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a Half size of the vortex segment

c‘ Thickness of the ghect element

ez Cora radiug of the segmeat alcmeat

L Bound circulation distribution

mn?

¢ Azfruthal position of vortices starting at the blade (¢ = 0)

n Dimsnsionless spanswise position along the blada (r/R)

a Solidity of rotor

% Paramater for the distribution of vorticity between the tip and

tha rost cutboard shaat vortex: the rocot and tha most inboard
sheet vortex.
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ABSTRACT

In the free wake analysis of a rotor, velocities are computed everywhera
in the wake and integrated to determine the wake displaccment. Newly de=-
veloped techniques of free wake'analyuis of a hovering rotor are prescnted.
Tgeee techniques are designed to predict better wake structures and, thus,
blade circulacién distributions. Previous analyses have beea
modified to include the roll up process according to the Betz criteria.

The near wake is modelled in four different ways, resulting in four different
vortex sheet models. The results show that the azimuthal location of the

starting point of the roll up process {s important. Tho computational re-

sults are ccapared to the most recent available experimental data.
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1. INTRODUCTION

There exists a need for an efficient computational or analytical tool
for designing hoverihg-helicopter rotors, ags well as predicting the aero-
dynemice of these rotors. The need for a free wake model i3 well recognized
(raferences 1, 2, 4 and 5). In refe;cnce 1, the wake {s modelled by a
finite number of discrete vortex filaments; by.c&ntrasc,.the model in
reference 2 assumes a continuous vortex gheet.

The model in reference 2 and its associated computer code was originally
developed to qnalyze the £low through a wind turbine. lMore tecently, this
wodel and the resulting modified computer codes have been applicd to the
study and understanding of rotor hovering aerodynamics (3). The werking air
15 assumed to be inviscid and incompressible. Each rotor blade is represented
by a liftiﬁg line on which the bound vorticity is assumed to conceatrate.
However, the effect of “spilling" of air around the blade tip (ecip loss) has
been neglected.

The entire spiral wake system is diﬁided jnto 3 sections. These are:
(1) the near wake, (II) the intcrmediate wake, (III) the far wake, as sﬁowu
in figure A-l. All the wakes contain vortex gheets, tip and root vortices.
The near wake usually extends from the blade to an azimuth ?osition which is
a parameter of the model, but is usually around 90 degreecs. There i3 a para-
nmeter K which determines the distribution of vorticity at the most ocutboard
station between the sheet and tip vortex, and also at.che most intoard sheet
and the root vortex. The mesh size of vortex sheets in the near wake depends
on the spacing of the blade stations (or nodes). These stations further sub-

divide the blade into sections. A second set of points on the blade, called
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centers, is definad at thd niddle of each section. Tha intormadiata wake has‘
a coargsar cesh siza and extends to tha s:aft of the far wvaks. Thercfore, cn
overlapping ragion callaed the transition waks, between tho near and intaore
madiate wake, is necessary. Tha far waka is nsdelled by censtant radil
vortex cylinders in which the radii era dctermined by the final spenswise
spacing of the intermediate mesh. The vertical position of thisz vortex .
eyiinder {3 located at ona vortex spacing below the last intermodiata

waka vortex. All the induced velocitics ara cocputed by integration of the
eppropriate form of tha Biot- Savart Law., The far vaka contzributions to

the inducad velocities in the near and intermediate wokes are obtained

by series solutfon techniques. Solf induced effects are included by the

wathod daseribed in Appendix I,

The induced velocities carnot be cemputed at the pointa (nedes) which

dafine the alezencs, such as the two end points of a segnent element ot the
four cormer pointa of a sgheat element.. This is ighercac in the use of
discrate vortex gheet elemcats of finite size e3 described above. Thus, new
pocitions on tha wake, called centers, need to be defined. At these points
the 1nduccq valocities in tha waka are cslculated. Finally, the velocity
involved at a node 13 obtained by lincar interpolaticn of in&uced velocities
on tha four ceaters around the noda.

The ccmputatiﬁnnl preeedure kas to be an iterative one, as tha deter-
mination of the induced velocity requires tha knouledga-of the location of '
vorticity, which i3 not known & priori. Consequently, tho results of the
semi-rigid wvake have been used to initiate tha calculation in tha free wake
analysiz. The basic assumption of the semi-rigid wake ig that the velocity
of a vortex element is constant with respect to time and equal to the velocity

:hrough that point in the rotational plane on which it originated. Another
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approximzciob.ia.ma?p by assuming the angle of inclination of the vortex element
is constant with respect to tize,

Some difficplcics are cacountered in the use of this vortex sheet model;
for instance, the edge aingulgtities do not cancel between cheets, because
of their relative diégidgéﬁéngg'ég the wake distorts., In eddiciﬁn. as the
intermediate wake goes beyond 280‘deérees, cbe nodel may not give a con-
vergent solution, due to the modelling of the roll up process. Finally, there
is a problém with the root vortex which will be further elucidated in the
next scction. Thug there is a need for an improvement in the free wake model
to study the development of powered rotor aerodynamics.

The results from these two models in references 1 and 2 compare favora=-
bly with the available exparimental data; howevér, the computational tech-
niques uged are time consuming and may, on occasion, not give a convergent
golution for reasons indicated atove.

Howcvcr, the simpler madel proposed in referencs 6 requ-rcs oaly the
decetninacion of induced velccity at the blades, which are represented by
lifeing lines, and at the infinite vortex lines located below the blade.

It gives results which compared well with the available test data and also
yields useful insight into the zerodynamics of rotating wings.

In this modified model, it is assumed that a roll up of vortex sheets
into isolated vortex filaments occurs in the intermediate wake. ABecausé
these rolled up vortices.are discrete vortex filaments, the presence of a
transition wake is not necessary. A tip loss of .985 as used in reference 8
has been agssumed. A more efficient technique involving the use of elliptical
integrals for the induced velocity computations due to the vortex c¢ylinder
has been adopted. This technique is described in (6). Th; azizuthal posi-

tion at which the vortices roll up has been retained as a parameter than can
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be varied. Tho near vaka 1s modislled n four different ways, rasulting in

four different vortex shest modols which wvill ba described in-detail ia the

next saction.
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II. MODELLING OF THE WAKES AND DISCUSSION OF RESULTS

Susmary of Free Wake Models

KODEL 1 Esgentizlly the seme as ref. 2, in which the near and
intermediate wekes are represented by a segmented vortex shest
connecting a tip and root vortex. The far weke is reprecented by

vortex cylinders as in ref. 6.

MODEL 2 The near wake is treated as in Model 1 until an azicuth

of ¢ = 255°, after which it 45 'rolled up into three vortex filsments

as in rof. 6. The location of these filcments at ¢ = 255° i3 deterzined

as if the filoments had rolled up immediately at ¢ = 0.

MODEL 3 Szme as Model 2, except that the near wazke i3 rolled up

baforé first encounter, at ¢ = 45°, and 1s assumed to rcmain in the

rotor plene until roll up. Tha geometry of the rolled up vortices I
at ¢ = 45° {5 deterzined as in Model 2. This avoids the lengthy
conputations required to establish the geonmetry of tha vortex sheets

and hence is computationally much move efficient than HModel 2.

MODEL 4 Sgme as Hodel 3, except that the full vortex sheet wmodel,

including tip and root vortices, 1is used to establish tha geometry of

the vortex £ilaments at roll up.

Firat Vortex Sheet Hodel

This model is the original formulation of ref. 2, as explained above and
in the Introduction. A conmplete description is contained in the appendix

and in ref. 2. The following paragraphs will discuzs the exploratory results
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obtained by varying a wide range of parcmaters, such as viscous core siza,
digtribution of vorticicy at tha most cutbcard staticn batwaen the vortex
sheat and tﬁc tip vortex and the effoctos of tho root vertex. The cozputed
vaka geomatry and tha rotor thrust ccefficicata ara cemparad with the expari- .
nantal data of referenca 4. A brief susmary of resulta can bs explained as
follows:

1) Ho inmportant offccts ara cawmsed by incressing the cora depth of
the vortest gheats, but tha coafficieat of thrust (CI) i3 inercased and tha

vortical locatien of the tip vortox (ZT)'is decressed by enlarging tha core

radius of tha vortex filaments. (Sea Figurae 2.)

2) Supprezsing tha strength of the root vortex to zerc incresses
tha contraction of :ha-cip vortes. Z.r is alco inczeesed, but CT is
decrozsed - all slightly. (Ses Figure 3.) In general, the root vorécx has
negligible offects on tha golution, as was also éhoun in ref. 6,

3) Figure 3 shous the Bffect of incraasing the acziruth of tha inter-
maedizta weke from 260 to 360 degraes. lota that tha ZT location for tha 360
daegree case starts to diverge from the experimental goluticn. Howaver, at
260 degrees azinuth, the 360 dagree case shows better agrecment uith‘the
prarinsntal data. .

Further atudy hzs been nads to extend tha intermediate wake beyond
360 degreas, but converged results could not be obtained. One of the
raasons was the migration of the rcot vortex up éhrough the rotor. As tha
gpacing of the conatznt radius vortax cyiindor approéchcs #ero. the induced
velocity spproaches infinity, causing convergence problems even though tha

vertical velocity and eirculztion near tha root approzch zero. As discussed

above, when the strength of the root vortex is suppressed to zero, no
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important effccta cither in ZT’ CT’ or convcrged solution are obtained and
convergence is improvcd. ‘ ) .
Another effect causing lack of convergence was probably due to the
roll up of the tip vortex predicted by the sheet modelling of the intermediste
wake. Docreasing the mesh gize of the intermedizte walke could improve the
modelling of the roll up procces, Since a finer mesh size of the wake would
result in excessive computaticnal time, and since the parallel study of
reference 6 has indicated satisfactory resuits with a fast roll up vhile
avoiding the convergence problgzs, the frea wakea program was modified to
inélude the réll up of the intermcdiate wake, according to the Betz criteria
explained in detail in reference 6. This led to éhe second vortex sheet

rodel discussed next.

Second Vortex Sheecr Model

In this model, the near and the far wakes are again represeated as
described in reference 2. The near wake is extended to 255 degree azimuth.
The roll up of the sheet vortices is assumed to take place at the intermediate
wake, The roll up schedule 23 discussed in reference 5 has been adopted.
Because these rolled up vortices are isolated vortex filaments, the exiatence
of a transitiﬁn wake is not necessary. These rolled up Yprticen adjoin the
near wake and extend to 720 deprees.

In this modified model there are three rolled up vortices. They are

the tip, center and root vortices. It is logical to roll wp the vorticity

from near the tip (allowing for a tip loss) to the peak of eirculation to

produce the tip vortex. Then, the center vortex is obtained by rolling up the

M
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vorticity from the peak circulation to about 802 span where dI'/dn is minimum.
The root vortex contains the vortici:y}fx:om about 802 spzn to the last
station of the blade and is kept for this case of three vortex filaments.

The determination of the induced velocity due to the pfesence of these
vortices requires the knowledge of their positions, especially the starting
positions, iIn the intermediate wake region. However, their starting positions
are not kuown a priori; comsequently a procedure has to be devt .ped to com=-
pute them. UWe have noted in the above that tha vortex sheet asscciated with
a particular segmeat of bound vorticity (thore are three such segments) on
the blade is subdivided into several vortex sheet elements of finite size for
computational purposec. The centroid of tha rolled up vertices are computed
" at each ¢, according to the Betz roll up criteria starting from ¢ = 0,
and the velocity computed at these peintsg due to the entire wazke, consistiag
.gf the bound circulation, the vortex filzmeats including self induced effects,

the rolled up intermediate wake vortices and the vortex c}linders representing

the far wake. It must be emphasized that in the calculation of the induced
velocity on the blades, the near wake region is taken to be 4 continuocus
vortex sheet rather than a few vortex f:laﬁen:s as described above.

The computational results are shown in figures 4, 5 and 5, compared to
the test data of reference 8. Figure 4 shows the effect ¢f the paraweter K
“on the bound circulation and location of the tip vortex.- When K equals zero
the tip and root vortices have zero strength; thus the near wake is represented
only by vortex sheet elements. However, whlen K equals 1, the strength of tip

vortex is the same as the amcunt of circulation at the last center of the

blade, whereas the strength of the root vortex i3 equal to the value of the
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bound circulatfon at the first center of the blade and the most outboard
and inboard vortex sheets have zero velocity. K equal to .5 mcans that the
distribution of vorticity iz divided equally between the tip vortex ond

the most outboard vortex shest, and the root vortex and the most inboard
vortex sheat. Note that the vortex locations chown at tha first encountsr
with the blade are those of the rolled up vortices although, in computing

blade loads, the full vortex shect systeam is ugsed since roll up does not

occur until 255°¢,

Figure S deocribéa tha behavior of the roll up process. Tﬁa result
shoun is for K equal to 1. The interaction of the tip vortex with the nost
outboard sheet vortices are studied for the €first 50 degree azimuth. The
most outboard shect vortices and the intecrmediate wake tip rolled up vortices
induce upward and inwerd velocity components on ths tip vortewx, reculting in
its migretion up through the rotor. In turn, the tip vortex affects the
gheet vortices in the opposite manner. Beczuse of the upward displacement
of the tip vortex in the starting region of the near waka, its vertical lo-
catfon at the first blade/vortex encounter is slightly above the test value,
Therefore, the velocity inducad at the blade (80% span), especially tha
vertical cozponeat (down wash), ylelds lower bound eirculatioa than the pre-
dicted value. This roll up behavior causes slow convergence of tha computar
program. Furthermore, because of the coarse grid size neceded to keep
computational times manageable, the roll up procedura ia probably only an
approximate model of the actual roll up. Thias point i3 discussed further in
reference 1ll.

The results shown ere in a rezsonable agreement with the test data.
From the discussion above, this model suggests that the roll up of the sheeat

vortices should have been assumed earlier than 255 degree azimuth as indicated
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by figura 6, vhore the noar vake is oxtended caly to 40 degree aziouth,
rogulting in & bstier agreezsat batween tha exparimental end computed circu-

laticn diotribution. This concluzion lezds to tha third vortex cheat modsl,

Third Vortax Sheat ltindel ’ .

The near vako representction of tha cecond vortex shact modsl is
rodified to redﬁcc the computational tize. Tha near wake is extended only
to 40 degrees. Bacause of its negligibla distortion over thie distance
the vartical dicplacezments of tha vortices in this wake arc assumad to
ba zero. This {oplies that the near wake is positioned cn the rotational
plane of tha rotor. The results of tha semi-rigid wake have baen used
to deteraine tha spansuige positions of thooa vertices. Tharcfora, the
dateroinaticn of induced velocities at this necar wake i3z not necassary.
Tha starting locations of the intermsdiata wake rolled up vertices ara
treated in the ezma manner as in the sccond vortex shect zodsl, It
nust ba emphasized that tha continucus vortex shest represeavuticn of
tha near waka i3 nov used only to determine tha induced velocity at tha
:btor bleds from which it gpringe. -

The results usiag this model are shown in figures 7, 8 and 9. The
nuzber of rolled up vortices ia three and the K parzmater is equal to 1.
Figures 7 and § corpara the results for a two bladad and a four bladed rotor ‘ .
with the experirental data of rafercnca 4., Lack of test date on tha blade
circulation distribution and the wake geormatry for a four bladed rotor does
not enzble one to coxzpare results, excapt for the valuas of CTIQ and CQ/U.
As tha nunber of rotor blades incresgea, tha affecct of f£irat blade/vortex

intorsction becomes ore important. An improveacnt of tha blade representation

-
s ...J
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i3 ncceacery to ylald better rceults. Raforenca 7 shows the results using
lifcing surface theory, end thease indeacd ara better than the lifting line
aokution.to: a four bladed rotor.,

JtﬁchQ: rasult for a tvo bladed rotor is comparad with the test data
of rafarenca C in'Fiéute §. The pradicted value of pezk circulation {s
slightly low (—z;-n .0209). This 1a.caueed by the ralstive vartical
location predi?%cd for thae rolled up tip vortex at itas firat aencounter with
tha blade cozpared to test data.b Thug, an improvezant of this vortex sheet

rodel 1s neceaaaty to predict tha tip vortex locaticn rore accurataly,

loading to tha fourth model.

Fourth Vortex Sheat Model

In this model thae displacement. of tha rolled up vortices at tina of
roll up i3 datornined, as in tha previous modalg, by computing tha velocitics
at the location of a hypothetical vortex filament assumed to roll up starting
at ¢ = 0 {n the near wvake. Howevar, in the two previous rodels, the effect
of tha tip vortex in the neer wake on the tip roll up i3 essentizlly neglected.
This i3 because the induced velocities on the rolied up vortex lines due to
the continuous vortex shoet in the mear weka has been axcluded in determining
. their geonetry, and tho induced effect of tha vortex filemcncs on each
other and thenselves used instead. In this modified model the full vortex
shaet, including tip and root vortices, is used and not the vortex filoment.
It is also assumed that the vertical poaition of the continuous vortex
sheet representation of the near wake {3 equal to the vertical position of
the tip vortex line. Consequently, this vortex shect induces only vertical

velocity on the vortex linea. The spansuise position~s of the near wake

Lt R L T N N
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vorticas are assumed to be constant tadii vortex £1lancnts and shaots, of
which the radil are the strecm lines oviginating from the blada. Tharefora,
the datorainaticn of tha induced valccitiss i{n tha aear wske 1s not
pegessary, oxcopt at tha vortex filzoents. Tha vortex corc size becemas
critical bacausae of tha closo opecnewise positions betwaen tha tip vortex
end tha tip vortex lina. The computational results of this rodel are
ghown in figures 10 to 16. .
In figure 10, tha nunber of rolled up vorticce {a four. Tha roll up
gchadula {8 a3 follcus: fron ché peck of circulation to tha near tip tcg{on.
tha vorticity is rolled up into tha tip vortex; frca tha pesk of circulation
to 79% span, tha roll up process yialds the firat centar vortex; then frem
tha 70X to tha 352 span, the roll vp producas the sacond center vortex; finslly,
from 352 span to the laac ceater of tha blade, the vorticity is rolled up
into tha root wortex. Tha strangth of the root vortex has been cupprassed,
for this casa cnly, to zero in order to avoid tha ccnvergencae problea noted
above. TFig. 10 shows that tha effect of varying the azimuthsl siza of the
néar wake i{ndicates that this is not z highly sensitive paraceter.
Figura 1l ghows tha effact of different roll up schedules for the
center rolled up vortices only. Tha dashed curve has the new roll up schedule
as follous: the firat center vortex rolls up the vorticity from the peak of ‘
circulstion to the 82,.5% span; the second center vortex containsz the vorticity
fron 82.5% to 35% spzn; the root and tip.roll up vor:iécs have the sazme
roll up schedule as described above.
Figures 12 to 13 cocparae the results with test data of referznce 4. The
nev toll up schadule (above) 1is used. Finally, figura 16 shows the effect
of varying the number of rolled up vortices from four to &he original thres
used in previous models and of varying the slopa of tha lift curve from

2t to 6.15.
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Surmary of Free Make Analysis

The free wake andlysis may be suzmmarized as follows:

1) The rotor blade is treated cs a lifting line.

