 12G. 0 29.1 0.¢C 439.8

Figure 8 Cont.
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L EXI I ES LR 2L

* *
* NOZ 11 =
» »

SERIRRBERRKD

NuUZZlLt 11
At IGHT = 568.95 LENGTH= 48,239 TR HWli=

LR EL R LR X J

 J »

 JUCT & =»

* ¥

¥EEBEEEXIER KN £

pucr 4

Rr= 13078 RT= 17.69 LENG= 0le.l6

AxEA= le4Cl RHO=.l068
CAS WT INC WT WTOT
15.2540b 13.8556 29 .39 64

XL ERESREFFREK

* A *

* SHAF 12 =x

* *

KEBEXBRRRIRNKD

SHAFT | 4
DO D1 LENG DN WY
3.54 3.01 48.74 D65 4G,03

KBRS F X EXR

* *

¥ SHAF 12 =

x x

EERUEREEDREERD

SHAFT 13
0a L1 LENG DN wWT
4035 3.94 18.0G6 1e27 14433

R RER KRR R R

x x
¥ ACCS Wl =
¥ x

B ASREERRR KR

ACLS WT= 5014414

Figure 8 Cont.
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WEIGHT INPUT UATA IN ENGL UNITS
WEIGHT OUTPUT DATA IN ENGL UNITS

CuMp

NG

WE SN UL LN -

16
11
12
i3

TOTAL

wT
EST

Ue
113z.
Ue
32
ol8e.
275,
139.
516.
Oe
“Hae
©loe
44.
16.

BARE ENGINE WEIGHT=

comp
LEN

0.
29.
0.
62.
25.
18.
5.
13.
Oe
48.
48 .
(V39
e

ACCU
LEN

O.
9.
29.
Sl.
54.
2.
18 .
91.
91.
139.
187.
O.

O

ESTIMATED TOTAL LENGTH=

UPSTREAM KADIUS

Rl

C.
9.
0.
l6.
9.
9.
10.
9.
4.
C.
Ge
Ye
9.

3941,

187.

rUJ

Oe
20,

O.
18.
1-’.
13.
li.
1.
16, 1
244
2%
20. 1
13.

ACLe SSORIES= 3C] .41
ESTIMATED MAXIMUM RADIUS=

R1

Ue
0.
U.
O.
Ce
C.
O.
.
be
C.
Ce
O.
.

RO

O.
O.
Ce.
O.
c.
0.
O.
Q.
21l.
O.
Ce
11.
0.

Figure 8. Cont.
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DOWNSTREAM RADIUS

RI

0.
13.
13.
16.
11.

9.
10.

9.

4o

C.

Ce

0.

C.

RO

0.
18,

16.

18.
l1l.
13,

130 :

14.
21.
24.
22.
0.
o.

R1

0.
0.
16.
o.
O.
O.
0.
0.
0.
O
O.
O.
0.

24.

RO

0.
0.
18.
0.
O.
0.
O.
o.
0.
Qe
C.
C.
o.

NSTAGE

OCQCQOOONNOODOOWO




9

UPUATEL INPUT UATA TQ KEFLECT CALLULATED 1rPUT
CuMPUNENT

NQ o

'S

G aNC s L

-

il
ac

Ao

CASe TOWLNTLFICATION

Tyre
INLET
CJi4PRES R
SPLITIER
OULT R
LUMPRLLR
PN -}
TuRo INE
TUho INE
MLlAEK
wull &
NoZlLt
SHarl
SHAFR]

FLON
STATION

wwMPUNENT

NUe

r

MALr=

TYpre
INLED
CUMPREDK
SPLATIER

ouCt 3
“UMPKEDK
pucCt B8
TURBINE
TuruliINE

MIAER
wulT 3
NJalile

SHAFT

SHAF

Je o

DATINPL
D.238500 03
veltULOU O]
veTT7000 OO
Ce0
{ea3VL0L O
UelUO00L O
Ve40uudD Ol
Decdu0uu vl
J.10773D0 03
UebUdWL~0L
Qe lzbsu €3
Ue+00JL O«
VeoJV 00D U4

WEIGHT
FLOW
StTatel
Jec38500 03
Ce23buul Q3
0.233500 03
Veisda750 03
Oel3icou 03
J.350340 Q1
Jel34605u 03
Cel3750 03
Del37500 03
Oeluld sy 03
VeZel3id G3
G.24131D 03
0.241310 03
0«l0375u0 03

DATOUT1
Vel

~O.1691220 0
0.770000 OO
[+ 29V]

—e 337090 0>
3.0
0.33y09u 0>
Ce.l1694i20 G5
VeT01Y30 03
Jev
V«137850 05
0.0

G.C

ALTITWE=

ALRrCOW L3750}

Nel

HkuST

TalaL Jwl=T DKAL

RS

Tallkcew

1RKUST

VA TINP
0.0
Ceu
(o C
Qv
Ve 20 LLVU=V L
0.0
Q. 1000uL U1
e 0
Ue 039250 03
[VIAN]
(10000 C1
L. 100400 1
UeaWlOuL U1

SIMPLE MuLtL

TUTAL
PRE SSURE
STATP¢
Celubvou J¢
veid226v U2
0, 31d.au 02
0.37820LL 92
CedD58lu v
0. 355310 ¢3
Ve 32Cc2v V3
CabDITOL WE
Ge30 09y I
ve3TueBL 2
Ce 374010 ¢
Ge351510u 22
0.,35157L v«
CeaTb28L vZ

ODATJUT .
(ld\l
Ca4CLC Ly Ou
(. C
0.0
Ce00luuu 04
G. LUOYGCL 20
Qe 060GV vé
Caa0OL LD (&
Gea639L50 03
Ve 60LO0OD~V L
Ge 133790 uw
Ce40000L (o

Coel(uCu (&

Ve AcCIVERY= ¢ v (00

by

13185401
t.C

i3785.014

LATINP]
Oelub960L 02
QoaLlOL Ch
C.0
C.0
0e514550 04
. C
O.407230 00
Ve 315TTD LU
DecaD0DL LS
0.0
Vet
%9.1™M0uvL 01
VealOUL 01

DATINP&
C.0
0.37010D0 04
C.0
C.C
0.3707CL 04
(. 265CCL (&
G.380100 04
Ce38030D0 O«
C.0
0.0
0.0
(. 10La00 01
0100000 V1

JATINPS
0.9
0.265900 03

1418D 02
«CC00 Of
U6450 0O
26330 0C

O ~N~NOOC OO

0
9
0
C
0
o]
Je
2,7G00CY 00
Gav80L0D 0C

0.120000 C1
0.100000 01

STATIUN PRIPERTY JUTPUT DATA

10TAL
TEMPERA TURE

STATP3
GeS185T0L CL
Uebld67L 03
Qe726370 (3
0.726870 M
Ue le3560 04
C. 143560 Co
Uect5000 04
Je2r27bU Gw
CatlTZlolL O4
GoTeo87D 03
04131570 04
04131570 0O«
0.131570 04
Coe7c6870 03

L2TIVUT3
Ueo
VeV
Jevu
0.0
Vel
0.0
041(000D 01
(.iCOOLUL 01
C.l03870 OL
0.0
0239220 O}
0. 4L700D 04

Cat? " TC0 Ca

FUEL/AIR
RATID
STATP&

C.<

0.0

.0

0.0

0.0

[ 7]

Cedla250~01

0+208080-01

C.208680-(C1

0.0

0.117900-01

Call790u=-01

C.117900-01

0.C

REFERKED
FLIW
STATPS
C.2385C0D 63
0.26499u 03
C.1C9690 C3
0.6197C0 02
0.90183D 01}

0.0

0.13905D0 02
0.462760 02
0.948C10 02
0.477170 02
0.151ul0 03
0.160650 23
0.160650 03
Qe 77170 02

COMPONENT DOUTPUT DATA

DATOUT &
Ce10000u J1
C.18000D ¢!}
0.0
0.0
0.1306000 01
0421425021
Ce400000 01
04250000 01
CelVllieu 0}
0.0
0.48393D 03
C.407000 04

(60U D4

OKUSS THKUST

TsK

TUTAL oRARE SHAFT HP
INSTALLED TSHC

JATOUTE
0.100000 C1
Ve4 000Ul 04
CGa0
2.0
0.51455D0 04
G.0
0.467330 00
0.385770 00
0.472740 G3
0.0
0.472830 03
0.0

0.2

O 1TeRATIONS

1373¢%.31

Cat343
Cal

Co7347

Figure 8 Cont.

<

DATINPO
¢.900000 00
0.376200 04
C.0
G0
0.37080D0 04
Ca1b30C0L €5
G.30020D 04
0.38040D 04
.0
C.183000 05
G.10CC0u 01
C.1CGCCD 1
0.109000 01

MACH
NUMBEK
STATPs

Q.G
V.0
c.C
O.0
0.0
6.0
0
«24CCLD CC
00duu U1

117290 C1
Cal2734D GO

[

0.0
C.2
0.0
c.0
Gel
[¢]

DATOUTS

0.100000 01
c.C
9.9
¢.98500D 00
0.1C1230 05
C.568000 04
0.524400 0O«
C.167730 €3
0.0
0.10000D 01
0.0

C.0

PASSLL

FUEL FLIW

DATINP?
0.C
0.101130 01
Vel ’
C.0
0.90909D0 00
Va0
C.907270 00
0.940120 00
0.0
0.0
Q.0
C.100000 C1
0.100000 01

STATIC
PRES SURE
STATPY?

C.C

Q.0

Col

0.0

0.0

C.0

C.0

Vel
C374C1D C2
0.0

C.0
0.187800 02
0.14696D 02
C.374010 02

JATOUTY?
C.90000D 00
C.26590D 03
C.0
G.0
C.61418D 02
G0
0.706450 00
0.726330 OO
Ca0
0.0
0.980000 00
0.0

ve

(Ln/HR )

NET TrhuST/Z2 IKFLDW
suAalTAIL uRal

SPILLAGE + LIP

IRAG

UATINPSB
C.0
0376300 C4
C.C
CeV
0.27090L 04
0.0
0.9C244D CC
0.81556L 00
0.0
0.0
0.C
c.1CC0C0 C1
¢.1C0000 01

FLOW ERROK
STATPY

0.3

0.0

DATOUTE
0.160000 O1
0.870000 00
c.0
C.0
0.870000 CO

0.940000 CO

G.860000 00
0.860000 GO
Ca9499C0-10
0.0
0.187210 01
0.0

Cel

101cz. kL
STa ity
WVl

(.