2) Thé £fluid i3 assunmed to be inviscid and incompressible. A
vortex corc is used to avoid tha singula;iciea., -

3) The wake is d{vided into threa scctionﬁ. a near waske attached to
the blade, azn intermediate wake, &nd a far wake.

4) Depending on the representation of the near wake, different vortex
sheet models can be proposed.

S) Except in tha f£i{rst vortex sheet model, the Intermediate wake 43
assumed to have rolled up. In the second vortex sheet model, the vortex
sheets are rolled up after the first blade/vortex interaction. In the third
and fourth sheet models, the roll up process takes place before the first
blade encounter. The roll up procesé 15 based on Betz theory of conservation of
mor.entum. |

6) A peak bound circulation i{s expected near the tip due to the
close encounter between the blade and the tip vortex from the precesding
blade and this determines the strength of tﬁe tip vortex.

7) The iotermediate vake 1s rolled up into either three or four vortex
filaments. The roll up schodule is explained {n gection 4. The root vortex
contribution to the ciiculatioﬁ distribution czn be neglected as shoun in
reference 6. | .

€) The far wake i3 represented by seni-infinite vortex cylinders,
starting at a vertical distance from.thc rotor one vortex spacing below>the
last intermediate wake vortex. The induced velocities from these vortex

cylinders arc obtained from the solutions in ref. 6,
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9) Tha'3ldpe 11fa curve used is 27 and the convergeace critaria {is
3% for circulation and 62 for waka geometry. A tip loss of .985 i3 usad.
10) The interncdiate wake i3 cxtended to 720° for a two bladed rotor
eod 360° for a four bladed rotor.

e e




A bnan i - kS ek o 12 e M KL b0t S B
ot 1R e A ks RS A d Aottt S s 5

15

Unitvne Pl 3

07 PEOR QUALITY

e

L owe
.
[ T

III. CONCLUSIONS.AND RECOMMENDATIONS

This report presents newly devaloped analytical technfques of.free
wake analysis in a hovering rotor. Results are shown for the locetiona of
tha tip vortex and the bound circulation distributicn.

These results indicata the zencicivi;y of tha blada loading diotri-
bution to the location of the tip vortex at the first encountar. Investi-
gation of differsnt vortex sheot models led to two important conclusions.
These are:

(I) the roll up of the vortex sheet has to be included;

(II) the knowledge of the starting point of this roll up process
is important.
These have been studied and yicld different wake geometrics (especially
the tip vortex location at first encounter) for various vortex shect models.

These methods have demonstrated the ability te predict vortex wake

geometry and performance of a two zad four bladed rotor satisfactorily.
' Recommendations for further investigations include:

1) Dztermine tha starting point of the roll up process.

2) Develop more efficient computational techniques.

3) Use a lifting surface represontation of the rotor blade.

4) Obtain experimental data on wake geometry and on blade circulation

distribution for four or more bladed rotors.




YT!J&;, ¥ ‘;’\:'(, ':..’, ”
e oRIGHIAL PAGE S

Raforences ~ OF POOR QUALITY

1.  Seully, M., "Computaticn of Helicoptar Rotor Wake Cecometry ond Its
Influcncae on Rotor HarronielAlrloads,"” HMIT ASIL TR 173-1, March 197S.

2. Gohard, J.D., "Froca Uaka énalysia of Wind Turdina Acrecdynanics,"

MIT ASRL TR 184-14, Scptembdar 1978,

3. Chung, S.Y., and . Brouver, Privete ccmzunication.

4,  lendgrebe, AJJ., AN Analyticzn and Exparimencal Invsstigation of
Belicopter Rotor Hover Performance and Wake Caonetry Characteristics,"”
USAAMADL TR71-24, Juna 1971,

3. Eecurck, J.D., L.F. Barkswitz and P.D. Horris, "Hover Parformance
Yathodology at Bell Textroa," ARS Proprint 80-3, Moz 1980.

6. Miller, R.H., "Simplified Fraea Wake Anslysis for Rotrzs," FFA (Sueden)
Tit 1932-7; algo MIT ASRL TR 194-3.

7. Miller, R.H., "Application of Fast Frea Wake Analysis Techniques to
Potors," 8th European Rotorcreft Forum, paper No. 2.%, August 31 through
Scptembar 3, 1982,

‘8. Johnson, W., "Cozparison of Calculated and Measured Fadel Rotor loading
and Wake Geomatry,” HNASA TM 081189.

9. Llecb, H., HYDRODYNAMICS, 6th Edicion, Dover, 1932, p. 241.

10. Miller, R.H., "Fres Wake Techniques for Rotor Aerodyrzaic Analysis,
Voluma I: Summary of Regults and Background Theory,"
11. Browar, M., "Free Wake Techniques for Rotor Aecrodyncric Analysis,

Volums III: Vortex Filament Mcdels,"

e B an e

[P

e 44 e . P



U SNSRI T IS RIS PR R IR A s Tty TRE B BECIEULNICHE- 2 3 Je I P Rl o g6 2R S .—'"f.',:'—-.l»-l—'—,-r-&—". SrMA AT IY LT
[SR N
. - 1 -~ .
- t
.

B)

Figure A-1l.

i tS
ORIGINAL Firis= 2
OF POOR QUALTY

intermediate
wake

-
—
—
—
~—
- -—
- —
-y o
o~
—
~ S
R S
- -
L * —

A) Plan view, B) side view

near wake

tip vortex

near and intermediate wake
of a 2~bladed rotor for

7200

far wvake represented by

vortex cylinders

o U

ri bt e




. - - - D T T R D i T gD Ot R il B et i Do hise
pat o PSR PR o) Am

. 18 .
. act 13
RIGWAL Prive
gp pOOR QUAL

PN .
o SORS geiaey
LR PSS N ]

YT:J/N":;I Ny

e el e s e S

Y 2
Yo

7i3. 13 Lffect of veryieg core size of cip vortex, €. Ontwisted blzde.
-——E2 - .05 Cr - 0327 .
-——ez e 0} cr - .OQZSS .
———paf. & Test Cp = .C023 )

1.0 w80 120 160 200 )




Q6

-

&5
OF POOR QUALITY

19

40 so 120 160 200 240 28o

Fig. 2: Effect of naglecting effect of root vortez. Twisted blade. ‘

~——— Root vortex strength ¢ G C.r = ,00281
' Root vortex strength = 0 C; = .00275
==~ Ref. & test t:.r » ,0028

I




[ atmteaete S PR AN,
. T

20

o

ooc ) orc cyz ove

3

(<14

-y ) /
.lll ' o / .
SO B N .
- s . N
’ - -.1\ /
3 5 | .
T T
E ] . ~
RS By oot =%y gen— — : / S
' - t57c9* = % oo —— ~ ~a
i sszcoc = 4 oot =~
*opelq peisjasy
" 9

*8%38 U] 30 31018 30) yincjse Sujhiwa jo 33033

96°

6’

2l

12
£9-

vo°’

B onac m'"!




21

Pl omemAL PAgE s
' GF POGR QUALITY

Lty Wy

i
020
_T_
2
QR? g0
)
o.10f -
. L A -
0-20 0‘9
2. 030 -
Ryang A
R 0.40 P ox h
G
o.5¢h 4 1
- . 8
o6k .08 -
0.70

1 1 1 1 [ 1 t 1 1
C.10 G20 QJ0 Q40 030 080 C20 082 080 OO

Fig. 4: Effect of the parasaetar K

& ~—=— Fe=0 Cp = 0.00452
X—-— K=.5 G = 0.00464 O experimental G = 0.046p
@3 — K=} CT = 0.00448

€ =005, ¢ =o0.01
t 2

T R A B A ey T e T s el St R e e s i wj
‘



[

10

.60

«70

R NI PT Iy PRt

FARNEN TS B IO R AW

YT 6000 80N

.o

“ o

PP

e R

.70 'EO

Tig. S: Dahavior of vortices maar

8 emem vortex sc n = .938
O — vorgex at n = .98
X e vortex at N = .93

G == test vortax at n = ,98%

D P L T S P IR AL

the tip of tha blade sksZing scare of roll up

B i B A e N e SR e i ,n-a.:-mj




B[

' s
‘e . .« .
<. Ay ) gniamnt PACE IS
o OF FODR QUALITY
)
02f
0l0f
v
0.0} ’
0020 i -] v §
0.0 ]
v
C.ACH ° b
c5¢t v 1
cecr ° N
070

1 1 1 ! 1 1 i 1 5
€10 €20 QIO G499 C30 00 CaC 080 C20 (OC

F4g. 6: Coumparitcn of exparimental and thaoretical bound circulatioa
discridution dod gecmatry. MNear vave extends Co «0° azizuch
ard ;{ntegrated.

Cp = 0.00438, O ctest Cp = 0.0046, Q conputed geomatry

C' - 0.05 , c' = 0.01

23

s ot

»
i ;../

PEPY.S N

[ SN



R BIN S Tty
i e ——E

24

15

-

P

LT T T B

. ‘:,.

A

02L nnwm 025 03¢ 002
T 1 4 ) v X 3 2 4 ' o.-
-1 6G*
- o6
= — =
-— —
) — 1%
mm G e Sum——
x> o 03
4
%0
58
& u.
(o o
XS
T rr
5 25200°0 « T po1ecIy —aeee
[0d r
o 82000 » ¥ 3903 y g —
. o
Y *£33exc28 xajs0a 413
‘.m M 19230302y pum jejusejiodes go mocojasémy g 81y
3
- =
WV >

1
(g
.

T
.

—_— N N
*® & ®



CTIa

Thrust Coefficient/Solidicy,

M S it ol et o R Gl SN r‘%-a‘f;-.Y?rT

o l+]

eXo]<)

002

[
-

25 X
~ .'.', . g
‘ CRIGHERL Pie -
oF FCOR QUALITY
\ Y
L ] "
3
f&:‘;{ seuorr | 28,55 |eowureo
c €023 H ey
a 000
]
L : ]
i
P
i
— . . . |-
dcmee .
0 0002 0.006 0.0:0 P
1
Fig. 8: Torque coefficlent/solidity, CQIQ
4
!
!
i

b



, Vs
' ﬂ‘G\“N' P?&:ﬁ«
. PR . OOF\ ?0 R Q s

YYiini oy o,
vy g,

i
LQr
L
QR? giof
a®
c.1or . N
3 ") -
Q.20 o
2 0.30 s
R 0040" -y -
o -
a.s5¢r
060} ° -
Q?O 2 1 1 3 1 1 1 [] §
CI0 Qé0 QIO Q40 C80 060 Q70 060 CHC w00
Fig. 91 Coxperieca of test end thesretical bouzd eircularfea distribution

and vake Peonatry. Neir waka extends o 409 arizuth and fixed
ca ths plane of rotastos. .

c‘- ® 0.00448
® cozputed grouatyy

© cest dats CT = Q,0046

9

USRI, J S G

hand



St S e A R T % G 8 8 ST sk mard o e el 0 3138 T I D N AT e L Y 2 e Tt S AT X T P LA RS AT e d S T VAT ST S W X v )
27 .
1 ta
' ae ORIGINAL PAGE IS |
" . ‘.-o ., C . OF POUR QUAL’W ‘
i
?
|
| |
Q01
L
2
RS o0
[ 3 : : = * v ' ' © '
8
c.iof ) | -

.20 P .y |

, 0.0 {i : |
I |
R C.QOP @ . 1
0.5¢C Q d
o6Ck , o ]
Q70 1 ] 1 ! [} 1 1 1 1
CH0 Q20 Q30 Q40 CH0 080 Q70 080 CHO LOU _
. i

Fig. 10: Effect of varying tha azfomthal sfize of nezr wvake in
the fourth vortex sheat vodel,

O ——— 40° C = 0.c0438
Y — 30° Cp = 0.0043)

experinental CT = 0.0046

s . e et et e o am e e n e ot ik et e m i ¢ cak s eane s e e am et L s ek ee et v e W i o oi b e s el



2|

S S LIl MTAS . SENAER A WO |
%
i
{
: !
28
.
' {
%
; |
0200 ;_
0lor
9 -
o.10f . .
Q.20 3
0.30f y
0.40} g -
o.scff v -
o6cr ° -
wo [ (8 1 1 [] 4 [ [ '
C.10 G20 Q30 Q40 Q50 QG0 070 060 GHO LCO
Pig. 111 Effect of diffstont roll up schadule of led middXe rolled up *
vorter a3 the tound circulacioa scd vaka gecmatry.
em—es  frca peak to 82.32 ct « 0.00459
——— from pesk to-71.35% Cp = 0.00453
V  cosputed gecmactry (close for both casas)
cxpcﬁmnul CT e 0.0046
E
|
;
OGO S SO U P UT Ny SP:




S IR YI

"’."4" ve o ,.'A
ORIGINAL PAGE S
OF FOOR QUALITY
[} ]
o o [, [
0
aiof H2
¥
s
3
S 005
5
3 L
S
oGzt
0.002 0.0Co 0.Ci0
Fig. 12:

Torque coefficienc/solidicy, CQ/a




31 U S
i -
* . '

:

3

i

; . ‘

i . S wrom o o O 0% 032 002 02 Ob
. T . . . . . )

{

H

i 28 —

¢ o - S —

: m.w.r.u. -

H -

: oo

| 2%

: 1o

t <l

; B4 1 - 4

; 00 2’

2 ) “ .-

3 < e )
i o9 &3 .

i = ) £8160°0 @ 1D ———e

n = e -

3 : . 52000 = % 200

w0 - (3 *

i . .

i Iy . o] 93%3 ‘Y mou

ﬂ b 1ca £33

‘s o jo zozca prre(y ead ¥ jo L1303zl =33

i ;.w 1E3133200) P9 eIwoT;IceED JO SOIERN) gg -Bpy

¢ o G-
i Y Yy

! v
i,

m N
3

¢ 2.
» .hN ,
i I
W 00
v

y

H

i

L

Ha }




B LY Gt Saata

mall»lc!l...:.!- R

S 03¢ 092 03l 00! o0
. T T T T =t t t
¥
; -
i
"
1 m m
[
*H
th
| 05 :
: e
: %ﬁp
i 3 .
| e ¥9560°0 = 35
: | cepuq paasiay °y 393 jo 30303
. pop21q-y ® Jo £13c=033 xejazoa 433 qudpiazosyr sy 814
; Pl
! Tl -
“ < i

i AR




T S T T T e T S e

w - Eamd bel
{
b) b .
m .
a v 0 6 v Ge <’ ’”
ot v,
.MwNW
o
[
X
.ﬂ..u i 1690
© ue
o X%
s
G2 :
- ; _
e v.0000 « B >
1 «J < m
o - -opIfq PISIAL  °y 2IVTID)R 30 30103 : .
A - PopeiC-9 & 3O ©OJINQIIIGIP OIFICIDIISD 1¢7 3 ;
dW . ¢~ ¢ ; rgy33eIp 09JI0[NI23 pencld 14T il U
: Jd
1510°
] 1




2 - e
- :'.""'.:: Aw.’..'liq. Ty,
: v'!.—‘f#)?d‘.'f“ i e
’ 22 1D
uriepl PRES 1
oF POOR QuaLItY
.."‘v ) ’
. s
T v 1 T T T =3 ¥ T
P Y .
020 [ Méﬁ i
| -] S ./’, '
- za»”y )
= o : \
T '
2 [
SIRY o1 \
]
]
!
[}
| )
. )
. v o
.10 [‘ .
0020 w
7. 030 1
R cso} g i
o.5CT , 9
e .
ceor .° -
0.70 2 ] 1 1 (] ] 1 1. 1
Q10 020 030 Q40 Q30 080 C70 080 CC0 LOO
Fig. 163 !!hc; of the slope 1ift curve
——— 2 G- 0.00471 o experimeatal C, = 0.0046
— 815 C.r = 0.00463 V computed geosstry (close for both ceses)
€ = 0.05, £ = 0,015 I
: 2 i

s W o =2 yaem Az 4 e 5 R f N W emoaesam s o e T g
ER R R4 TR0 P T AZ P A SR s st 3 5 e T T e sty

- R Tea)
e h e vt o e 2 B o ;d



e
Qﬂ]@“‘&‘- Prix
. oF POOR"QUALITY
APPENDIX I € E0AY 1y :
; COYTHAUD GO s .
Self-Elomant Induced Velocity Computaticn
* The Biot-Savart Law ghows that as ths point vhare the detarmination of .

induced velocity {s required spproaches its corrasponding line vortex, a

singularity is expeccted. Consequently, a special technique is developed to

calculate the vertical induced velocity at the tuo end points (or nodes) of

a curved vortex segment. A basic assuzption of thisg approach {3 to consi-
" dar the helical vortex filemeat as a vortex ring. From refcrence 6; the

vertical component of veloeity induced at n due to a ring of zadius r is

Y

a T Iz" z{r - n coz ¢) d¢ L
AT} 2 2 1/2 ’
(n® + £* =~ 2m cos @)

The limit of integration has been changed to a and 2(w - @) where the valze
of a 15 hulf the size of the vortex segrment. This will avoid the singula:i:y'
that occurs with ¢ equal to zero and r equal to n. The infegral inte£Val

'i3 the same as the siza of a vortex segmant. After iﬁcograting this

" equation numerically, the result is the sun of vertical induced velocity duc
to that portion of the ring from @ to 2(r = @) The self-induced velocity

i3 then obtained by subtracting the above result from the vortex ring

gsolution given in refercnce 8, which derives a self-induced velécity_on

the vortex ring oxpressed as

W, = o (2:1(81'/8) - 1/4) .
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where € 1s the core radius. A core radius of approximately €/r = .02

has been used as in reference 6, giving
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The computer code is wvritten in Fortran language. The program takes
stucen 10 zud 1S minutes to run on a Honeywell 68/dps for the third and
fourth vortex sheet models. Liatizng of the éubroucines and the main program
are found in Table 1. Table 2 defiAes tha variables in alphsbetical order
and the ocutput variables are listed in Table 3. A typicel solution s
shown in Table 4 and tha overzll flow chart is ziven in Table 5. An input
file 13 required to run the program and Table 6 gives a typiczl input data
file for the case in figure 9.