DATINPY
00
0.992220 €O
0.0
0.0
0.132460 0)
[INV]
0.1CCGO0L C)
0.1000C0 OL
0.t
0.0
0.1C0030 01
G.1C0CCD O}
C.10060G0D 01

INTERFACE CURRECTEL

DATOUTS
0.C
0.286000 01
C.C
0.0
0.94060C 01
0.265000 04
0.370730 01
0.22234D 01
C.100000 01
0.0
0239230 01
0.0

Cel

"NIOTG

.
Ay

HSTE

st
) AL [i610Na08dEq

400d

EESRARS|
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Figure 9 Flow Path



Table 4. Output Units

VARIABLE SI UNITS ENGLISH UNITS
Velocity m/sec ft/sec
Temperature O %R
Pressure n/m2 1b/ft2
Area M2 ft2
Stress N/cm2 1b/1‘n2
Density kg/cm3 .lb/in3
Weight kg 1b
Length cm in
Enthalpy kwatts btu/sec
Horsepower kwatts hp
Weight flow kg/sec 1b/sec
Weight flow/unit area kg/mzsec 1b/ft2 sec
Radius cm in

28




5.0 EXAMPLE CASE

A simple mixed flow augmented turbofan is used as an example for the WATE-1 input and execu-

tion. Figure 10 shows a schematic and a block diagram of the engine. From this block diagram, the

component numbers are determined.

<
- u <
— 1L ] <
| | | <
— 3 <
4
1
5 5
1 2 3 N 9 10 1
| c s [— 7 ) A N
1 2 4 ) T 12 13 14
5 5 7 8
L JcC B T T
6 8 9 10
13
SH

Figure 10 Engine Schematic
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To construct the input deck the indicator section must first be set, Figure 11. In this example, the
units in and out are English, so ISII and ISIO are set false. Since the weight and gas path layout are
desired, IWT and IPLT are set true. The debug option is turned on with IOUTCD set equal to 2.
The length inputs are then entered in ILENG. Since the duct (4) and shaft (12) and (13) do not
contribute to the total length, they are not entered. Also, the components are entered as the flow

would progress through the engine.

MC vk 1 NUA BEING USED

N

IPLT=I'

£511=F'

IS I0=F,

13UTCD=2,

TLENGULI=249395959 79899910, 11,

IWMEC (Y1 y2)=%FAN *y1y1,4%43%0,

IAwMEZ(L,3)="SPLT®, 6%0,

ITAMEC(14)=2DUCT®,3,5%(,

TAMEC(L1 25 )="HPC %y 1,y244%0,

IWMEC(14y06)='"PBUR®,1,5%(,

IWMEC( 19 7)="HPT '9(C95¢4~5,4320,

IWMEC(143)3PT 41,2, 7y 3% (y

TWMEC( 149 )=8MIX ¥, 6%y,

IAMEC(19120)=AU6 " y0%0,

TAHMEC(L911)="ND2Z ® 42:=10,4%0,
TAMEZ(15312)=SHAF® 3198 93%0,2,
ITWMEC(1y13)=9SHAF® 247 ¢3%0,5,
UtSVAL(172):.52‘9,1.7904511.5'3.59Lc5’o‘15’0.100'109‘:'-'2.,1010'101’
DESVAL(193)=14*Caylaly

Do SVAL(Le4 )= e4592%Ca 9l le ol C*¥Caglaly

DeSVAL (195 )Te4591e299e709] e292091l 05963 90e90a9l esCor2evlerOylely
DeSVALLL1 90 )=100e9e 01590695 e91C%¥0a9leily

O SVAL (1 97 )= a5 9005910591 a5 3159655915007 Ca0309legs20.91.1,y
DESVAL L 98 )5e559)ed43 910592 e9 3096631500004 93e91a95%¥0a41.1,
DthAL(l,‘)):l‘f*(f.' leiy

DibVAL(lolO)-’-d‘)U.v 0016912*00’1011
Df’.bVAL(l’ll):SOOO(JO’039065711*0091019

Dt SVAL(1911)=1.913%0eplely
DCSVAL‘1’13,;500000’03’12*60'101’

&END

Figure 11 WATE-1 Input Example
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The IWMEC values are now entered. Since no inlet weight calculations are done, the inlet is not
entered. This is true with any component entered in the NNEP KONFIG section; it is not entered

in IWMEC if no routine exists to weigh it. In the example, the IWMEC (1,2) card says a “fan” is
being weighed. The weight will include stators, INMEC (2,2) = 1, a front frame, IWMEC (3,2) = 1,
and an intermediate frame, INMEC (4,2) = 4. The IWMEC (1,8) card says a “LPT” is being weighed.
[t has a turbine exit frame, IWMEC (2,8) = 1, and it is connected to component 2, IWMEC (3,8) = 7.
The nozzle has variable area capability, IWMEC (2,11) = 2, and its diameter will be taken from the
inlet to the augmentor, IWMEC (3,11) = 10. Since the augmentor has constant diameter, the node

position for taking the diameter is of no consequence.

The DESVAL inputs follow the IWMEC inputs. Component numbers used in DESVAL must agree
with those used in IWMEC. Input of DESVAL data will override the default values. For the exam-
ple case, the fan design card DESVAL (1,2) indicates that the compressor inlet Mach number is
0.524, the maximum first stage pressure ratio is 1.7 and the inlet hub/tip ratio is 0.45. The com-
pressor has a blade solidity of 1.5 with a first blade aspect ratio of 3.5. The last stage has an aspect
ratio of 2.5 and an exit Mach number of 0.45. The inlet and exit temperatures calculated in NNEP
will be used for disk material determination, DESVAL (8,2) and DESVAL (9,2) are 0.; the RPM
ratio between maximum and design is 1.0. The blade material will also be chosen by the code
because DESV.AL (11,2)is 0. The design of the fan is a constant mean line since the mode, DESVAL
(12,2), equals 2. Also, no speed scaling or weight scaling wili be done since DESVAL (13,2)is 1.0
and DESVAL (15,2) is 0. A material change temperature of 1 1609R will be used since DESVAL
(14,2) is 0.

The HP turbine DESVAL (1,7) has an inlet Mach number of 0.5 and a turbine loading of 0.28.
It has 1.5 solidity with inlet and exit blade aspect ratio equal to 1.5. The exit Mach number is
0.55. The disk material is a high strength super/alloy with a reference stress of 150,000 psi. A
constant tip radius is used in the design, DESVAL (8,7) = 3., and a speed ratio of 1. is specified for

stress calculations.

To end the inputs, a “&«END” is entered. This will initiate execution of WATE-1. The output of

WATE-1 is shown in Figure 12 for the example case.
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L2 222 22222 2 23

* * : J1LITY OF THE
REPRODUCIBILY]
y FAN 2 | ORIGINAL PAGE IS POOR
b3 -2 222223 V)
DUCTY
M NO VEL T TO7 P 10T P STAT AREA GAM
0524 570. 5169. 1905. 1579. 6.9517 1.4005
U TIP STRESS DEN W/AREA TR H/T

1258.9 26757.6 0.168 20339 1.800 Ce450

COMPRESSUR 2 MECHANICAL DESIGN

LOADING N STG ODIAM U TIP C RPM C RPM
0.874 3.00 39.98 1258.9 7216.9 T116.9
FRAME WT = 95.67
STAGE 1

WD wB WS WN wC cL RHOB  RHOD AR
65. 59. 59 0. 26. Te4 00168 0168 3.50
PR OEL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT TIN
1.4789 16.7 0.524 62952 8.99 1999 59 1256.9 26758, 209. 519.

STAGE 2
WD WB WS WN wC cL RHOB RHOD AR
91. 3%« 34 51. 21. 6.2 0.168 0.168 3.00
PR DEL H MACH AREA K HUB R TIP NB U TIP STR WEIGHTY TIN
Le4155 16.7 0499 5.180 11.02 16.95 67 1193.2 20191. 231. 588.

STAGE 3
WO wB WS WN wC cL RHOB RHAOD AR
97. 2). 23. 46. 19. 5.7 0.168 0.168 2. 50
PR DEL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT TIN
1a3671 167 0a475 4017 12.17 18.23 70 1148.1 15768. 208. 658,

FRAME WT = 285.15

N STG WEIGHT LENGTH
3 1028.68 28.80

DUCT
M NO veL T 70T P TOT P STAT AREA GAM
0.450 582. 727. 5447 4743, 362206 1.3951
PR AD EF PO TO0 HP
2.8600 0.8700 5447.2 1269 16910.
Hl1 HO wl CWl

123.95 174.C7 238.50 265.06

*estxnsrdnsrrsksass TOTAL COMP WEIGHT 1S 1028.680

Figure 12 WATE-1 Output Example
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XEFEEE XK KEX

x %

* HPC 5 =

x *

ERRSREBEEKEKE]

DUCT

M NO VEL T 10T P TOT P STAT AREA GAM
0.450 582. 727. 5441. 4743, 1.8196 1.3951
U TIP STRESS DEN W/AREA TR H/T

1285.1 23331.5 0.168 G.687 1.200 G. 700

CUMPRESSDR 5 MECHANICAL DESIGN

LOADING N STG DIAM U TiIP C RPM C RPM
Ue651 10.0u 25.58 108546 11515.5 9727.5

FRAME WT = 118.22

STAGE 1

WD WwB WS WN wC cL RHOB RHOD AR
24. l4. 14, 36. 10, 4.5 0.168 0.,168 2.00

PR DEL H MACH AREA R HUB R TIP NB U TIP
13603 17.8 0450 1.820 8.9> 12.79 50 1285.1

STAGE 2
WO Wb WS WN wC CL RHAOB KHOD AR
20. Y Yo 29, te 3.6 0.168 0.168 1.94
PK DL H MACH AREA R HUB K TIP NB U T1P
le3i4l 1748 04435 1e442 9,42 1le45 606 125C.7