Kote that in the main program, the numbar of rolled up vertices and
the type of vortex shecet model pust be specified (the values of nrl2, nrll,
{rll, 1r12 and imodel are required). The roll up process is coded in
the subroutines locp22, loop0 and compa2. Tke convergent test iz 3% for -

the bound circulation and 6% for the wake geomatry.
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TABLE 1
CRIGINAL PAQE &
CF PCCR QUALITH

Main Propram (furain2)

The =ain progrea doesa't carry out any calculetion. It controls the

exacution of the program by celling the subroutines. It clco defines the

parameters such as what type of vortex sheet twedel and howv many rolled

up vortices are in the case.

List of Subroutines

input2:

geuri?:

conpa2:

inivwnd2:

COFN2:

This i3 concorned vith tha input of the cases and verifies
the input data. It also computes the conatants used by the

other subroutines.

The seni-rigid wake of rotor hovering aercdynamics is analyzed.

The results are used to initislize the free wake analysis.

The function is to modify the results of the semi-rigid wake

to include the initial roll up process.

Computes the coefficients which are required to determine
the strength of the vortex elements (due to unit circulation

distribution)

Computes the coordinates of the centers in the near and

internediate wakes using the coordinates of the nodes




loopQ:

loopl2:

loop22:

griGiNAL PAGE 1S 18
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(it heetmediate 2nd far wakae voztices

Computes tho induced velocicy at tha blade centars from the
continuouns vortex sheat in tha near waka, It also loops on

tha bound circulation and tests the convergence

Cemputes tha strength of tha vortex olements g&nd also controls

tha cozpucation of induced velocities everyvwhera in the vaka

loop on the nodes wvhere the induced velocities are computed.

Tha eutries are narmed as followa:

Entry vindbh2: .

Induced velocities on the blade are detormined.

Entry vindn2:

Induced velocities on tha near wake centers are determined

Eatry vindnl2:

Induced velocities on the near wake rolled up rodesa are

computed

Entry vindl2:

Induced velocities on the intermediata wake rolled up nodes

ara. detemined

Datermines the induces veloeity at the blddo centers dua o the
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indvels

prev:

wnofc2:

intgr2:

wnofe3:

intgre3:

g e

Kokl a1gteecd, Pact D

N oF oD GUALITY

Calculates the {anduced velocities due to 2 rectangular segment
or a gcmi-infinite cylinder element, depending on the value

" of "{t" variables. It has 2 entries: wxyz and coorxd.

Initialize the induced velocity everyvhere in the wake. The

_entry used is clv2.

Interpolates the induced velocities at the centers to the nodes
in the continuous near wake vortices. Computes the total
induced velocities at the anticipated rolled up near wake
vortices and at the rolled up intermediate wake vortices.

Also transforms the x,y,z components of velocities into the
radial, tangential end axial compouents. This subroutine is

not used for the 2nd vortex sheet model

Determination of the new vortex element geometry by integrating
the induced velocities along the stream lines. This subroutine

is not used for the 2nd vortex sheet model

Same as ia wnofc2, but with the addition of continuous near

wake vortices. (This is used for 2rnd vortex sheet model

only.)

Same as in intgr2, but with the addition of continuous near

wake vortices. (This is used for 2nd voftex sheet model only.)

"
PRPWIoY|

PP S

G



out2:

{nput daca:

[P S PURURE J55 ST ufyo-. SOS A SR AR M SN

: 40
€ s il ORIGINAL PAGE IS
MAuG wosa s OF ROOR QUALITY
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00000

i

NIRRT RDTIIDIISLDDDSINEN

ARARARAAIARLARANY v

] J ® s

# DPROGRAM FWCHAIN2 # creRL PACa ’!_3
% % CF FOOR QUALRY

RENARRANARRAAARNR

Y .

FREC-WAKE AMALYSIS OF ROTOR HOVERING AERODYMAMICS

12/1/80
SUBROUTIHES

IHPUT2 (PUNCH)

SEMRI2

COMPA2

INIVND2

COFN2

LooP22

VIND2 (VINDB2,VINDN2,VIHON12,VIHDI2,EXECH, INICH)
INDVEL (COORD,WXYZ)

LooP12

PRTV (PRTCEN,BRTNOD,PRTVD,CLV, PRTVN,PRTV!) .
INTGR2 -

WHOFC2 (1HIWN2).

WNOFC3 (I1HIWN3)

INTGR3

QUT2 (OUTINT2)

EARRARANAAARRAAANARNNAARARRARARRAARNARRR

%

L

cemnan/parm/iwr, ird, I traca, Ipsem,nmes, i trew, ftrell, ltrel2, i treg,
gitrent,itref,iplot,icgen,iplotv,itrtg,ivergr,itest,isaneb,isanat,
$lims,liml,)im2,niter,itrans,ipn, jpunch,iplotw,isw,lcont,iplotg,
tipr.iplott

cemmon/hparn/t fmu

common/geocm/nbldal,nblds,sigma, fmu,atan (25) ,knave ,otal () Jknive,
Sltwiat, thatad (25) . theta (25) . thetac (24} , that20, thet0d,alphas,
8cd0,cdk,dpsind,dpsin,dpsiid,dpsii,coeff,coeffl,c,s,blades,
¢tnanvr,nnva,nnvrl,nnval,nner,nnca,atanv{23) ,etanc (26) .
gnivr,niva,nivel,nival,nicr,nica,staiv(g) ,ctatc(?),
§ntva,ntval,ntca, fpsl, fps2,nril,nri2,irlil,iri2,imodal

common /farc/eta (i0) ywx (22,40) 4wy (22,40) ,w2 {22,40)

equivalence (navr,nncrl), (nivr,nicrt), (nnva,nncal)

equivaience (niva,nical), (nnvri,nncr2), (nivrl,nicr2)
namalist/nparm/iwe,ird,itrace, Ipsem,nmaes,itrew,itrell,
Sitrel2,itreg,itrent, itref,iplot,icgen,iplotv,itrtg,iverge,
titrans,ipn,jpunch,iplotw,isw,icont,iplotg,ipr.iplott,ifmu,
tlims, liml,lim2,isem

Rttt nni aa b in oo ittt

]
"
Nt

DEFAULT PARAMETERS

nrlin25
nria=27
frli=2
frl2ay

-~
=
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imodelm}
vt 11 10
ipreg v+« ©
itrace=0 ° ORIG
Ipscrmml
itrcll=0
ftrecl2=0
itrege=0
itrent=0
itrefa0
ftreg=0
fvergr=0
ftrens=0
Jpunch=0
feont=0
icgens0
rhas=0
i foy=0
iseme0
coef =),

DATA BY DEFAULT

(1]
* W

nbldsim2
Itwist=0
alphasel,
ccaffla.g
1imgas0
l1inle50
lim2el15

0
-]

INPUT OF THE GPTIONS
raad (5,npara)
if (isem.aq.l)write(iwr,55)
55 format (" SEAI-RIGID WAKE ABALYSIS QNLY FOR ALL CASES',//)
Jjecontsicont
limdslinl
ltrewsitrow
ltrel2oitrel2
lmos=nnes

1f(incdal.eq.2) write(6,1003)
if(imcdal.eq.3) writel(s, 1004) -
jf (izodel.eq.l) write(6,1005)
¢ %
1003 format (///." SECOND VORTEX SHEET MODEL “,///)
1004 format (///." THIRD VORTEX SHEET MODEL “,///)
1005 format (///," FOURTH VORTEX SHEET MODEL “,///)

c AARAARAAAXIAARRRRAIANRAIAARABAXAARAARARARAAAARALANARAAAILANRARLXAAL LAY
] X
¢ % L0OP OR THE CASES SUMMITED TO THE FROGRAM
¢ R eoccrccnccecnrccecacscan s rerascr e ecT s nn -
¢ ]
do 999 ncas=},100
e ®
¢ * INPUT OF THE DATA FOR THE CURRENT CASE,

¢ ® TERMINATION IF AN EKD OF FILE IS ENCOUNTERED ON (IRD)

[ORV S W)
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call input2{ncas)
limialimd
jtrewslitrew
itrci2=titrcl2
nmessimos :
o oRiGAL RACS 19
Jtaral ©. ot GF FOGR QUALITY
¢ if (jeoht.eq.1) Jter=niter+]

IHITIALISATIONS

A% 1f (isemieq.l) goto 17

® (HITIALIZATION FOR VIND2

1f(isamet.eq.0) c2!1l inivnd2

IHITIALISATICH FOR WNOFC
if(icamet.eq.0.and.imodal.eq.2) zall iniwn3
{f(isamet.eq.0.and.imcdal.ne.2) call iniwn2

if (jeont.ne.0) go to 10

% SENMI-RIGID WAKE ANALYSIS

R

continue
call semri2
if(isem.eq.l) goto 999
IF ITEST=1 CONVERGENCE IS HOT REACHED IN SEMRI,

® THE CASE 1S TERMINATED

®

if(itest.eq.1) goto 999

* DATA IHITIALISATION FROM THE SEMI-RIGIC WAKEZ ANALYSIS

®
]

call cempa2
call cofn2
if(itrace.eq.1) write(iwr,102)

format (“rsa MAIYN #R%t NODES GENERATED BY CCMPA"M)
if(itrace.eq.1) call prtned2

ceontinue
if(icont.na.3) goto 13
call compa2

call cofn2

continue

jecont=0

&  MAIN LooP

x
-

®

HAP OF THE FAR WAKE

ftest=}

do I nitersjter,lim2

% VELCCITIES INDUCED AT THE CENTERS AMD NODES

it

call loop22

% VELOCITIES AT THE NODES FROM THE VELOCITIES AT THE CENTERS AND TOTAL VELOCITY:

if(itrace.eq.l.and.itrc12.eq.0) write(iwr,106)
format (17 HAIN %2t VELOCITIES AT THE CENTERS")
if (itrace.eq.l.and.itrc12.eq.0) call prtv

if (imodel.eq.2) go to 1000

ey

-
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=

1000
¢ =
c
c
[ a
1601
¢ &®
¢ f

f
1002
[ &
e !
e ®
c *
107
e R
c ]
c &
c ®
'3 ]
1
(4 ]
e .
104
c f
c R
¢ R
c ®
2
105
70
3
999
[ A

enll wnofel
go to 1001
call wnofel

IHTEGRATICH (REW POSITIONS OF THE uonss)
eal ) !ntgﬂ,--:nu-

CYTHIRUY 5007 Th . . . .

HEW POSITIONS OF THE CENTERS : == 13
call cofn2 me““p\' g;%t@!
go to 1002 oR

PHTEGRATION (HEW POSITIONS OF THE HODES)
call intgr2

HEW OISTRIBUTION OF CIRCULATIOHN
call tleopl2

QUTPUT FOR CONTIHUATION
if (Jpunch.sq.1) call punch

INTERMEDIATE QUTPUT
it (icqgen.ga.l) call cutint?
1#{lcgon.eq.2) writa(ivwr,107)
forrat (1hl)
it (icgon.eq.2) call prtned2

M0 COHVERGEHCE 1M LOOPI, THE CASE 1S TERMIMATED
if(itast.eq.2) goto 999

CONVERGENCE
if(itest.eq.0) goto 2

continua

10 CCHVERGENCE FQR THE MAIN LOOP
writo (iwr,104) 11m2
format (Minvd HAIN #ans HO CONVERGENCE HITHINY,13," ITERATIQNSY)
call out2(l)
goto 3

QUTPUT OF THE FINAL RESULTS

continua

fout=2
write(iwr,105) nitor
format ("Minnd HAIN %Ad: FINAL RESULTS - CONVERG:D AFTER", 1L,
&' ITERATIONSY)

do 70 led=1,4
cdked.5%1ed
if{lcd.eq.4) iouts!
call out2(iout)
continue

continue

continue

stop
ond

......

e
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subroutine input2 (ncas)

RRERRARNARAZRARRBARAAR
% a
2 SUBROUTINE INPUTZ * -
x , . %
#  PROGRAH FWC *
* po v oL
ARARAAAANARARLRARNNARR

12/1/80

. s

ORiGlivee PRLS D
OF POCR QUALITY

INPUT OF THE DATA FOR THE CURRENT CASE.THEN COMPUTES
THE CONSTANTS USED BY MORE THAN ONE SUBROUTIHE
EXIT WHEN AN EHD OF FILE IS ENCOUNTERED ON (IRD)

ENTRY PUNCH: THE CURRENT DATA IS WRITTEN ON (IPN)

common/parm/iwr.Ird.!traca.lpscm.nmas.ltrcw.i:rcll.ttrclz.:trcg.
s¢itrent,itref,iplot,icgen, iplotv,itrtg,ivergr,itest,!sameb,iscret,
5lins,liml,1im2,niter, itrans, ipn, jpunch, iplotw, isw,icont,iplotg,
sipr,iplott

coxmon/hparn/ifmu .
cemmon/geom/nblésl.nblds.:igma.fmu.ctan(25).knnvr.eta!(ﬁ).knlvr.
§ltwist,thatad (25) ,theta (25), thatac(24) , thata0, thetCd,alphas,
$cd0,cdk,.dpsind,dpsin,dpsiid,dpsii,coeff,coeffl,c,s,blades,
snnvr,nnva,.nnvrl,nnval,nncr,nnca,etanv (25) , atane (26) ,
gnive,niva.nivrl,nival,nicr,nica,etaiv(s) ,etaic(7),
tntva,ntval.ntca,fpst,fps2,nril,nrl2,irll, ir!2,imedel

common /resul/gamme {26) , twx (24, 2L) , twy (24, 24) , twz (24,24) ,
gwxe (24) ,wyc (24) ywz2e'(2k) ywxne (26, 19) ,wync (26,19) swznc (26,19) »
swxic(9,51) ,wyic(9,51) ,wzic(S,51) ,wrav(25,18) ,wtav(28,13),

* gwznv (28,18) ,wriv(8,50) ,wtiv(8,50) ,w2iv(8,50),
sxnc (26019) yYNC (26n19) 2NC (26.19) oXiC(S'Sl) oYiC(SoS!) oZiC(9151) ’
&?nV(gs.ls).vnV(28.18).znv(28.IB).xiv(B.SO).YiV(B.SO).ziv(S.BO).
gia,i

equivalence (nnvr,nnecrt), (nivr,nicrl), (hnva,nncal)

equivalence (niva,nical), (anvri,nncr2), (nivrl,nicr2)
nzmalist/case/nbldsl, 1twist,sigma,knnvr,nnva,dpsind, etan,knivre,
§niva,dpsiid,etai,thetod, fmy, thetad,aliphas,cdd,cdk,
sfpsl,fps2,cooffl,ntva,iplot,iplotv,itrans,
&ipunch,iplotw, isw, iplotg,iplott,ifmu

data conv,twopi/.017453293,6.283185308/

if(icont.eq.1) goto 4O

read (ird,case,err=399,end=388)
nnvasntva

dpsinwdpsind®conv
dpsii=dpsiiditconv
if(ltwist.eq.1) goto 5

do 11 i=l,knnvr
theta(i)=thetad (i) *conv
continue

continue

..‘6

b )

thetal=thetldnconv oz 13
do 10 i=1,knnvr L PRG:S W@

OR\GWA W
theta (i) =theta0 2 QUAL
continue OF POOR
goto 9




iszshe]
it (ncas.na.l.2nd.nblds.eq.nbldsl)
iszzcb=0
nbldse=nblidst
e biadcaafloat (nbids)
- e=cos (twopi/bladas)
sesin (twopi/blzges)