STAGE 3
wD L] WS WN wC cL kHOB  RHOD AR
l6. be be 25 Te 3,0 0.168 0.168 1.89
PK LDEL H MACH AREA KR HUB R TIP NB U TIP
1.2948 17.8 Ce420 1171 9.75 12.19 7C 1225.3

STAGE 4
w0 W8 WS WN wWC CL RHO58 RHOD AR
13. 4e 4. 21. 6. 2.6 0.168 0.168 1.83
PR LEL H MACH AREA R HU3 R TIP NB U TI1P
12704 178 0a405 00970 9.96 1200 &1 1206.2

STAGE 5
WO wB WS WN wC cL RHOB  RHOD AR
l1l. 3. 3. 18e. 5¢ 22 0.163 U.l68 1.78
Pk DEL H MACH AREA R HUB R TIP NB U TIP
1.2499 17.8 G390 U818 10.15 11.86 93 1191.5

STAGE o6
wD w8 WS WN WC cL RHOB  RHOD AR
1G. 3e 3. 1l6e. 4e 2.0 0.168 U166 1.72
PR DEL H MACH AREA R HUB K TIP NB U TIP
led3c44 1745 06375 0701 10.28 11l.74 104 1180.1

Figure 12 Cont.
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STR
23331.

STR
18f1 6.

STR
1504 8.

STR
12477,

STR
10527,

STR
9018,

WEIGHT TIN
99. 727.

WEIGHT TIN
75. 800.

WEIGHT TIN
59. 873.

WEIGHT TIN
49, 946,

WEIGHT TIN
4l. 1017.

WEIGHT TIN
36. 1089.



STAGE 1

WD WB WS WN wWC cL RHOB RHOD AR

9. e 2 l4. 4. 18 0168 Q0.168 1.67

PR OEL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT TIN
12173 178 0360 0.608 10.39 11l.65 115 1171.0 7829. 32. 1159.

STAGE 8
WD WB WS WN WC cL RHOB  RHOD AR
le. 3. 3. 13. 3e 1.6 0.286 0.286 1.61
PR UDEL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT TIN
Lec042 17.6 04345 0.534 10.47 11l.58 126 1163.6 11712, 39. 1229.

STAGE 9
WD WB WS WN wC cL RHO8 RHOD AR
15. 3e 3. 1l2. 3. 1.5 0.286 0.286 1.56
PR btL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT TIN
11926 17eb 04330 04475 10,53 11le52 136 1157.7 10407, 36. 1299.

STAGE 10
WO Wi WS Wi wC cL RHUOB RHOU AR
15. Ze 2. 1lle 3. le4 00286 0.286 1.50
PR DEL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT TIN
1e2824 17.8 04315 0.426 10.59 1ll.47 146 1152.8 9343, 33. 1367.

N STG WEIGHT LENGTH
10 616.43 25443

DuUCT
M NO VEL T TOT P TOT P STAT AREA GAM
0300 544. 1436. 51236. 482351. 0.3874. 1.3539
PR AL EF PO T0 HP
94060 048700 51235.9 1435.6 33965.
HI HO nl CwWl

174.07 352.23 134.75 61 .97
XEBRRF 505X 305225 % TOTAL COMP WEIGHT IS 6l6.417

FESEXERRBENER
x x*
®* PBUR 6 *
* *
EEREER AR NED
BURNER NUMBER 6
RIN ROUT - LENGTH MACH WSPEC
G758 12.909 18 .000 0.055 44,596
CAS WT LIN WT NOZ wWT INC WT FRAME WTOT
24 .2 40.4 17.8 lo.4 151.3 25042

Figure 12 Cont.
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FERBSERERRRAR

* ¥

* HPT T =

* *

RESPBASEFRERD

QUCT

M NO VveEL T TOT P 107 P STAT AREA GAM
0.500 ll8oe 2621e 46112. 39327 Je397T7T 12968
u TIP STRESS DEN W/AREA TR H/T

1166.0 9819.5 0.286 C.246 1. 000 0.922

TURBINE 7 MECHANICAL DESIGN
HZT N STG LOADING AREA
O0e922 2000 0.280 0.398

uT KT1iP RHUB DEL H RPM TORQ
11G66.0 11.0 10.1 174.5 11515.5 185913,
STAuE 1
UISK BLADE VANE HWD CASEt AR
Oe't 263 8 .4 2107 4.0 150

Pk OUEL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT LENGTH

18453 8742 0,500 04398 10.14 11.01 18C 1106.0 9820. 42.84

ST AGE 2
UISK BLAOE VANE HWO CASE AR
10.8 Set 237 35.5 6.8 1.50

2. 02

PR DkrL H MACH AREA R HUB R TIP NB U TIP STR WEIGHT LENGTH

2003 8Te3 0525 0.666 1014 11.55 116 1160.9 16456. 83.19

N STG LENGTH WEIGHT

2 5631 126403

puct
M NO VEL T 70T P TOT P STAT AREA GAM
0.550 1149, 2028. 12436. 10243. 1.2074 1.3127

PR TR AD EF PO TO TCel
3.7081 1.2928 048600 12435.6 2027.7 2027.7
" 1IN H OUT AREA FLOW HP
099.28 524.74 517 137.56 35969.