77 ﬁﬁqpfﬁua

igematnl
if (coaff.na.coaffl) goto 61
do 62 iel,nnvr
}¢ (atan(l) .na.otanv(l)) goto 61
62 centlnua )
do 63 i=l,nive
if (atai (i) .na.ataiv(i)) goto 61
63 continus
goto &b
61 isamat=0
coaffeccaffl
anvrekanvr
nivreshknive
nncrannvesl
nicamniva+l
nicranivr+l
nivaloniva~l
nnvrlepnvre=l
nlvrelenive=l
do &5 isl,nnvr
etznv (i) satan(i) .
continua
do 66 i=l,nivr
. ataiv (i) =etsi (i)
66 ecentlinua
de 12 i=2,nnvr
etane (i) = (ctanv (i) +atenv(i=1)) 2.5
12 continua
do 13 i=2,nivr
etaic (i) =(etaiv(i)+etaiv(i-1))=.5
13 continus '
atanc (l)=l.58etanv (1) -.5%tznv (2)
etaic(1)=l.5%ataiv(l)=.5%taiv(2)
otane (nncr)=1,5%etanv (nnvr) -.Sratanv (nnvr=1)
etazic(nicr)=i.Srataiv{nivr) -.5%etaiv(nivr=-1)

goto 77

.'.~ 13 u‘

65 -

64 contlinus
if(itrans.cq.0) goto 68
nnvasnnva+dpsii22./dpsin
_ if ((nnza=ntva) xdpsin,lt.dpsii®l. 9)nnva-nnva+l
68 continue
nnval=nnva=-l
nncasnnva+l
ntvalentva-l

TR YT
TUAR i ntgasntva+tl

YTy de, 32 iel.nncr2
thetac (i) stheta (1) +(theta (i+1) ~theta(i)) *
& (etanc(i+l)-etanv(i)) /(etanv (i+l) ~etanv(i))
32 continue
¢ x

¢ ® VERIFICATION OF THE INPUT

Yoy BT LYy el s iﬁsﬁ‘
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PRy

reg-

¢ * : :
# NUHBER OF BLADES: LIMIT OF 8 BLADES (SEMRI)
. if(nblds.1t.l.or.nblds.gt.g) goto 60
*V»LIHITAT!ONS BECAUSE OF THE ACTUAL DIMENSIONS OF THE ARRAYS
“.7f (navr.gt.25.0r.nnvr.1t.2) goto 60

o

[

®

(1 30 ¢ ]

80

81

VALUES OF £TA RANGE FROM ETA (RCOT) TO 1.
% AND HUST BE INCREASING

- - B . ~ - B - »- '., - . .v-.q’.

if(nivr.gt.6.0r.nivr.1t.2) goto €0 )
if (hnva.gt.4h.or.nnva.1t.2) goto 60 15
if(niva.gt.50.0r.niva.1t.2) goto 40 menrd PACS

oF FoCR QUALITY

1§ {Sanv (1) . 1t.0.) goto 60

if(etanv'(l) .ne.etalv(l)) goto 60

if (ctanv (navr) .ne.l..or.etaiv(nivr) .ne.1.) goto 60
do 80 i=2,nnvr

if(etanv(i) .le.atanv(i=1)) goto 40

continue

do 81 i=2,nivr

if(etaiv(i).le.ctaiv(i~1)) gcto 60

continue

¢ ® ADVANCE RATIO KMUST BE POSITIVE

Li3

255
150

151 .
152

161
162

153
154

155

156

170

180

CR AT PN

.
iyt e TR e A AN I e bt A dap o F T AT K B A o Yo S B
e A p s i b e o e A B R e R el R L S e 42 Sl “”

i (fmu.1t.0.) go to 60
if(icont.ne.3) go to 255
read (ird,543) (wxe(l) ,i=l,nner2), (wye(i),inl,nner2),
§ (wze (i) ,i=l,nncr2), (gamme (i) , i=2,nnvr)
gamme (1) =0,
gamme (nner) =0,
format (8£10.6)
write (iwr,443) (wrc(i),i=t,nncr2), (wyc(i),i=l,nncr2),
& (wze (i) ,i=1l,nnecr2), (9~FMC(I).I=2 novr)
continue
write(iwr,150) ncas,nblds!,sigma, fau
format ("1#%%% [NPUT %5k CASE # :“,i3./,
&" HUMBER OF BLADES",i2,/," SIGHA",f12.5,/,
" MU, f12.5)
if(l1twist.eq.l) write(iwr,151)
If(1twist.eq.0)write (iwr,152)
format (" BLADES ARE TWISTED")
format (" BLADES ARE NOT TWISTED")
if (Itwist.eq.0) write(iwr,161) thetod
format (* PITCH ANGLE=",f10.5," DEGREES")
If(ltwist.eq.1) write(iwr,162) (thetad (i), i=1,knnvr)
format (" PITCH ANGLE DISTRIBUTION (DG) :",5¢10.5,/,5%,6f10.5,
§/.5x,4L710.5)
write{iwr,153) alphas,cd0, cdk
format (" STALL ANGLE",f12.5,/," COa", £5.4,"4" , £6, 3, " RALPHARR2")
write(iwr,154) coeffl,lims,liml,1im2,fpst, fps2
format (** ROOT AND TIP VORTICES FACTOR:",f10.5,
8/."&HAX.8HUMBER&0F&ITERATIONSSFOR&SEHRI.LOOP!.LOOPZ:".3I3./.
&" CORE)SIZE FCR SURFACE ELEMENTS:",f10.5," FOR SEGMENT ELEMENTS:V
§,f10.5
write (iwr, 155) knnvr,ntva, (etan (i), i=1,knnvr)
format (" NEAR WAKE DEFINITION: (",i2.",",i2,"),",4f10.5,
&8/,5x,6£10.5,/,4f10.5)
write (iwr,156) knivr,niva, (etai (i}, i=1,knivr)
format (" INT. WAKE DEFINITIOH:(",iZ.“,".iZ.“),".hfIO.S.
&/05x06f10050/|SXQ’0f10:5)
write{iwr,170)nnva,ntva
format (** NNVAY, i3, NTVA",i3)
write (iwr, 180) iszmeb, isannt
format (" ISAHEB",i3," ISAMET ",i3)

o f g b Ll T ;4
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lf((icont.eq.o).or.(lconi.eq.})) return

¢ f
~ Jjcontmicent % S
c AARARALARAARARALAAAARALARARAILAAREARNRRARAAAARRAR ax. CPETe
’ - el eaynd
(4 . . 0 ?0{}"& Q
40 continue . oF

revind ipn

L sORAS Jﬁ‘ﬂtcgﬁjipn.err°999.cndﬂ777)tparm.tgeom.tvind.twnof
YT 0 rozd (ipn,erreg39, end=777) tresul

“facmabel
jszmatel
¢ (jcont.cq.2) ra:d(Ird.case.errusgs.endsaaa)
return A

777 write (iwr,191)

191 format (" na# INPUT 2##: ERROR,ICONT=1, EOF ON IPH™)
stop .

¢ 2

c AARAAARARAARARARALARXRRALARAAARARRALARAR

¢ -
entry punch

c * ‘ ,
rewind ipn

¢ # HOTE: IBA LIRITATION OF 32K BYTES OF DATA/RECCRD
urita(!pn)tparn.tgecm.tvind.tunof
writa(ipn) tresul

¢ # HNOTE: THIS REWIKD 1S MECESSARY, WITHOUT IT THE LAST RECORD
¢ ® IS HOT WRITTEN 1M CASE OF ABEHD '
rewind ipn
if (itrace.gs.1) write(iwr,190)
190 fermat (M sx% PUNCH Aakit)
raturn
c ® .
€ BRERANRAAIARARANFEARIATEASARRARARAERLANR
¢ f
888 write(iwr,201)
201 format(lhl)
stop
939 weita(iwr,200)
200 format (" Ank |NPUT iR ERROR ON (IRD) ")
c *®
89 formac(212,610.5)
102 format (8£10.5)
122 format (3i2)
stop
¢ -]
60 continue .
write(iwr,181)
181 tormat (" #&a [NPUT #ak DATA INVALID OR OUT OF RAMGE ")
write (iwr,cazs) _ :
- stop
¢ ” .
end
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subroutine semri2

ARRARAANAAXANLARARAAARNR
*

PROGRAM F¥C A

%
X .
- .- % . -y
s T : CRSAL PRGZ I3
RARXLTRALSRRTADRN SR A TRATS - ,

12/1/80

THIS SUBROUTINE USES THE SEMI-RIGID MODEL
TO COMPUTE A FIRST APPROXIHATION OF THE GEOMETRY OF THE WAKE
AND OF THE DISTRIBUTION OF CIRCULATION ALONG THE BLADES

THE SUBROUTIHE RETURHS.ITESTIBO
[F CONVERGENCEZ 1S REACHED IN (L1AS) ITERATIONS
ITESTI=1 IF NO CONVERGENCE

common/parm/iwr, ird, itrace, Ipsem,nmes, itrew,itrell, itrcl2, itreg,
-Sitrent, itref,iplot,icgen,iplotv,itrtg, ivergr,itest,isameb,isamet,
Slims,liml,lim2,niter,itrans,ipn,jpunch,iplotw, isw,icont,iplotg,
Sipr,iplott .
common/hparm/i fou
common/geem/nbldst,nblds,sigma, fmu,etan (25} ,kanvre,etai (6) ,knivr,
Slwvist, thetad (25), theta (25), thetac (24) , thetao, that0d,alphas,
§cd0,cdk,dpsind,dpsin,dpsiid,dpsii,coaff,coeffl,c,s,.blades,
&nnvr,nnva,nnvrl,naval,nner,nnca, etanv (25) ,2tanc {26) ,
&nivr,niva,nivri,nival.nicr,nica,etaiv(g) ,etaic(7),
éntva,ntval,atea,fesl,fps2,nrll,ncl2,icll,irl2, ircdel

common /resul/gamme (26) . twx (24, 24) , twy (24, 2L) ,twz (24,.24) ,

gwxc (24) ,wyc (24) ,wze (24) Jwxnc (25,29) Jwync (26.25) ,wzne (26,29) ,
swxic(9,51) ,wyic(9,51) ,wzic(3,51) ,wrnv(28,13) ,wtnv (28,18) ,

Ewznv (27, 18) ,wriv(8,50) ,wtiv(§,50) ,wziv(8,50),
&XHC(26.19)-Yﬂc(26.19)-ZnC(ZGoXS).Xic(9.5!)-YiC(9-51).zic(9o51)v
&xnv (28, 18) ,ynv (28, 18) ,2nv (28, 18) ,xiv (8,50) ,yiv (8,50) ,ziv (8,50) ,
Sia,ib

dimension alpha(24) ,wyct (24) ,wzet (24) ,wyv (25),

Ewzv (25) ,sn (36,8) .cn(36,8)

dimension flzamda (24) ,u(24)
reallip(24),1p,1t,mu,tlip(28),f1ip(24) ,dp(2L) ,fep(2L), 2dp (24) ,
&tp(24), fp{24) ,

dimension bigf (25), fmp (25)

dimenzion savl(24),sav2 (24),facv (24)

equivalence (nnve,nncrl), (nive,nicrl), (nnva,nncat)

equivalence (niva,nical), (nnvrl,nner2), (nivrl,nicr2)

data PhiS-Philoopi-fpi.twopi-932/-037266h63--176532929o
63.141552653,.079577L7151,6.283185308,9.86960440L/

data lwx, lwy,lwz /YWX "Wy " wyz uy

data leta,lu,llamda/"ETA ", "y W HLAR 1y

data 1thet,lalpha,lgamma/"THET","ALPH","GANK"/

data 1lip,!tlip,1flip/¥LIP WLUTLIPY, FLIPYY/

data idp,itdp,1fdp/"DP ","TDP “,"FOP '/

data ltp,l1fp/"TP ", ,"fp Uy

data 1bf/"F ny

data 1fac/"FACV'/
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do 10 nb=l,rblds

p3i=(nb-!) #twopi/blades

do 10 j=1,36

phlssphns-psz+phi;0*(u-l) .
oA nb)=sin(phis ‘ sy P
e As 22 (“ n*.)) =cos (phis) . QR‘G";N (‘Q\Jl\\-"w
{0 1AUD TLohtinue ‘. [ Of

f PRANDTL'S CORRECTION FACTORS FOR THE NUMBER OF BLADES

ﬂﬂﬂa‘:{E
@»>

 J

fidefmu-sigmaspi/L.
do 20 i=l,nncr2
fep (i) . Sﬁ(fld+aqrt(fld**z+slgﬂaﬁpiﬂetanc(a+1)*the:ac(l)))
fzoblades®.Gusqre (L. rfmp (i) #22) /¢mp (i)
smatlfefsx (., ~otans (i+1))
1€ (smallif.gt.10.) go to 1000
smawexp (~cmallf)
go to 1001
1000 smacl,
1001 bigf (1) »2.%acos (e3) /pi
20 continua
1f (Ipsea.cq.2) write{ivr,110) Ibf, (bigf(n) ,n=1,nncr2)

¢ INITIAL APPROXIMATION
itest=0
-fkp-.S*(fld+sqrt(f!dﬂ*2+sugma*pi*thetao))
wimabs (fkp=fru)
do 31 ivl,nncr2
wyc (i) =0.
w2e{i) =fmp (i) -fmu
facv(i)=.8
31 continue
do 32 jal,nnvr
wyv(i}=0.
wzv (i) vfmp (i) ~fmu
2 contin -
'Y

®  SPAHWISE MOMENTUA THEORY
&

00 0

ca=.25
do 16 k=1,10
do 15 i=],nnecr2
if(k.cq.l) goto 650
f1=atan{(wzc (i) +fru) / {etanc (i+1)4wyc (i)))
wyc (1) =wyc (1) #f1/f lamda (i) -
650 continue
tgleme (wze (i) +fru) / (etane (i+1) +wye (i))
flarda (i) =atan(tglam)
sliphalsflzemda (i) ~thetac (i)
if (alphal.gt.alphas) alphal=aiphas
if (alphal.lt.-alphas) alphal=-alphas
wzet (i) =~ (pin.25) rsigmax
§sirt((etanc (i+1)+wyc (i)) *n2+ (fmutwze (1)) 2k2) 2
Salphal/ (tglamitetanc (i+1)) /bigf (i)
wze (i) = 2ct (i) n,26+w2e (i)} *.75
wze (i) = {wa2ect (i )-cathc(l))/(l ~-ca)
wye (i) =-wz2c (i) *tglam
15 continue
16 continue
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17

(4 304 ]

»

if(ipsem.nc.2) goto 18

write{iwr,110) twz, (w2ct(n) ,nal,nnecel)
writa{iwr,110} liznda, {ftamea(n) ,n=al,nncel)
write{iwr,110) Iwy, (wyc{n) ,nol,nncr2) .

writo(iwr,110) Iwz,.(wzc {n) ynwl,nnecr2) N

continua ) , <

do 17 ne2,nnvrl cmomat Pact 1y

saa= (etanv (n) =etanc (n)) / (etanc (n+1) ~atane (n) }3F FOOR QU%LVW

wzv (n) ewze (ne1) + (wac (n) *w2e (n=1)) aaa
wyv (n) ewyc (n=1) + (wye (n) =wyc (n=1) ) raaa
.- eontlinue
-wyv (1) owyc (1)
wyv (nave) =wyc (nner2)
wzv (1) »wze (1) .5
wzv (nnvr) »wze (nner2) 8.5

MAIN LOGQP

garme (1) =0,
garme (ancr) =0,
do 400 niter=l,lims

aw, 10%wi
ep3=.00054wi
girin=0.
gtmax=d,

CALCULATION OF THE ANGLES AMD CIRCULATIONS

do 4O lel,nner2
wxe (i) =0.
wyct (1) =C,
wzct (1) =0,

CORRECTION TO ACCELERATE THE CONVERGENCE
flegtan ((wzc (i) +fau) 7 (atane (i+1) +wyc (1))
cerefl/flamda (i)
it (cer.gt.l.1) ccre=l.l
1f(cer.1t..9) cerw.9
wye (1) ewyc (i) ®ccr

INFLOW ANGLE '
flamda (i) =atan((wze (i} +fmu) / (etanc (i+1) +wye (1))
u(i)=(atanc (i+1)+wyc(i)) /cos(flamda(i))

ATTACK ANGLE
alpha (i) =flamda (i) ~thetae (i)
STALL EFFECT
alphal=aipha(i)
if(alpha(i).lae.-alphas) alphala-alphas
if(alpha(i).gt.alphas) alphalwaiphas

CIRCULATICN ALONG THE BLADE
gomme (i+1l)=pitpinsigmanu(i) talphal/blades

STRENGH, FOR THE FAR WAXE

tf{gtmin.ge.garme (i +1) ) gtminmganme (i+1)
iflotmax. it . aamme i+ Varmavmnsmme (341)
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continua . 52
gttw-gtmax »
lf(-gtmin.g:.qtmax)qttu-gtmin_ .

99»!’

..céuw,nugu CF THE VELOCITIES INDUCED BY THE HEAR WAKE
L
v do 50 rmsl, nave

" tglems (wav (c) »fru) / (etenv (mn) Awyv () )
Wagtedzy (o) +fou

etaveatany {mn)

dasphilOnatav

germatoganne (adl) -gemme (m)

pat
ffedatgarmatafpl QR\G"?w: v ._%jﬁ

-

do 50 nnw{,nnecr2 o
stapsatanc (na+i) of ahin
wyieQ,
wil=Q,
wz’o.
do 51 nbml,nbids
do 51 jj=1.9
sp=3n{(j].ndb)
cpeen (jj.nb)
feotap-etaveen
hewem2t® (shi 10%] j-phi5)
rQagqre (faf+ (ctavrap) an2+hah)
the=dan,5/r0
gsethatther (tgleratglamel,)
bhothen (hrtgl zrretaptrep) /r0
=50 ((aa+hb) /sgre(l.+2.20b¢tas) + (3a=bb) /eqre (1.-28bb+aa) ) /
& (aa~bbnby) v )
fuaffaf i/ (rGaronrQ)
wy2way2+fuk (tglanaf-hrgp)
wx2ewx 2+fun (etavispreglan=-hicp)
w22sw22+fun (etav=atapacp)
continua
wxe {nn) maxe (nn) 44ix2
wyet (nn) ewyet (nn) +wy2
wzct (nn) mizet {(nn) +wa2
continue
* .

A CALCULATION OF THE VELOCITIES INDUCED BY THE FAR WAKE
2

do 60 mmuml,nnve,nnvrl

tgleme (wav (ma) +feu) / (at2nv (o) +wyv () )

wn2tewzy (o) +fomy -

etav=gtany (mm)

da=phi10®atav

ffegttndarfpi

if(mn.eq.l) ffmeff

do 60 nn=},nncr2

atap=atanc (nn+1)

wx2=0,

wy2=0,

w2l=Q,

‘do 61 1=1,15

atestal,

hO=twopiafloat (1-1) ~phi5

nnn=|

if(l.eq.1) nnn=10

. .
o mmaeinnesewon
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55

74
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do 62 nbal,nblds 53
do 62 jj=nnn, 36

sposn(fj,nd)

cp=cn(jj,.nb)

fwgtop-etavicp

h= (hO+phi10%jj) twm2t .
rOasqre (Fnf+ (etavitgp) Mt 2+4hath) T

fusff/(rostronro) Ontc‘?lﬂL.PAcs 15 o

wy2mvy2+{uit (tglamif-hasp) OF F3OR QUM-W
wx2owx2+fur (etavaspatglem=htcp)

continue

w22lewz2+atest

if(l.gt.1.and.abs (atast) .1t.eps) goto 63
contlnue

.edfivinue’

wxe (nn) ke (nn) +wx2

wyct (nnyewyct (nn) 4wy2

wzct (nn) sw2ct (nn) +wz22

continua

CONVERGEKCE TEST

do 70 n=1,nnecr2

i1f (abs (w2ct (n) =wz2c(n)) .ge.e) goto 71
if (abs (wyct (n) -wyc(n)) .ge.r) geto 71
continue

goto 80

CALCULATION OF THE NEXT APPROXIKATION

continue
wi=Q,
do 55 i=l,nncr2
wiowi+wze (1)
if(niter.le.3) goto 54
x0w (w2ct (i) tsavl (i) -zav2 (i) rwze (i)) /
8 (savi (i) ~wze (i) ~sav2 (i) +wzet {i))
facv (i) =.5% (((x0-sav2 (i)) /(savl (i) -sav2 (i)))+facv(i))
Pf(facv (i) .1t..1) facv(i)=.1
Pf(facv(i).gt..9) facv(i)=.9
continue
savl (i) swze (i)
sav2 (i) =wzect (i)
facnwl.~facv (i)
wyc (i) =wye (i) %facv (1) +iyet (i) #faecn
wze (i) mwzc (i) ®facv (1) +wzet (i) *faen
continue
- wimabs {wi) /nncr2
do 74 n=2 nnvrl
wyv (n) swyc (n=1) + (wyc (n) =wyc (n-1) ) %.5
wzv(n)-wzc(n-1)+(wzc’n)-wzc(n-l))* 5
continue .
wyv (1) =wyc (1)
wyv (navr) swyc (nner2)
wzv (1) =w2e (1) %.5
wzv (nnavr) =wz2c (nncr2) x,5

tf(1psem.1t.2) goto 302




140

a*
000000
o

102
80

NnoOon

500

- 109
103

write(iwr,140) nitar %ﬁ
format (//," ant SERAY A% NITER=",(3) :
writa(ivr,110) lwx, (wre(n) ,n=l,nner) o
writa(iwr,110) hey, (wyet(n) ,n=1,nner2)
write(iwr,110) twz, (wzct(n) ,nel,nncr2)
write(iwr,110) lgazma, (gamne (n) ,n=2,nnerl)

write (iwr,110) 1fac, (facv(n) ,nel,nncr)

write(iwe, 140) luy, (wye(n) ,net,nncr2) PA

soéé;'“-\-write(iwr;llO)lwz.(wzc(n),nag.nncrz) ?3'§;ST*

s eeneinue o« 5 o
& , _ cﬁ*ggkﬁﬁicl
. centlm)d'- of V.

f H
] COdVSPGEHC‘ IS HOT REACHED WITHIH LIRS ITERATIONS

& RETURN WITH ITESTIm]
)
ftastel
write(iwr,102)
formst ("' aaa SEARL f&x HO COHVERGENCE %)
continua
]
if{Ipsem.eq.0) raturn
a
. QUTPUT SECTION
®
1te0,
‘M.
do 500 n=!,nncr2
cd=ccO+edhtalpha (n) 222
if (aba{zlpha{n)) .ge.alphas) cdocd+cdO
11p (n} =u (n) Agzrme (n+l)
tlip(n)=lip(n) rcos (flzmda(n))
tiip(nle=tlip(n) 2sin(flaxda (n})
dp {n) =y (n) #22#% (pi#sicma/blades) tedt. 5
fdp (n) =dp (n) rcoz (flamda(n))
tdp (n) =dp (n) *sin (flzmda (n))
tp(n)atlip(n) +tdg (n)
fp(n)=flip(n)+fdp(n)
t=lt+tp(n) #(ctanv (mr+t) =etanv{n))
Ip=lp+fp (n) t (otanv (1) s22-ctanv (n) 5£2)
centinue
It=lt2hlades/pl
Ip=ipiblades/ twopi
1f(iftnu.eq.0) go to 5
cpalp/frunkl
ctalt/fmunn?
ctepwet/cp
continue
write(iwre,109)
format {1ht)
write(iwr,103) niter ’
format (10x,"SEMI-RIGID WAKE ANALYS!S = CONVERGED AFTER", ik,
&" ITERATIONS %)
write (iwr,120)
write(iwr,115) leta, (atanc(n) ,n=2,.nnerl)
welite(iwr,120)
write(iwr, 110) lwx, {wxc (n) ,n=1.nner2)
weite(iwr,110) lwy, (wyct(n) ,n=1,nnecr2)
write (Iwr,110) lwz, {wzct(n) ,n=1,nncr2)
wreite (iwr, 110) lu, (u(n) ,n=1,nnecr2)

i



130

c
115
110
120
c
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®

write (iwr,120)
write (iwr,110) l1zmda, (Flamda(n) ,n=l,nner2)
write (iwr,110) I1thet, (thetac (n) ,nal,nncr)
write (iwr,110) 1alpha, (2ipha{n) ,n=l,nner2)

. write(iwr,110) lgeema, (gemme (n) 4n=2,nncrl)

< wwrite{iwr, 120)

- wreite{iwr,110) 11ip, (1ip(n) ,n=1,nncr2)
w?f@e(iﬁﬂg?lo)ltlip.(tlip(n).nﬂl.nnch)
write (ivryf10) 1£1ip, (Flip(n) .n=l,nncr2)
write (iwr,120)
write {iwr,110) idp, (dp (n) ,n=l,nncr2)
write (iwr,110) 1tdp, (tdp (n) ,n=1,nncr2)
write(iwr,110) 1fdp, (fdp (n) ,n=1,nncr2)
write (lwr,120) .
write (iwr,110) itp, (tp(n) .n=1,nncr2)
write(iwr,110) 1fp, (fp(n) ., n=l,nnecr2)
1f(ifmu.ne.0) write(iwr,130)1t,1p,ct,cp,ctep
1f(ifmu.eq.0) write(iwr,120)1t,1p

format(//,10x,"LT= ", £10.5,5%,"LP= ", £10.5,/,10x,"CT= ",#10.5,5x,

§"CPmg",£10.5,/,10%,"CT/CPag", £10.5)
roturn

format (1x,al,1x,9f10.6,/.6%,9%10.6)
format (1x,ah, 1x,9£10.6./,6%,3¢10.8)
format (1x)

end
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subroutina campa2 .56

RAAIRLARARARARAANRRND
®
PROGRAR FWC « , A L e
* v PO
SUDROUTINE COMPAZ OR\G;‘\;”& QUi
R AL AARRARRRALR AR of
L e if;
/a4/78

ITIALISATIOH OF THE POSITIONS OF THE HODES
D OF THE INDUCED VELOCITIES,
ON THE RESULTS OF SEMRI

THE HUMBER OF ROLLED UP VORTICES IS 3 THEN KRL22,1RL22,CG2,Q2,

® ARE KOT USED

8
e
a4
P
&
2 #
£ .
2, a*
a f

2 0L
'S

2 (N
AN
8 FR
*

& [F
*

®

%

cemmon/lanb/wis
comzman/rol 16/q1,42,93, a4, iw
ccomon/parn/iwr, ird, i traca, Ipsem,noes, i trew,itrell,itrel2,itreg,
gitrent,itref,iplot,legen,iplotv,itrtg,ivergr,itest, lsameh, isemet,
$lics,liml, lim2,niter, itrans, ipn, jpunch, iplotw, i sw, icont, iplotg,.
gipr,iplote
comion/geen/nbldsl, nblds, sigma, fru,atan (25) ,kanvr,etai (G} Jknivr,
Sltwist,thatad (25) ,thata(25) , thetac (24) ,thatal, thatCd,alphas,
tedO,cdk,dpsind,dpsin,dpsiid,dpsii,coeff,ccaffl,c,s,blades,
tnnvre,anva,nnvrl.anval,nnernnca,atanv (25) ,etanc (2§) ,
s¢nive,niva,nivri,nivatl,nicr.nica,ctaiv(s) .etaic(?),
éntva,ntval,ntca,fpsl.fps2.nril.nel2,iell,irl2,incdsl
cocmmon /resul/gamme (26) , twx (24, 25) , twy (24, 28) , twz (24,20) &
Euxc (24) ,wye {24) Jw2e (24) ,wxne (26, 19) ,wyne (26, 19) ,wanc (26,19) .
swric(9,51) ,wyic(3,51) ,wzic(5,51) ,wrnv (28,18) ,wtnv(28,18) ,
&wznv (23, 18) ,wriv(8,50) ,wtiv(8,50) ,wziv(3,50) .
gxnc (26019) »yne (260 19) o 2NC (269 ‘9) Xic (9051) .Yic(9o51) oZ!C(SoSl) *
&?nvt(f’s' 18) ynv (28,18) ,2nv {28,18) oxiv (8.50) oY‘V (8050) +2iv(8,50),
gia,
dizension w2n (28) ,wzi (9) .dgml (25) ,dom2 (25) ,dgm3 (25) ,dgay (25) ,
8dgm5 (25) 4dgms (25)
equivalence {(navr,nncrl), (nivr,nicrl), (nrva,nneal)
equivalence (niva,nical), (nnvri,nner2), (nivel,nicr)

wze (1) =.82wz2e (1)

w2e (2) =, 85vize (2)

nncr lenner-1 .
wz2e (nner2) «=.84wze (nner2)

w2c (nner3) = . 8twze (hner3)
atem={atanv{1l)+etznv(nnvr)) .5

do LO i=2,nner

if (etanc (i) .gt.etam) goto 41

Tkej

it (etanc(ik+t) ~ctam.lt.etam-atanc(ik)) ik=ik+l
vtewye (ik+1)

cpsinl . +wt/etans (ik)

% MEAN INDUCED VELOCITY

L]

w2m=0,
do 1 i=},nner2

Y SEPAN P

DN OP U v,



‘0

100
. c.'

20

101

102

103

21

500

91
90
505
510
c

c

<

wzmewzrrwze (i) # (etanv (i+1) n2-etanv (i) #%2)
continue
wznmswzm/ (1.-etanv (1) #42)

APPROXINATION OF THE EXPANSION OF THE WAKE

- -

r3msgre ( (fmutwzm) / (fmurkwzms2.))
... drdz=wxe (nner) / (fmutwze (nncr2))
5 pmedrdz/ (p3-1.)
wwZewzmtfmu
if{(itrzce.ne.0) write(iwr,100)wzm,r3

HSj.f'

ORICHI= PrLE 9
FCO0

o O

" format (1h1//" #dit COMPA #i%: WZMe", £9.6," R3m", £9.6)

2 @

NODES AND VELOCITIES FOR THE NEAR WAKE

do 20 i=2,nnvri .

vizo (i) =fautwze (i=1)+ (w2e (1) ~w2e (i=1)) 2 (etanv (i) ~etanc(i))/

&(etanc(i+1) ~etanc (i))
continue
wzn (1) =frutwze (1) 2.5
wzn (nnvr) sfoutwze (nngr2) .5
do 2] j=sl,nnva
psi=float(j~1) 2dpsinkepsi
psicwfloat{j=1)®dpsin
z=psi*ww2/cpsi
vredrdzaexp (-am®z) fwwz
if(imodel.eq.4) go to 101
aexp=ri-(r3-1.) toxp (-am*2)
go to 102

aexp=1.0

ccc=cos (psic) *1.
sssasin(psic) ®l.,
go to 103
cce=cos (psi) taexp
ssa=sin(psi) *2exp
do 21 i=l,nnvr
wreav (i, j) =etanv (i) #vr
wtnv (i, j)=wt
wznv (i, ) =wzn (i) -fmu
xnv (i, j)mcceretanv (i)
yav (i, j)=sssretanv (i)
znv (i, j)=psiswzn (i)
continue

If{icont.ne.3) goto S0
write (iwr,500)

format (//," COMPA: WAKE GEOMETRY (Z OKLY)™,//)

do 91 j=l,nnva
write{iwr,505) j .
write(iwr,510) (znv(i,j), i=1,nnvr)
continue
continue
format(/,i4)
format (1x,9f10.6,/,5x,9£10.6)
%

% NODES AND VELOCITIES FOR THE INTERMEDIATE WAKE
%

do 30 i=1,nivr

et=etaiv (i)

do 31 i2=2,nnvr

il=mi2-1

PEOORR VN o A i s h e & ey AR et e e arn rx mwn bk £ea kA B B R S4E A s imin et s e
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31
32

:7: :Ju'u\ﬂ
lJAf!J
30

22

93
92

1000
2000

3ooo

OO0 000000000

4000

if (at.1t.atanv(i2)) goto 32 58
continua
continue
a-(etanv(il+l)-e:)/(etanv(il+l)-etanv(il))
gly (i, 1) =anznv (i1, ntva) +(1.=a) f2nv (i 1+1,ntva)
w21 (i) datwzn (i 1)+ (1.=a) #azn (i 1+1)
‘contintia
psiibedpsina(ntea=2) . . ¢
do 22 j=1,niva oS4t
psi=(paiib+float (j=1) 2dpsii) repsi - Q\)ﬁ*'
2=pgithaiz/cpsi o GQ?-
vredrdzienp (vcarn)faniz of
goxper3~(r3-i. )*arﬁfzeqkz) .
cce=cos (psi) 2asxp .
sss-snn(psi)aaexp
do 22 iwl,nive
wriv(i,j)sctaiv (i) ave
weiv(i,j)=wt
wzlv (i, ])ewzi (i) =fou
xiv (i, j)occenataiv(i)
yiv(i,]) easszataiv (i) .
2iv(i,Jleziv(i, D+(j=1) adpsiiswzi (1)
continua
if (lcont.na.3) goto 92
do 93 jst,niva
write(lwr,505) j
write(iwr,510) (ziv(l,]), i=l,nivre)
contlinua
continuae
nnerS=nner2+3
COMPUTE THE STRENGTH OF TIP,RO0T & MIDDLLE VGRTICES
do 10C0 j=3,nner2
kenner5«-j
if (abs (garme (k)) . 1t.abs (gamme (k=1))) go ta 1000
go to 2000
continua
qh==gemze (k)
q3=gamme (k) ~gemme (k-3)
qlegarme (k-3) -gemme (2)
LOCATION OF SECONO MIDOLE VORTEX
k3=k=3
khekely,
p=0.
q=0.
klek-} .
do 3000 ls4,ki, -
dgnl (1+1) = (azmae (1+1) ~gamac (1)) #etanv (1) £22
p-p+dral(l+l)
q=q+ (gammc (1+1) ~gazme (1) ) 2atanv (1)
continug
cg2=p/q

LOCATIQN OF TIP VORTEX

pl=0,

p2=0.

do LOOQ i=k,nneri

dgm3 (i+1)= (gammc(c)-gammc(a+l))*etanv(i)*ﬁ2
pi=dgm3 (i+1)+pt

p2=p2+(gamme (i) ~gammc (i+1)) ketanv (i)
centinue
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cgh=pl/p2
¢5=0.0

LOCATION OF FIRST MIDJLE VORTEX
k3"k 3 [}
£=0.0 ’
do 7000 j=k3, kl )

a= (gamme (j+1) -gamme (j)) *etanv (j) #£2 cﬁmlséh&. E’&aw }»3
bebt+a - . . GF pgﬁf} QSF&LBN
cs-c5+(gammc(4+1)-gumnc(J))*etanv(J); _

continue

cg3=b/c5

LOCATION OF ROOT VORTEX

-

ppli=0.
pp2=0.
kisk=-1
kh=k=l
gamme (1) =0.0
do 8000 i=2,k4
ppl=ppl+ (gamnc (i+1) =gamme (1)) *etanv (i) 782
pp2epp2+ (gamnc (i+1) ~gamme (i) ) *etanv (i)
continue
cgl=ppl/pp2
nrl2lenri2-1
nri22=nri2-2

iri2l=siri2-1

iri22=iri2-2
do 5002 i=1l,nnvr

1f (etane(i).gt.c31) go te 5003

icai

tauSscgl-etanv (ic)
taug=etanv (ic+1l) ~etanv(ic)
wzn(nrll)uw‘n(nc)+(wzn(|c+l)-wzn(nc))*(tauS/tuué)
do 5004 i=l,nnvr

if {atanv(i).gt.cg2) go to 5006

idmi

tau7=cg2-etanv(id)
taufwetanv (id+1) =etanv (id)
w2n(nr122) =wzn (id) + (wzn (id+1) ~=wzn (id)) * (tau7/taug)
do 7001 i=l,nnvr