333530 3355 %xxb%xkx% TOTAL TURB WEIGHT IS 126 .028

S AERE FA K NER

* *
* LPT g8 ¥
% %
EERIERXAEBNNZ
DUCT
M NO VEL T TOT¥ P TO7 P STAT AREA GAM
0550 1149. 2ul8. 12438. 10245, 12072 1.3127

Figure 12 Cont.
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U TIP STRESS DEN W/AREA TR H/T
T¢7.0 1170845 0.28¢0 C.7717 1.000 D765

TURBINE & MECHANICAL DESIGN
H/T N STG LOADING AREA
0.765 2.000 0243 1.207
uT RTIP RHUB DEL H RP M TORQ
727.0 1l.5 8.8 86.9 7216.9 147693,

STAGE 1
DISK  GLADE VANE  HWD CASE AR
500 22.4 6640 38.9 Ge9 2400 ‘
PK OUEL H MACH AREA K HUB K TIP NB U TIP STR  WEIGHT LENGTH
1.4669 43.4 0.550 1.207 8483 1l.%4 80 727.0 11709. 142.18 477

STAGE 2
D ASK bLADE VANE HAD CASE AR

bey 276 81 .4 34.0 9.3 3.00

PR DEL H MACH AREA R HUB R TIP NB U TI1P STR WEIGHT LENGTH
1e5156 435¢4 G575 1.652 8443 12.39 98 780.6 16019. 159.21 4. 17

FRAME WT = 167.79

N STG LENGTH WEI1GHT

2 l12.46 469.18
DUCT
M NO VEL T 107 P 10T P STAT AREA GAM .
0.600 1ib54. 1722. 5594 . 4436 o 23313 1.3249
PR TR AD EF PO T3 TC.1
262236 1alT79 08600 5593.7 1721.% 1721.5
H IN H OuT AREA FLOwW HP

£24.71 437.37 16.80 137.56 16912.

*sxaseskrr it srse® TOTAL TURB WEIGHT IS 469 .184

XX SESS SR KB RER

* *

% AUG 10 =»

* *

EEREXSHXEXES D

BURNER NUMBER 10
RIN ROUT LENGTH MACH WSPEC
0.0 244120 48 .000 Cel43 11.899
CAS WT LIN WT NOZ WT INC WY wWTQT

23.7 12C.0 296.1 0.C 439.8

Figure 12 Cont.
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SR SEEXEREE XK

» *
* NOZ 11 x

* %

EERPOERRERERD

NUOZZLE 11

Wwe IGHT = 568.95 LENGTH= 48.239 TR Wl=

FEBREESRXERE K
* »
* DUCT 4 =%
* *
T TIIITIIT S )
DucCT , 4
RH= 15.78 RT= 1T.69 LENG= b2.l6
AKEA= 1.401 RHO=.168
CAS WT INC wWT WTOT
15.5408 13,8556 29.3964

R R EERRFFRER

* *

*  SHAF 12 *

* *

EERERE KRR RED

SHAFT 12
DO DI LENG ON Wy
354 3.01 48.74 065 40,03

R EERE EEEE KRR

% *

¥ SHAF 13 =x

x *

XX RUFERERE KR

SHAFT 13
8]0) Ll LENG DN WT
4e35 3.94 18.0G0 1e27 14.33

R EERD RS REKRR

* *
* ACCS WT =
x *

EXEERERERR AR

ACCS WT= 30l.414

Figure 12 Cont.
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WEIGHT INPUT DATA IN ENGL UNITS
WEIGHT OUTPUT DATA  IN ENGL UNITS

COMP ~ WT
NO EST
1 Ue
2 113z.
3 Oe
4 32.
5 ol78.
6 27%5.
7 139.
8 516.
3 O
10 484,
11 o206,
12 44,
13 l16.
TOTAL

BARE ENGINE WEIGHT= 391.

CoMpP
LEN

Oe.
29.
o.
62.
25.
18.
5.
13.
Oe
48 .
48 .
Oe
Co.

ACCU
LEN

O.
29 .
29
91.
54.
172.
1.
91.
91.
139.
187.

0.

O.

ESTIMATED TOTAL LENGTH=

UPSTREAM KADIUS

R1

O.
9.
0.
16.
9.
9.
10.
9.
4o
O.
O.
Ge
9.

187.

kKO RI RO
O. 0. 0.
20. 0. 0.
0. 0. O.
18. 0. O.
15. c:. C.
13. ©. O.
ile 0. O,
1. 0. O,
16. 16. 21.
240 Ca 0.
2ée (o G
20. 10. 11.
13. 0. O.
AC CE SSORIES=

ESTIMATED MAXIMUM RADIUS=

Fig. 12 Cont.
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DOWNSTREAM RADIUS

RI1

0.
13.
13.
16.
11.

9.
10.

9.

4o

0.

Ge

0.

O

301 4}

RO

0.
18,

16.
18.
l1l.
13.
13.
14,
21.
24.
22.

0.

0.

R1

0.
Oe
16.
O.
0.
Oe.
O.
O.
0.
O.
O.
O.
O.

24

RO

0.
0.
18.
0.
O.
o.
0.
O.
0.
O.
0.
0.
O.