If (etanv (i) .gt.cg3) go to 7002

iesi

tauldmcgl-ctanv(ie)
taulO=atanv (iet+l) ~atanv (ie)
wzn (nri21) =wzn (ie)+(wzn (ietl) -wzn (ie) ) * (taug/taulo)
do 8001 i=l,nnvr

if (etanv(i).gt.cgk) go to 8002

iqmi
taull=cgl-etanv(iq)
taul2=etanv(iq+l) -etanv (iq)
wzn(nr12)=wzn (iq)+(wz2n (iq+l) ~wzn(iq)) *(taull/taul2)
do 5007 j=l,nnva
psi=float{j-1) *dpsintcpsi
2=psitww2z/cpsi
vr=drdztexp (~amitz) twwz
acxp=r3-(r3-ti.) %exp (~amkz)
nce=cos (psi) ®aexp
sss=sin(psi) taexp

N




do 5007 i=nril,nri2 ‘ 60
ifli.cq.nrll) rollecgl )
¢ " if(j.cq.nr122) rolimcg2
: if(i.cq.nri2l) roll=mcg3 .
if(i.cq.art2) rollacgy R
wenv (i, j)=rollayr .
wtnv (i, ) =wt Ge
“f weomgrn(l, ) vwzn (i) <frou A g;;)ps\v‘ﬁ
fionapvd]j)=cgetroll o0
ynv(i,j)=ssstroll o%
znv(l, ]} =psitwan (i)
5007 centlinua
if(icont.na.3) goto 9L
do §5 J=l,.nnva
write (iwr,505) ] )
write (iwr,510) (anv{i,]). t=nrif,nrl12)
95 continue
94 continua
wzi(irll)ewz2n(nrit)
w2l (ir12)=wan (nr12)
w2i (1ri21) =van(nri2l)
¢ w2i (1r122) sizn(nr122)

' ziv(irit,Doznvinril,ntva)
2iv(irt2, 1) eznvinri2,ntva)
ziv(iri21,1)ezav(nri2t, ntva)

3 ziv(iri22,1)oznv(nrl22,ntva)
do 10 j=il,niva
psin(psiib+flcat{j=-1) *dpsii) *cpsi
2opsi Mewz/epsi
vredrdziexp (=za%2) vz
gexpari-(ri-1.) texp (~am*z2)
cec=cos (psi) Azexp
gssusin(psi) fcexp
do 5008 i=mirll,irl2
if{i.cq.irll) roili=cgl
c if(i.cq.ir122) rolllucg2
It{l.eq.iri21) rolllucg3
ir(i.eq.irt2) rollimcgy
wriv(i,j)=rollinve
wtiv(i,j) swe
w2iv(i,]) =wzi (i) ~fmu
xiv{i,j)occerrolll
yiv(i,j)ossasrolll
2iv(i,J)=2iv(i, 1)+ ({j=1) *dpsiitvzi (i)
5008 continue
10 continue :
1 (tcont.na.3) goto 36
do 97 j=1l,niva
write(iwr,505) j
writa(iwr,510) (ziv(i,j), isirll,irl2)

97 continue
96 continue
cR
c* self Induced velocity
ci=0,
c2=0,
ri= 95
r2=1.05

do 1009 kw={,2
do 1009 i={,180

- s A A




1010

1009

ch

T frme B e S B AR LU % T TSR £ T TR AN S8 AL A -

psrsin0,031424+0.3142
1f {kw.eq.2) go to 1010

" bmi~rltcos (psr)

d=(l+r 1##2-2%r I%cos (psr) ) 21,5
cl=ci+(b/d) #0.02142
go to 1009 '

" bml~-r2tcos (psr).

d-(l+r2**z-2*r2*cos(psr))**l 5
c2ac2+ (b/d)"*%0 931&2

continue

win(cl+tec2) /2.

61
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Lamb induced velocity (vortex ring) with d=,01,0=2

wila5,52
wisewi l=-wi
return
end

=3




-

N

D000 O0OOOANOONNDANODN

LN

2.2

I SN EEEEEEEEEREEEREE:IEI I

» %R

.Y
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-
# &% i,\o
0G%
# PROGRAH FWC  # ot O
":46’".}'.'-?3:»‘@0 S OQ\G\@?' Q\;‘? :
* % “SUBROUTINE IHIVHD * o¢ ¥~
& ®

ARRAANRAXANANNARARARNAAA

02/20/78

PARAMETERS FCR THE EVALUATICN OF THE STRENGH OF THE ELEAENTS
FROM THE DISTRIBUTION OF CiRCULATIOH ALONG THE BLADES

FOR EACH ELEHENT (1)

MM (1,J) 1S THE STRENGH OF THE ELEMENT ON THE INNER SIDE
MULTIPLIED BY THE SIODE LENGTH OF THE ELEMENT, FOR A WNIT
CIRCULATION AT THE IKNER CEMTER (J) OF THE BLADE

MH2 (1,J) 1S THE STRENMGH OF THE ELEMENT ON THE OUTER SIDE
FULTIPLIED BY THE SIDE LEMGTH OF THE ELEMENT, FOR A UNIT
CIRCULATION AT THE IRNER CENTER (J) OF THE OLADE

ceamon/evind/haln (24, 24) ,hm2n (254,24) ,haemtl (24) ,hamat2 (24)  hemme3 (24)

cemmon/parm/iwr, ird, i trace, Ipsem,nmas, itrew,itrell,itrel2, itreg,

gitrent,itref,iplot,icgen, iplotv,itrtg,ivergr,itest,isamab,isamat,

Stics,liml, lim2,niter, itrans,ipn, jpunch,iploty, isw,iccont,ipiotg,
&ipr,iplott
coTon/gecn/nbidsl.nblds,sicma, fru.etan (25) ,knavre,etai (6) ,knive,
Sltwist,thetad (25) , theta (25) , thetac {24) , theta0, thetdd, 3l phas,
§cd0,cdk,dpsind,dpsin,dpsiid,dpsii,coeff,coaffl,c,s,bladas,
gnavr,nnva,nnvrl,nnval,nner,nnes, etanv (258) ,etanc (26) ,
enivr,niva,nivri,nival,nicr,nica,etaiv(s) ,etaici7),
tntva,ntval,nteca,fpel,fps2,arll.nrl2,irll,irl2, inodel.

dimension gne (30) ,gic(7) .hntv (24) ,hitv (6) .gntv (25) ,gitv (25)
equivalence (anve,nnerl) . (nive,nicrl), (nnva,nncal)

equivalence (niva,nical), (navrl,nncr2), (nivri,nicr2)

data Thli,th2i/"HAL1Y, "HR21Y/

data lhinm, Th2n/""HALR"Y, "HH2MY/

data thtl,tht2,1ht3, lhel/"HATLY, "HHT2Y, "HAT 3", "HHT LY/

CLEAR ARRAY OF UNIT CIRCULATION ALONMG THE BLADES
do 10 i=l,nncr
gne (i) =0,

continua : -

LOOP ON THE UNIT CIRCULATIQHS ALONG THE BLADES
nneri=nner2-1
do 12 j=l,nner3
gne (j+1)=1.
LUMPED STRENGH OF THE TRAILING VORTICES
do 14 i=1,nnvrl

gntv (i) =gne (i+1) =gne (i)
continue

DISTRIBUTED STRENG OF THE TRAILING VORTICZS

-

ok il i e Sy




.15

150

151

€8

152

110
120

ww

anvr2=nnvri-1

do 15 i=2,nnvr2 omoHAL PARCE 1S
hntv (i) =gntv (i) / {etanc (i+1) ~etanc (i) ) oF BOOR QUALITY
continue
c . htl=gntv (1) *coeff
. htZ-gntv(nnvrl)*cooff
hntﬁ(l)ﬂ? %(gntv (1) -htl) / (etanc{2) ~atanc (1))
hntv (nnvF 1Y =2.% (gntv (nnvr 1) =ht2) / (etanc (nner 1) -etane (ancr2))

COEFFICIENTS FOR THE NEAR WAKE

» 2

hammtl (j) =ht1

hamat2 (j) =ht2

do 18 i=l,nnvr2
hmin(i,j)=hntv (i) *(etanv (i+1)-etanv(i))
ha2n (i, j) =shntv (i+1) % (etanv (i+1) ~etanv(i))
continue .

gne (j+1) =0,
continue
-
#
A
AXRARAALAXARRARANARS
* .
it(itrace.eq.0) return
write(iwr,150)
format (" &%* |HIVIHD #xaY)
write (iwr,151)
format(/," INT.COEFF. (NEAR WAKE)")
do 68 kimi,nnvrl
write(iwr,110) Ihin, (hmin(ki,kj) ,kj=1,nner2)
write (iwr,110) 1h2n, (hm2n(ki,kj) ,kj=1,nncr2)
continue
write (iwr,1:0) 1htl, (hammtl (k]) .kj=1,nncr2)
write (iwr,110) Tht2, (hammt2 (kj) ,kj=1,nncr2)
write(iwr,152)
format(/," |INT COEFF. (INTERMEDIATE WAKE)")
return :

format (ix,ah,1x,9f13.82./,6%,9f13.8)
format (1x,al4,1x,9i13,/,6x,9i13)

end
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subroutina cofn2 ' wﬁ“

ﬁi}ﬂaﬁg‘?.ﬂ‘?*ﬁﬁtﬁﬁﬁﬁﬁ**ﬁﬁ
RIS o

«-PRoGRAM FHC ® _

% ’ & . . P \‘5
% SUBROUTINE COFN # _ ”p&h?ﬁh

by % QG A QY

oMo
ARABARALANRRNNINTERARRR . %

02/03/78

EVALUATION OF THE COORDINATES OF THE CENTERS
GIVER THE COOROINATES OF THE HODES

cemmsn/rol 13/etar (L) :
corzran/geon/nbldsl,nblds, sigma, fru, etan (25) ,knnve,atai (&) Jknive,
&ltwist,thatad (25) ,theta (25) ,thatac (24) , thetao, thet0d,alphas,
&cdO,cdk,dpsind,dpsin,dpsiid,dpsii,coaff,conffl,c,s,blades,
énnvre  nava,nnvrl,nnval,nner,nnca,etanv (25) ,etane (26) ,
&nlvr,niva,nivri,nival,nicr,nica,ataiv(s) ,etalec(?),
Sntva,ntval,ntea, fpal,fps2,.nrlil,nrli2,iril,irl2,icedel

cemman /resul/gamme (26) o twx (24, 28) , twy (24, 2L) , twz (24, 24) ,

8wxc (24) ,wye (24) ,wze (24) J4wxne (26,19) »wyne (26, 19) ,w2nc (26,19),
gwxic(9,51) ,wyic(9,51) ,wz2ic(9,51) ,wrnv(28,13) .wtnv (28,18) ,
Swznv (28, 18) ,wriv(8,59) ,wtiv(8,50) ,w2iv{8,50),

&xne (26019) syne (260 19) sZNC (260 19) nxiC(SOSI) .Y33(9-51) [
82ic(9,51) ,xnv (28.18) ,ynv(28,18) ,2nv(28,18) ,xiv(8,50),
57‘\'(8.50) .23\!(8.50) vid,ib

dimension ravi(19) ,rave (19) ,rivi (51) ,rive (51) ,dpnt (18) ,dpnr(18),
&dnil (50) .dpir (50)

cquivalence (nnve,nncrl), (nive,nicrl), (nava,nneal)

cquivalence (niva,nical), (nnvrl,nner2), (nivri,nicr2)

THNER PALIHTS

do 1 I=2,nncr2

do 1 j=2,nncal

xnz(i,j)=. 255 (xav (i=1,j=1)+xnv(i=1, ) +xnv (i, j=1)+xnv (i, 1))
yne (i, j)=.252 (ynv (i-1,j-1)+ynv(i=1,])+ynv (i, J=1)+ynv (i,]j))
znc (i, j)=.252(2nv (i-1,j~1)+znv(i=1,j) +znv(i,j~1)+znv(i,]))
continua

CENTERS OUTSIDE THE WAKE (EXEPT CORHERS)

do 3 i=2,nner2 -
xne (i, 1) exnv (i, 1} +xnv{i=1,1) ~xnec (i,2)

yne (i, ) synv(l,1)+ynv(i=1,1) =yne (i,2)
2ne(i,1)=2nv (i, ) +zav(i-1,1)-2nc (i,2)

xnc (i nnca) »xnv (i ,nnva) +xnv (i -1, nnva) =xne (i ,nncatl)
_yne (i,nnca) =ynv (i, nnva) +ynv (i-1,nnva) ~ync (i .nncal)
zne (i,nnca) =znv (i ,nnva) +znv (i ~1,nnva) -zne (i ,nncal)
continue

do 7 j=l,nncal

eavl () =sare(xov (1, J) #22+ynv (1, j) #42)

ravr (j) =sqrt (xnv (navre 1, j) #22+ynv (navr 1, j) %%2)

if(j.cq.nncal) go to 7 ’

dpnlij) =atan2 ({ynv (1, j)+ynv (1, j+1)), (xnv (1, j) +xnv (1, j+1)))

dpar (j) =atan2 ((ynv (nnvri, j)+yav (navrl, j+1)) , (xav (nnvel, j) +xnv (nave t, j=

A e 6 DSl A e e o b B do i GO St ant e M bR B et i Sl S

T
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%

| B .65
t1)))
continue D )
do 6 j=2,nncal ot (754 503 i3

xnc (1, j)=(ravi{j)+ravl (j=1)) #cos (dpnl (j=1) )} -xnc (2, ])
yne (1, j) = (ravi(j)+envi(j=1)) *sin(dpnl (j=1)) -ync (2,])
zne (1, J)oznv (1, §)+2nv (1, j=1) ~2nc (2, ])

OF FOCR QTR

xnc¢ (nnerl, j) = {rave (J) +eave (j=-1) ) *cos {dpnr (j=1) ) =xne (rner2, )

yne (nnerl, jl={rave (j)+rave (j=1)) 2sin(dpnr (J=1) ) =ync (ancr2, j)
zne (nngrl,j) =2nv (anvel, j) +20v (nnvrel, j=1) =2nc (nner2, j)
continua“ .’

..
g

% CORNERS

&

xnc (1, el txav (1,1) =xne (1,2) ~xne (2,1) -xne (2,2)

yne (1,1) =6.2yav (1, 1) »ync (1,2) ~ync(2,1) =ync(2,2)

zne (1, 1) =4 . 22nv (1, 1) ~2nc (1,2) =zne (2. 1) =2nc (2,2)

xne {nnert, 1) =4axnv (navel, 1) =xnc {nncrl, 2) =xnc (nnzr2, 1) =xnc (nner2, 2)
ync {ancrl, 1) =4aynv (nnvrel, 1) =yne (nnerl, 2) =ync (nner2, 1) =yne (nner2,2)
2nc (nnerl, 1) o4aznv (anvrl, 1) ~2nc (nnerl, 2) =2ne (nner2, 1) ~2nc (aner2,2)
xnc (1,nnea) =4 . 2xav (1,nnva) =xne (2,nnca) ~xne (1, nneal) =xnc (2,nncal)
yne (1,nnca) =4 2ynv (1,nnva) =yne (2,nnca) =yne (1, nncal) =yne (2,nncal)
2nc (1,nnca) =4 22nv (1,nnva) =2ne (2,nnca) =anc (1, nneal) =z2nc (2, nncal)
xne (nnerl,nnca) =4 kxav (navel, nnva) =xne (nncr2, nnca) =xnc (nner 1, nneal)
&-xnc (nner2,nncal)

ynec (nncri,nnca) =4 . *yav (anve, nnva) =yne (nner2, nnca) =yne (nncr1,nncal)
§-yn¢ (nnzr2,nnccl)

2ne {nner i, anca) sk . 22nv (nnvr 1, nnva) =zne (nner2,nnca) =2ne (nner1,nncat)
g-2nc (nner2,.nncal) '

return
end
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subrouting loopl2 66 .
”
A, BRIRARARRARRAARR AN LE o
woh . N . ¥
2 ""PROSRANENG a “}v(;:‘t;ﬁi
® # ‘o =1 i .

3 ‘Gs Q

A & SUBROUTINZ L0OP22 ® - o¥%e0
% & . ] . ot
@ aamm‘gzmnammmm
A,  H
a 12/1/60
]

? LCOP 04 THE ELERCNTS, TO COMPUTE THE VELOCITIES

& AT THE CENTERS, BY VIHO3,H,!

®

® IF THE NUHBER OF ROLLED UP VORTICES IS 3 THEM IRL22,HRL22,CG2,Q2
% ARE NOT US&ED )

® DLADES gL

B HEAR WAKE / A/ B/ / /
& IHT WAKE / /87 C/ /
% FAR WAKE / / / / F/
!

ceoman/rol16/g1.q2,93,q4, iv
cczmon/ali/egl,eg2,cg93, ¢4, 1 :
cezmen/rol 1 10/wxctr2 (25) ,wyctr2 (25) ,wzetr2 (25)

cozzon/parm/iwr. ird,itrace, Ipses, nmaa, itrew, itrell, ttrel2, fereg,
gitrent,itref,iplot,lecgen,iplotv,itreg,ivergr,iteat,iszosb, isanat,
Slims,linl,lin2.niter,itrans,ipn, jounch, iplotw,law,icent, iplotg,
Sipr,iplott
ccmmon/gzem/nblidsl,nblds, sigma, fmu,atan (25) ,knnve,etal (§) Jknive,
Gltwist,thetad (25) ,thata (25) , thetac (24) , thatz0, thatod,alphas,
6¢gQ,cdk,dpsind,dpsin,dpsiid,dpsii,coeff, cocffl,c.s,.blades,
Ganvr,.nnva,nnvrl,nnval,nner,nnca,etanv (25) ,ecanc (26),
Enivr,niva,nivri,nival,aicr.nica,etaiv(g) ,ctaic(7),
Grtva,ntvasl,ntca, fpsl, fps2.nril,nrl2,iril,irl2, iccdal

cozmon /rasul/gamme (26) , twx (24, 24) , twy (24, 24) o twz (25, 24) .
&wre (24) ,wye (24) Jwze (24) wixne (26, 19) wrync (26, 19) swzne (26, 19) .,
Suxic(9.51) ywyic(9,51) ,wzic(9,51) swrnv(28,18) ,wtrv (28,18) .
Swznv (28, 18) ,wriv(8,50) ,wtiv (8,50) ,wziv(8.50),
&xne (26- 19) Wyne (26- 19) W ZNS (260 19) WXic (9051) !YiC(glsl) o2icC (9.5‘) .
&?nv(28.i8).YnV(ZB.IB).znv(28.18).xlv(S.SO).YiV(B.SO).;lV(8.50).
&ia, ib

cozman/evind/haln (24, 24) ,ho2n (24, 24) ,hammtl (24) ,hamme2 (24) Jhamat3 (24)

cexzmeon/roll 1/hemats (26) ,homsts (26)

cormon /val/R,y.2,UR Uy, Uz X1y, 21,X2,v2,22,x5,¥3023, X4y ¥l o2k,
8gn,gal,gm2,dea, it,rho,2pf,tl,epsl,eps2, stre, jon

ceomen /vort/gmin(24) 4 g22n (24) ,gnli (5) ,gm2i (3,
§gamatl,gamat2, gammt 3, gammth

common /saviw/ vyt (24,24) , twzt (24,24)

ccmmon/tipco/wzntl,wyntl.wzntl.wxntz.wyntz.uzntz.wxntp.wyntp.wzntp

ceanon/semi /delz

equivalence (nnvr,nncri), (nive,nicrl), (nnva,nneal)

equivalence (niva,nical), (nnvrl,nncr2), (nivri.nicr2)

. dimension dgml (25) ,dgm2 (25} ,dom3 (25) ,dgm4 (25) ,dga5 (15) ,dgmé (15)
% S2=51H(15),C2=C0S (15) ,TT2=2,2TG(15/2)

data s2,¢2,tt2/.253819045,.965925326,.263204995/

data twopi/6.283185306/

data lgln.!gln.lgli.IgZi/"GHIN“."GMZN"."GHll"."GHZI"/

Fvr e ey
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data lgam/"GAKC"/ 67
. < : 3
: LARMASRARAAMARAARARIAARRRARSATATEARRAMRR RS Vi
c &« F ol Yoo e
¢ % STRENGH OF THE ELEMENTS ’
¢ T $S cae 215
¢ IP L0 o PAGE \2
¢ Q.vj"“ 'r“é; GUN.LW:
gamac (nner1) =0.0 o7 V"("‘ ]
T, nave2=nave {=1 3
“'nner3=nacr2-1i '
dé 600 i=1,nnvr}
gnin (i) =0.
gm2n (i) =0. . .
cdo 600 j=1,nncr2
gnin (i) agmin (i) +hnln (i, j) 2gamme (j+1)
gm2n (1) wgm2n (i) +hm2n (i, J) rgamme (j+1) p
600 concinua
e &
c % i
gammtl=0,
* gu"nth'o.
do 604 Jwl,nncr2
guwﬂtl-gamﬂtl+haﬁntl(j)ﬁqammc(1+l)
gammt2=gammt2+hamnt2 (j) #gamme (j+1) 3
604 continue H
Jjem=0 o
if(nmes.na.l) go to 723 Pl
gtmin=0, :
gtmax=0. i
if(gtmin.gt.garme (j+1)) gtminegamme (J+1) i
if(gtmax.lt.gamme (j+1)) gtmaxwugamme (j+1) Pl
1f(gtmair.gt.gammc (j+1)) jmins] ' !
if(gtmax.lt.ganme (j+1)) Jmaxwj . !
725 continue
gttegtmax
if(-gtmin.gt.gtmax) gttegtain :
Jtmejmax : ;
if(-gtmin.gt. gtna!) Jtm=imin
723 continue
®
if(itreg.eq.0) goto 610
write(iwr,153) niter
153 format (///,"» LOOP2 #a% (ITERATION:",13,"M") Cod
write(iwr,110) 1gam, (gamme (ki) ,kim2,nnerl) -
if(itrci2.eq.0) goto 610 :
write{iwr, 110} 1gln, (gmin(ki) . ki=al.nnvel) i
write (iwr,110) 1g2n, (gm2n (ki) .ki=1,nnvrl) :
write (iwr, 110} 1g1i, (gm1i (ki) ,ki=t,nivel) .
write (iwr,110) 1g2i, (gm2i (ki) ,ki=l,nivel) '
write(iwr,613)gammtl,gzmmt2,gamnt3, gamath '
615 format{" GAAMT 1 TO 4 ", Lel3.4) ¢
110 format(lx.ah.1x.9f10.6./.6x.9f10.6) .
610 continue
e ]
c B R R A A e R TR A R A O A A A AT e
[ f
¢ %t SAVL INFLUENCE COEFFICIENTS OF PRECEDENT ITERATION
[ 13

do 60 ifl.nncrz
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933

200

do 60 jwl,nncr2 , 68 .
twyt (i,]) etwy (i,]) e
twt(ioj)“:h’l(ioj) L N
continua >
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mﬁz‘:iaﬂ&'ﬁ b4 ”
Itt2eitrel2 : Q;&"
1¢(itt2.eq.4) itrci2e2 " Q@‘"
it(itref.eq.l)itrel2e=D
continua CPQ
call elv2 . (8]
fdehed

i¢(itrans.0q.0.0r . itref.eq.l) ideb=1
if(itref.eq.l) goto 250

1f(ltrent.eq.l) c2ll inien2

1f{ltrel2.ne.0) write(iwr,200)

fornat (M1adn LCOP2 aanY)

if(imedal.cg.3) go to 11l
if(iczedal.eq.4) go to 222
go to 333

do L4k iwml,nnvrl

do kLb J=l.nnva
2nv(l,])=0.0

go to 323

do 2111 i=1,nnvrt

do 2111 i=},nnva

2111 z2nv(i,j)=2nvinrl2, J)

do 2222 ienrit,nrl2
do 2222 i=1l,nnva

2222 - z2nv(i,J)esnv(nri2,])

Joi

contlinue

BRARARRRANARARAAARAD
®

# VELOCITIES INOUCED DY THE CIRCULATION OH THE BLADES
®

TIP LOSS FACTOR

gemme (nner 1) =0.,0

jte2 -
11301 :
if(itret2.9t.1) writa(iwr,301)

format (" VELGCITIES INDUCED BY THE CIRCULATION OM THE BLADES")
ximatanv (1)

yi=Q,

21«0,

y3=0.

23=0,

do 1 iwl,nner2

x3metanv (i+l)

gme-gamme (i+1)

cal! coord

call vindnl2(1,nnva)

call vindi2(2,niva)
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000

302

(2]

303

-

1f (imodatl.eq.2) call vindn2(1l.nnca) 69
ximx3

continue

If{itrcl2.eq.2) call prtv

ff(itrcl2.eq.3) call prtvd?

wxntlewxne (nnvrl, 2) oL PAET 53
._wyntl=wyne (nnvrl,2) oF Fodn QUALITY
wzntlnwznc(nnvrl 2)
wxng2=pxne (nnert, 2)
wynt2evyne (nnerl, 2)
wznt2=winc {nnerl,2)
wxntp-(wxﬁédenvrl.1)+wxnc(nncrl.1)+wxnc(nnvr1.2)+wxnc(nncr!.2))/b.
wyntp= (wync (nnvrl, 1) +wync (nner i, 1) +wyne (navr i, 2) $wyne (nnerl, 2) ) /4.
wzntp= (wzne (nnvrl, 1) +wzne (nnerl, 1) +wzne (nnvr i, 2)+wznc(nncrl 2)) /he

RANKARARRARAANKARAANN

.

® VELOCITIES INOUCED BY THE HEAR WAKE

%

phibatwoni/blades
kapa=ifix inhib/dpsii)
nvsp*niva-kapa

®  SURFACE ELEHENTS

d

ital

if(itrci2.gt.l) write(iwr,302)
format ("1VELOCITIES INOUCED BY THE NEAR WAKE (SURFACE ELEHENTS) ")
do 3 i=l,nnvr2

gml-gmln(u)

gm2=gm2n (i)

do 3 j=l,nnval

xlexpv (i, j)

yl=ynv (i, j)

2leznv (i, ])

x2sxav (i+1,])

y2oynv (i+l,j)

22=z2nv (i+1,j)

x3=xov (i, j+1)

y3=ynv (i, j+1)

23mznv (i, j+1)

xbaxnv (i+1, j+1)

yhmyav (i+1,j+1)

zh=znv (i+1, j+1)

call coord

call vindb2(1,1)

It (imodel.eq.4) it=8

if (imodel.eq.l) call vindnl2(2,nnva)
if (imodel.eq.ly) it=l

if (imodel.eq.2) call vindn2(1,nnca)
continue

if(itrcl2.eq.2) call prtv
1f(itrcl2.eq.3) call prtvd2
if(itrent.eq.l) call execn2

% SEGMENTS ELEMENTS

%

it=2

if(itrcl2.gt.]) write(iwr,303)
format ("IVELOCITIES INDUCED BY THE NEAR WAKE {SEG. ELEMENTS)™)
do 500 i=1,nnvrl,nnvr2

if((nmcs.eq ’).aﬂd (i.eq.1)) go to 500
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510
500
]

o

0DOOOOO

!

[4]

1000
2000

(1]

5000

OO ONOHOHONODO

4000

c®
ch

gmegemmt] 70
If{i.eq.nnvrl) gnegamat2

do 510 j=!,nnval

xlsxnv (1,])

yleynv (i, J)

zl=znv (i,]) _

x3=xnv (i, j+1) 5

< T 3y (Bige1) | vt
Vil 23ueav(l i ]+1)

call cecord
cail vindb2(2,1) _ ot
if (Incdal.og.l) it=9

if (Imcdel.eg.l) call vindni2(2,nnva)

it (imodal.aq.b) [te2

it (imodel.cq.2) call vindn2 (1.ance)

centinue

continue

RRABARARREAANKAARAARAR

® COMPUTE THE STRENGTH OF TIP, MIDOLE,ARD ROOT VORTICES

ft=2

nncrSanncr2+}

do 1000 j=3,nncr2

kennerb-j

1f (abs (gzmme (k) ) . 12.2bs (ga=me (k=1))) go te 1000
go to 2000

continua

qLe~gamme (k)

q3=gamnc (k) ~gamac (k=3)

qi=gamme (k=~3) =gamme (2)

LOCATION OF SECCHD MIDDLE ROLLED UP VORTEX
kisk=-1

k3=k-3

kliy=k=],

p=0.

pp=0.

do 4000 =4,k

dgml (1+1) = (gamme (141) ~garme (1)) tetanv (1)
paptdgml (1+1)

ppepp+ (gammc (1+1) -gamae (1))

continua . °
€g2=p/pp

LOCATION OF THE TIP ROLLED UP VORTEX
pi=l,

p2=0.

do LOOQ i=k,nner2

dgm3 (i+1) = (gamme (i) ~gammc (i+1)) retanv (i)
pl=pli+dgm3 (i+1)

p2=p2+ (gamme (i) ~gamme (i+1))

continue

cgh=pl/p2

LOCATION OF THE FIRST MIDOLE ROLLED UP VORTEX
b=0.0

T e e+ i ats b it
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c5=0.0
do 7000 j=k3,kl
beb+ (gamme (j+1) =gemme (j) ) retanv (j)
ch=c5+ (gamme (J+1) ~gamme (§))
0 continue
c€g3=b/ch

LOCATION OF THE. ROOT ROLLED UP VORTEX cranial. t PRACE
pp2=0, :
gam=e (1) =0.0
do 8000 i=2,ky.. .
pplepp i+ (gamme (1+1) ~gamnc (i) ) #atanv (i)
pp2-pp2+(g mme (1+1) =gamme (1))
‘. "continue
cgl=ppl/pp2

write (iwr,4001) cgl.,cg2,cg93,cg4.al,q92,a3,a4

format (" location of rollup vorticas = “,8f10.5)
if(itrcl2.gt.l) write(iwr,307)

formas ("1VELOCITIES INDUCED BY THE INT. WAKE (SEG. ELEMENTS)M)
irl2i=iri2-l

nri2i=nri2-1

nri22=nri2-2

fr122siri2=-2

VELOCITIES INDUCED BY ANTICIPATED NEAR WAKE ROLLED UP VORTICES

do 7 ienrll,nrl2
if(i.cq.nril) gm=ql
if(i.cq.nri22) gmeq2
if(i.eq.nr121) gme=q3
1f(i.eq.nr12) gm=qy
do 6 j=1l,nnval
xi=xnv (i, ])
yl=ynv{i,J)
z2leznv (i, )
x3=xnv (i, j+1)
y3=ynvii, j+1)
23=2nv (i, j+1)

call coord )

call vindnl2(2,nnva)
call vindi2(2,niva)
continue

continue

VELOCITIES INDUCED BY INTERMEDIATE WAKE ROLLED UP VORTICES
do 18 i=irll,irl2
if ((nmes.cq. 2) .and. (i.eq.1)) go to 18
if(i.eq.irll) gmaql
if(i.eq.ir122) gm=q2
if(i.eq.ir121) gm=q3
if(i.eq.ir12) gm=qy
do 17 j=1,nival
dps2=eps2
xi=xiv(i,j)
yi=yiv(i,j)
2l=ziv{i,j)
x3=xiv (i, j+1)
y3eyiv (i, j+1)
CORE BbRS:IﬂG AFTER FIRST BLADE INTERSECTIOH
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philedpsint (nava=1)+dpaiin(j=-1) 2
if(phil.gt.phib) cpsl=.}
¢all coord
eall vindni2(2.nnva)
call vindi2(2,niva)
if (imedel.eq.2) call vlrinz(l.nnca)
oep32=dps
17 » :-.¢ontinua o
13 - sCﬁt!nua ~:
“Ieliereld.eq.2) call prev . O
1€ (itrc12.cq.3) call privd2 St
iIf(ltrent.cq.1) call execn2
& o ?09‘
ERARAABARRALAANARRRALEANARS : ot

VELOCITTES INDUCED BY THE FAR WAKE

ﬁﬂﬁ}ﬂ

continue : '

0OOONMNDNDODOHOO
8

»2

FOR 2 SPIRALS : 720 DEGREES

0on
% %

do 50 imirlt,irl2
1f({l.eq.irl21) gmeqisl,
if(i.ca.irll) gmmglay,
1f(l.cq.1r12) gm=ginl.

¢ 1f(l.eq.0r122) gmmq2al,
1f(izrcl2.qt.l) wrive(iwr,303)i,cm

308 foroat("1ViL. INCUCED BY THE FAR WAKE (SEG),!=",13." GH=",el13.4)
dalzeziv (i,niva) =ziv(i,nvsp)
2pfoziv(i,niva) 22-2iv(i,nvsp)
rhoa.Sﬁsqrt((xiv(I.niva)+xiv(l,nlval))ﬁ#2+
slytv(i,niva)+yiv(i,nival)) #%2)
if(iercf.na.l) goto 201

¢ RESELEE8865LE6E8555568558556858868

c & VERIFICATION OF THE MODEL GF THE FAR WAKE

nk=450
do 220 ktt=l,2
jtel~ktt
virite (iwr,205) it,1
205 formze (" 148 VERIFICATION OF THE FAR WAKE nas% lTﬂ" P3,% 11=,13)

tf(it.eq.2) goto 210
call vindnl (1,nnca)
call vindi (2,niva)

call prtvd )
220 continue
c ﬁ&&&&&5&&5&&L&&&u&&&&&&&&&&&&&&&
201 continue
[ -]
itn}
call vindnl12{1,nnva)
call vindi2{(2,niva)
if(imodel.eq.2) call vindn2(l,nnca)
c % ‘
¢ i
210 continue
50 continue
c 4

if{itrcl2.cq.2) call prty
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888

889
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if(itrel2.cq.3) call prtvd2

continue

if{itrcl2.eq.1) write(iwr,310)

format (" VELOCITIES INDUCED AT THE CENTERS")
1f(itrcl2.eq.l) call prtv : '
lf(ltrcnt.eq.i;and.itrcf.eq.o.and.itrclz.ne.s) call exeen2
if(itret.eq.l)vgoto 888

1t (izrci2.eq.3) goto B8s

£ (itocli2.eq.2) itrei2el

1f(itt2leq.L).-itrel2=y

return o
continua OCRENAL PACE 13
ftref=0 OF POOR QUALTY
ftrcl2=itt2 . . '

goto 999

continua

jtrei2=1

goto 939

end
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gubroutine prtv 74

BRAANASARAAAATRRRN NS
* 2
®  PROGRAN FWC L
& % .
®  SUBROUTINE PRTV = Go
SARRARARARAARARAARAA A R o0R
of ¥ _
02/03/178
1N 0UT FOR VERIFICATICN
ENTRIBS: * °
PRTV: VELOCITIES AT THE CEHTERS AND INFLUENCE COEFFICIENTS

PRTCEN: POSITIGNS OF THE CENTERS

FRTNGOD: POSITIOHS OF THE NQDES
PRTVD VELOCITIES AT THZ CENTERS,

T™
cL
AH

E CLEAR THE CORRESPONDING ARRAYS
V CLEAR THE ARRAYS FOR THE INDUCED VELOCITIES
0 THE INFLUENCE COEFFICIENTS

PRTVM VELCCITIES AT THE CENTERS OF THE NEAR WAKE
PRTVI VELOCITIES AT THE CEHTERS OF THE INTERREDIATE WAKE

cemmon/rol 12/wzive (8, 50).wxlvr(8 50) ywyivr (8,50) ,wzavr (28, l&).wxnvr(za.la).