NSTAGE

OCOOOONNOOOOWO



CivueelCLelCCOD WU W LD VO DLVB VO LLDLIDIDDLOLD LD DD OLDODDDOLD

AAAAA AAA)AAAAAAAAAAAALAAAAAAAAAAANNN

-

NNMNNNNNNNN NN NN SN NN NNNN NN NN NN NN

)
- )
C LLLLDL LOLLLLDLLL LL LD VLWLV DD LLDD LD DOHLVDDDDDD )
L ceecceceecceiece FPPPPPPPP T TTITTTITT )
v owolenollelce c CCCCLLLLULPPPPIPP TYTITIT - T [
<CC cCaccie PPPPPPP TTTTTTITTITTT )
)
)
)
———— =/ —-L /N —— /L~ /=N /=L ==} /L~ /L ——=L /L ——L /== /L= /L= /L =
w
O

Figure 12, Cont.



oy

UPUATE L INPUT UATA TO KEFLECT CALLULATED 1nPUT

CuMPUNLENT

NO. Tyee VAT INPL
i INLET Oe¢3850D 03
o WJH4PREsR LelBULOL O
2 SeLlllien uve772000 OO
CEERVIVIVE S ) T
S LUMPRLLK Lea3ullu UL
[ZNVNTUN B VelUudOIL b
I TuKolik Jesvuuwob 01
d TURLINE  Jdecduduu vl
v MlAter V101730 03
Lo ouCl s Vebud =01
L Nullpt Qetetebou (3
ic ShAr | Ven00IIL Us
i SHak] VeoJdUGID L&
CASE [TULNTIFICATION
FLOA Wil oHT
STaliuN FLOW
STATP1
1 Vec3tb0D 03
< Ca.23c0ulb 03
“ 0.230500 03
Y verl34T50 04
v Qeisiedl 03
’ 3350540 Ol
5 Uel34050 03
Yy Geld7560 03
10 Jel37%u 03
li Gelu3?ou 03
le Velul3ll G3
13 G.264131D 03
1l Q2641310 03
P CelG3T5u 03
< uMPJUNENT
NGe  TYbe DATOUTY

s INLED Veb

¢ LUMPRLSK —Oalo9ill O
3 SPLETIeER 0.770000 WO
o

JUCt 3 O.v
S wJMPKESR =ue33v0v0 0>
6 DuCt B J.0
¢ TuRsline 0.33vo%0 0>
5 Turuinte Galevi20 OB
v MIAEK V.T0¢¢50 03

lo wull 3 Ul
Al NJZéiee Q.137050 U5
| SHarl 0.0
1> SHAF C.C
Ahuttz uee ALTIT k=
Alhrude tL3/500)
Nel IRnost

folat LauzT DRau
LatTatioco TRRUST

vA TINP .
J.0
Ceu
Lol
Oeu
velbLLUU~LL
Ce 0
Je 100VLY Wl
vl
Le03¥25U 53
Cev
(.10LC 00 C1
Le 100U0L 0l
[CEYVEVIVIVIVERVEY

SIMPLE MucEL

TUTAL
PRE SSURE
STATP¢
Celuwhvbu Jc
Ve13226u U2
Ge31dovu 02
0.3702bL 2
Casd58lu v
Je355310 C3
Ve 32C22u V3
(«B03f00L w2
Ge 30 Yy <
vedToeby J2
Ve 3T401u J¢
Ced5151u J2
0.35157u v¢
Ced7b28L L2

JATJUUI
[VIgY)
CowlllLu O
(. C
V.0
(enuluuu 04
Ge LUOICL 36
OetVUuun vé
CebOL LU G
0e639L50 03
ve 600LV0V =L
Ge 183790 ue
Ce 40000 Ua

UATINP3
O.1l4e0960 02
Oeér Ul C&
Cel
C.0
0.514550 04
c.cC
O.407230 00
ved8TT0 LU
JecuwODD U
0.0
Jet
2.1 %0uL 01
VeatwOuL 01

DATINP &
C.0
0.376100 04
C.0
€.C
Ce3707CU O
(. 265CCU Cé
C.380100 04
Ca380300 G4
C.0
0.0
C.0
(.10G300 01
0.10090) 91

JATINPS
0.0
0265900 03
[}

0.9

O.614180 02
Ce9alC0D OC
V.7T06450 GO
0.7263%D 0OC
J.0

0.93000CY 00
G 8u G0 0C
0.120000 Gl
0.130000 01

STATILN PRIPERTY JUTPUT DATA

10TAL
TEMPERA TURE

STATP3
Cebl8570 Cu
Oab1d67L 03
Se7¢0370 (3
Q.726870 03
Je L4350 04
Ce143560 C4
Jact5000 04
Jecrllou (u
Ceililol O«
O.T26870 03
Oeisl510 04
0.131570 Ca
Q131570 Oa
CaTebBT0 05

L:2TIUT3
Jau
Uab
Jev
Q.0
vel
0.0
0.1(00V0 01
€ aasO000 01
Calu3870 0L
0.0
0ec392ZD J1
04407 0uD 04

FUEL/AIR
RATID
STATP&

(.3

.0

C.0

0.0

0. C

[ ")

Cedlle250=01

Ge208080-01

€.2C8680-01

0.0

0.117%900-01

C.117%0u~01

Cell7900-01

0.C

REFERKED
FLOw
STATPS
C.2385CD G3
0.2649vu 03
Cel (9690 C3
0.6197Cu 02
0.90U183D0 01

Q0.0

0.139050 02
Ja4 62760 02
0.948C10 02
0.477170 02
G.151u10 03
0.160650 23
0.160650 03
Q77170 02

COMPONENT QUTPUT DATA

LATOUT &
C.10020u J1
C.1800CD O1
G.0
0.0
0.130000 01
0. 214250-01
Ce 400000 01
0.250000 Ol
C.191140 01
G.0
0.483930 033
C.407000 D4

CoeCC.Cu e Caef TCu Cao (L601C0L D&
[VIN AeCIVERYS 1 (00 o
cobeov LRSS THKLST
1343240l TSHE
L.C TUlalL ORAKL SHAFT WP
1375501 INSTALLEDL TSHS

JATOUTE
0.10000D C1
0.40000L O«
.0
2.0
U.51455D 04
G.0
0.467330 00
0.385770 0C
0.472740 G3
0.0
0.472830 03
0.0

0.2

LTVeRATIONS

137%3<,31

Cet343
(¢

(o736

Figure 12 Cont.

DATINPO
C.900000 0O
0.376200 04
C.0
6.0
0.370800 O«
Colb30CL €O
C.35020D 04
0.38040D 04
L.0
C.183000 05
G.1G6CC0u 01
C.1CCCCD (1
0.1C0000 01

MACrH
NUMB ER
STATPO

[
)
<O

«CC(D CC

Q0dub J1
17290 C1
27340 S0

OCOoOCOOoONOO0OO0OCO0

¢ 6 e 4 0 8 0 4 e e

_———_00NOCOQOO0OO00

DATOUTe
G.C
0.104600D 01
c.C
0.2
0.985000 00
0.1C1230 05
C.568000 04
0.524400 04
G.167730 C3
0.0
G.100000 01
0.0

C.0

: PASSLL

FUutL rLlw

VAT INP?
0.C
v.101130 01
Vel ’
c.0
0.909090 00
C.U
C.967270 0%
3.940120 00
0.0
¢.C
Q9.0
C.10000D (1
G.12000D0 01

STATIC
PRES SURE
STATP?

[N NAN VNN ol Nel
.
SOV OoCCN

.
[X

C.374C1lL C2
0.0
c.0
C.18780D0 02
0.146960 02
C.374010 02

QATOUT?
C.900000 00
C.265900 03
C¢.0
0.C
C.61418D0 02
[}
0.70645D0 00
0.726320 O
Ca0
0.2
0.9820000 00
9.0

vew

{Lis/HR)

NET TrhkuST/A IKFLIW
SUAITTAIL uRal
SPILLAGE + LIP NDRAG

UVATINPS
c.C
0376300 L&
G.C
C.v

«27090L O«
(<1 V]
0.yC264D CC
0.81558L 00
V.0
0.0
GaC
f.1CCOCD C1
4.10000C 01

FLOW ERROK
STATPY

DATIOUTE
0.1¢0000 C1
0.87000L Q0
c.0
.G
0.670000L CO
0.940000 CO
G.860G0D 00
0.860000 GO
Ge9499C0-106
0.0
0.187210 O1
0.0

Cov

Wlco. el
STa vt
vl

[SPS

VAT INPY
0.0
C.99222D €O
0.0
0.0
0.1324060 C1
G.0
0.1CC00L C1
0.10000u 01
G.u
0.0
0.1C0C0D 01
¢.100C0C0 C)
C.100000 01

INTERFACE CURRECTED

DATOUT9
0.C
0.28600C 01
0.0
0.0
0.94060C 01
0265000 04
0.37073D0 01
0.022340 01
C 100000 01
0.C
0.23923D 01
0.C

v o0
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6.0 PROGRAM DIAGNOSTICS

The WATE-1 program contains error printout to aid the user in trouble shooting an input deck. A
listing of the error messages and their meanings are shown in Table 5. None of these errors will
cause termination of the program. The component routine in which the error occurred will be
terminated and the program will continue its calculations. The components calculated after an

error may or may not be in error.

Table 5. Error Messages

1. "Compressor, I, pfeséure ratio is too high" - more than 20
compressor stages calculated. First stage maximum pressure

ratio too small.

2. “Compressor, 1. stage and blade parameters, meaningless" -
stage inlet Mach number less than or equal to zero, or hub

radius of compressor equals zero.

3. "Duct is not converging - error only called for rotating
splitter fan component. Inlet or exit Mach numbers of fan

may be input incorrectly.

4. "Error in shaft" - iteration for shaft diameter not converging.

Check shaft inputs.

5. "Turbine, I, work or radius too high, RC = , X.XX" - more
than 9 turbine stages calculated - turbine loading parameter

too small or control radius improperly input.

6. "Turbine, I, stage and blade parameters meaningless" - Mach

number or hub radius less than or equal to zero.
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