Swynvr (28,18)
. comnon/ral15/wxetr (25) ,wyctr (25) ,wzetr (25)

common/parm/iwe, ird, i traca, Ipsem,nmes, i trew,itrell, ltret2, ltrcg.
Gitrent,itrcf,iplot,icgen,iplotv,itrtg,ivergr,itast,isamseb,isamat,
-8lims,limt,tim2,niter,itrans, ipn, jpunch, iplocd, lgw, lcont, iplotg, .
gipr,iplott
common/gecn/nblidsl,nblds,sigma, fmu,etan (25) ,kanvr,etai (6) Jknive,
§1twist, thetad (25) , theta (25) , thatac (24) , thezz0, thetOd,alphas,
8cd0,cdk,dpsind,dpsin,dpsiid,dpsii,coeff,coeffl,c,s,bladas,
§nnvr,anvs,nnvri,nnval,nner,nnca,atany (26) ,etane (26) ,
&nive,niva,nivei,nival,r’cr,nica,ctaiv(g) ,atzic(7),
sntva,ntval,ntca,fpsl,fps2,nrll,nrt2,iril,irl2, irode!l

cexmon /resul/gamme (26) o twx (24, 24) , twy (24, 24) »twz (24,204) ,

Svixe (25) WWYC (2“) sHZC (ZIA) sWXNRC (26v 19) Wync (26-19) WHZNGS (26- 19) »
8wxic (9,51) swyic(9,51) ,wzic(9,51) ,wrnv (28,18} ,wtnv (28,18),

8wznv (28, 18) ,wriv(8,50) .,wtiv{8.50) ,w2iv (8,50},

§xnc (26, 19) ,yne (26,19} ,2nc (26, 19) »xic{9,51),yic(9,51),zic (9.51),

?xnv (28,18) ,ynv (28.18) ,znv (28, 18) ., xiv (8,50) ,yiv(8,50) ,2iv(8,50),
-&ta,ib

dimangion wr (26)

cquivalence (nnvr,nncrl), (nive, nlcrl) (nnva,nncal)
equivalence (niva,nical), (nnvrl.nncrz) (nivri,nicr2)
data lwxnc, Iwync, Iwznc, lwe /"HWXNCY , "WYNCY , '"WZREY,"WR "/
data lwxic,lwyic,lwzic JUMXICH Y IC, N2 I/

data Ttwx, ltwy,ltwz/"THX ", "THWY ¥, “TWZ "/

data Ixnc,lync,iznc/"XNC ", "YNC " ,"INC %/

data Ixic,lyic,lzie/M"XIC M, UYIC ", "ZIC W/

data Ixnv,lynv,lzny/UARV 9 UYHY B zHy g

data Ixiv,lyiv,12iv/"XIV " 0y " nZ1y vy

.

W (X, ¥, WX, wy) » (wxtxtwyhy) /sqre (xaf2+yin2)

format (1x,al, 1x,6f10.6,/,6X,6f10.6./,6X,6f10.5}
formaz (1x)




S R e

idel=0 . 75i
vrite (ivr,100)
format (" ##k PRTV #xs!)

continue

do 1 J={,nnca

do 4 i=1,nncr
~owre (i) =w(xnc (i,0)yne (i,]) swxnc (i, j) wync(i,j))
© eontinue

oo aGe 13
“wrlte (lwr,102) ORICIHAL i—‘?ﬂuv
write (iwr, 101) lwxne, (wxne (i, j) ,i=1,nner) OF POOR QUALITY

writa(iwr,101) lwyne, (wync(i,j),i=l,nncr)
write(iwr,101) lwz2ne, {(w2ne(i,j),i=1,nner)
write(iwr,101) lwr, (wr(i),i=1,nnecr)
continue

it(idel.eq.2) return

continue

do 2 jei,nica

do § i=},nicr

wr (i) ew(xic(i,j).yic(i,J)wxic(i, ) wyic(i,))
continue

write (iwr,102)
write{iwr,101) luxic, (wxlic(i,j).i=l,nicr)
write (iwr,101) lwyic, (wyic(i,j),i=i,nicr)
write (iwr,101) lwzic, (Ww2ic(i.j),1=1,nicr)
write (iwr,101) lwr, (wr (i) ,i=l,nicr)
continua

if(ide!.eq.3) return

if(idel.eq.1) gete 70
PRINT QUT OF THE INFLUENCE COEFFICIENTS

do 3 Jje=i,nncr2

write (iwr,102}

write (iwe,101) Ttwx, (twx (i,J) ,i=1,nncr2)
wrice (iwr,101) Vewy, (twy (i,]),i=1,nncr2)
write (iwr,101) 1twz, (twz(i,j),i=1,nncr2)
continue

return

Y AR R AR AR A AR AR AR RN A AR AR ARRARRN RS AR RTRN

100

c %
. 60

¢ *
L

1

¢ &
61

5

2

¢ &
¢ 2
c *
¢ 4
3

[ -]
c #
. . .
c %
[ %
103
30

entry prtcen?
PRINT THE POSITIONS OF THE CENTERS

writefiwr,103)

format {** % PRTCEN wniean)

do 30 j=1,nnca

write (iwr,102)

write (iwr,101) txne, (xne (i,j) ,i=1,nncr)
write(iwr,101) lyne, {ync(i,j),i=1,nncr)
write{(iwr,101) 1zne, (zneli,j),i=1,nnecr)
continue '
do 32 j=!,nica

write{iwr,102)

write (iwr,101) Ixic, (xic(i,j).i=1,nicr)

[EUOFEDUE NV W NS A Sy

OO ——




weite (iwr,101) tyie, (yie(i,]),i=t,nicr) 76
weite (iwr,10%) 12ic, (zie(l,j),i=l,nicr) :
2 continue
return
¢ ® .
€ RIRAEAARRARARIARRARRARAREAAAARSAARARARANARARRR
¢ 4]
entry prened2 ‘ :
[ & : .i..p .
¢ & PRINTLZWE POSITIONS OF THE HODES ’ y?‘éﬁ&(ﬁ
€ BA3 g qpe 3 .
yq..,,;néfto(lwr.IOh) : v : ,:ﬁ§9§§5%€;
104 format (" #n% PATHOD AsaM) , ot *
do 50 jetl,nnva T
write (iwr,102)
writa (iwr,101) 1xav, (xnv (i,]) ,i=l,nnve)
writa (lwr,101) Iynv, (yav{i,]),i=1,nnvr)
write{iwr,101) tz2nv, (2nv(i,]) ., i=l,nnvr)
80 " eontinua
‘ do 52 jel,niva
: write (lwr,102)
write (iwe,101) Ixiv, (ziv(i,]),i=l,nive)
writa(iwr,101) lyiv, {yiv(i,]) ,i=l,nivr)
write(iwr,101) 12iv, (2iv(i,]) . i=l,nive)
52 continua
return
c * . :
€ ARAREARAAANAAANRAARARNEAAREAAAARAADADARAAIAARTAANARRAAS
e f
entry prtvd2
(3 b
¢ & PRINT THE VELGCITIES AND CLEAR THE CORRESPGHODING ARRAYS

c % ‘
writa {lwr,105)

105 format (" sxm PRTVD analt)
idal=l

goto 40
#

. .
ARARRARAAARARARARAARAARARAAANRARAARRAAARAALA
-]

oOo0o0nn

entry clv2

CLEAR THE ARRAYS OF INDUCED VELCCITIES

~NOOO
2 %%

0 continua -
do 80 i=l,nncr
do 80 j=1,nnea
wxne (i,])=0.
wynec (i, j)=0.
wzne (i, j}=0.
80 continue

do 81 i=l,nicr

do 81 j=l,nica

wxic(i,j)=0.

wyic(i,j)=0.

wzic(i,j)=0.
81 continue

PRSP SPIP ;i;&;
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82

83

85
84

106

do 82 f-l.nncrz . 77
do 82 j=l,nncr2 '
twx (i,j)=0.

twy (i,])=0.
twz (i, j)=0.
-, continue
- den332i=1,nncrl welts, Ptk O
wxcdt Li=0.. g;.;u 2 QUALITY

wyctr (i) =0,
wzetr (i) =0,
continue

do 84 i=irll,irl2
do 85 j=l,niva
wyive (i,]) =0,
wzivre (i,]) =0,
wxive (1,])=0.
continue
continue

do 5017 il=nril,nri2
do 5017 ji=1,nnva
wxnvr (i1,]j1)=0.
wynvr (i1,j1)=0,
wznvr (i1,j1) =0,

continue .
return
#
BARRAARNARRAAAAARARAARAARRRA RS RARRARAARALALARARNR
#
entry prtvn2
]
%

PRINT THE VELOCITIES AT THE CENTERS OF THE NEAR WAKE ONLY

ldelw?
writae(iwr,106)
format (" *A%x PRTVN *an")

goto 60
%
RRARKAXAARRXERGARRANAARKARAXRRANARA A RARARARTRALR
%

entry prtvi2
%
& PRINT THE VELOCITIES AT THE CENTERS OF THE INTERMEDIATE WAXE ONLY
%

idela3

writs (iwr,107)

format (M ik PRTVE Raxh)

goto 61
%

end
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subroutine vind2 ‘ 8

ARARRARRARRRARRRAA AR
2

% PROGRAM FWC  # o
& SUBROUTINE VIND2 .% , oW
8 A # AW QW
ARANLACHARARRARAAARRR o :
[T SN I Y ) .

-4

07/14/80

LOOP OH THE POSITIONS WHERE THE IMOUCED VELOCITIES

ARE COMPUTED

ENTRIES ¢ VINDB : VELOCITIES INDUCED ON THE ELADES

(EVALUATION OF THE INFLUENCE COEFFICIENTS)

VIHDON ¢ VELOCITIES (MDUCED ON THE BLADES HEAR WAKE
VIND! : VELOCITIES IMNDUCED ON THE BLADES

INTERHEDIATE WAKE :

VERIFICATION OF THE INFLUENCE COEFFICIENTS

INITTALISATION OF THE ARRAYS FOR

VERIFICATION OF THE INFLUEHCE COEFFICIENTS

L ad
..

EXECH
INICH

*e oo

D000 ONOOOHOO
SN BN XN DN NN RRNFN

coamon/rol16/q1,42.93,qh, iw

common/rol 15/wxetr (25) ,wycer (25) ,wzetr (25)
cermmon/rol11/hamme5 (26)  harmt6 (26)
common/rol12/wzivr (3,50) ,uxivr (8,50) ,wyivr (3,50) ,wz2nvr (23,18),

Swxnvr (28, 18) ,wynvr (28, 18)

cemmen/cvind/haln (24, 24) ,hn2n (24, 24) ,harmtl (24)  hazned (24) ,hamat3 (24)
common/parm/iwr,ird, itrace, Ipsen,nmes, itrew,itrell,itrcls,itreg,
Eitrent,itref,iplot,icgen,iplotv,itrsg,ivergr,itest,iszmeb, issmat,
glims,linml,lim2,niter,itrans, ipn,jpuncn, iplotw, isw, icont,iplotg,
sipr,iplott
¢cemmon/geca/nbldsl,nblds,sigma, fmu, etan(25) ,knnvr,2tai (6) ,knive,
Cltwist,thetad(25) ,theta(25),thetac (24), thetad, that0d, alphas,
8cd0,cdk,dpsind,dpsin,dpsiid,dnsii,coeff,coeffl,c,s,blades,
¢nnvr,nnva,nnve!,nnval,nner,nnea, etanv(25) ,etanc {26) ,
snive,niva,nivri,nival,nicr,nica,etaiv(g) ,etaic(?},
&Entva,ntval,ntea,fpsl,fps2.nril,ari2,irll,irl2, icsdol

cemmen /rasul/gamme (26) , twx (24,24) o twy (24, 24) , twz (25,204) ,
Swxe (24) ,wye (24) swze (24) ,wxne (26, 15) ,wyne (26, 19) ,w2ne (26, 19) ,
Swxic (9051) .NYiC (9.51) oHZ?C (905” WDV (28- 18) tnv (289 18) ]
twznv (28. 18) .Hl’iV(B,SO) WHEIV (8u5°) .WZiV(S.BO) ’
¢xnc (26, 19) ,ync(26,19) ,2nc (26, 19) ,xic(9,51) ,yic (9.51) ,zic (9,51),
?Xﬂ\‘l (28, 18) pynv (28, 18) ,2nv(28,18) .xiV(B.SO)’.YW (3.50) o2iv (8-50) ’
8ia,ib -

common /vel/x,y,2.ux,uy,uz,x1,y1,21,x2,y2,22,x3,y3,23,%4,Y4,24,
§gm,gral, gm2,dem, i t,rho,2af,tl,epsl,epa2, stre, jgn

commen /vort/gnln(24) ,gm2n(24) ,gmli (5) ,qm2i (5) ,
égalmel,gammt2, gsmmt3, gammth

dimension wzr (1,6) ,

dimension wxce (2L} ,wyce (24) Jwzee (24)

dimension wxcea (2L) ,wyeea {(24) ,wzeca (24)

common/rollup/cg,icg,p,q .

equivalence (nnvr,nncrl), {nive,nicrl) . (nava,nncal)

equivalence (niva,nical), (nnvrl,nncr2), (nivri,nicr)

data Ixc,lye,lze/"WXC ", "WYC ","WZC v/

data lIxca,lyca,lzca/"WXCA", "WYCAY,"WZCA"/

entry vindb2 (k,ikk)
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#  CALCULATION OF THE
#t

INFLUENCE COEFFICIENTS

fri2l=iri2-1
irl122=irt2-2
savisgm

save=dagn

nbi=nblds
tt(it.eq.3) nbimi
ift{k.eq.l) go to 101
nner3=nncri-1i

do 1 jw=l,nncrl

goto (11,12,13),k

»

NEAR WAKE, SURFACE ELEMENTS

n .

continue . ;

i1f (hoin(ikk,j) .eq.0.and.tm2n(ikk,]) .eq.0) goto 1
gm=. 5% (hain (ikk, j)+hm2n(ikk, )

dgme.5% (hm2n (ikk,j) ~haln(ikk,]})

gmegnt.§
demadgn%, 5

do 3 kkwl,nner2
do 3 jj=i,2
x=xnc (kk+1,i])
y=yne (kk+l, i)
2=2ne (kk+1,3])
cem},

syuQ, .
do 3 nwi,nti
call wxyz

79

ORIGINAL PACS 1B
OF POOR QUALWY -

® ROTATICH OF THE VELOCITY VECTOR OF- - (N=1)22.4P|/BLADES

twx (kk, j) =twx (kk, j) +ux*ccvuytss
twy (kk, j) =twy (kk, j) +uy*cec-ux#ss
twz (kk, j) =twz (kk, j) +uz

*

% ROTATION OF ThE POINT OF +2.%PI/BLADES
savex
X®=SaVRC~ylte

_ y=sisaviyne

*  JHCREMENT CCSS OF 2.xP1/BLADES
saveee
cereehe=ssis
ss=ayiedsavis
continua

]
goto 1

*

* NEAR WAKE, SEGHENT EZLIMENTS

R
continue
if(ikk.eq.l.and.hammzt(j) .2a.0.) goto 1
if (ikk.eq.nnvrl.and . hamatz {j) .eq.0.) goto 1
gm=hammt] {j)
if (ixk.eq.navrl) gmahamnt2 ()
geto 20

*

®

v .
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cn
c N
101

Ly

102

continua

i€ (hmli(ikk,}).cq.0.3nd. 021 (ikk,]) .¢q.0) goto !
g, 5% (hnli (ikk, j)ehm2i (ikk,]))

dgme. 5% (ha2i (ikk, ) =hali (ikk,j))

goto 20

continua

do & kkewl,nncrd

xsgtanc (kk+l)

y=0.

=0,

cemi, ¥

» sso0.

do & n=l,nbl
eall wxyz
twx (kk, j) mtwx (kk, ]} +uxtcctuyrss
twy (kk, J) otwy (kk, J) +uytcc-uxtgs
twa (kk, j) otwz (kk, j)+u2
savex
xesavac-yls
yasksaveyfic
savece
ccuccre=gsts
$8a33RCrIavag
cantinue
continua
Grosavl
dgoegavd
go to iC2

#

ROLLED UP VORTICES

gzeql

if(ikk.cq.irl2) gz=qh
1#(ikk.cq.irl2l) cgoeq3
if({ikk.eq.ir122) ¢z==q2
do LL kkel,nnece2
xwatzne (kk+1)

M.

2=0Q.

ccwl,

-35=0,

do 44 n=l.nbl

call wxyz

wxctr (kk) swxctr (kk) +uxacetuyrss
wyetr (kk) swyetr (kk}+uyscc-uxass
w2ctr (%k) =wzetr (kk) +uz
savex

X®3avig-yisg
ymghisavtyng

savece

ccucchg-ssg
SSWSShicTEavas

continue

gmmzav]

dgm=sav2
it{itreat.eq.0)return
if(itrent.co.0) return

80
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[ *®

¢ % CONTROL: VERIFICATION OF THE INFLUENCE COEFFICIENTS

¢ 2]

if(k.ne.1} goto 302
do 301 kksl,nner2
do 301 jj=1,2
x=xnec (kk+1,j]) ot
yeyne (kk+1,]) - orF #o0R
z=2nc (kk+1,jj) .
ccml,
8520,
do 30! n=i,nbl
call wxyz
wxce (kk) ewxee (kk) + (uxtcetuynss) .5
wycc (kk) =wyce (kk)+ {uyxce-uxtss) 2.5
wzce (kk) mazce (kk) +uzt.§
savex
X=gavAc-yiy
y=shsavtyhe
gsavwce
cemechc-gshs
ssescsitchsavie
3101 continue
return

pagz 3
e Q?J}iuﬁ’ 4

302 continue
do 304 %k=,,nncr2
x=etanc (kk+1)
y=0.
z=0. ' :
cec=l.,
s3=0, .
do 304 awi,nbl *
call wxy2
wxce (kk) =rxce (kk) + (uxacctuyinss)
wyce (kk) =wyce (kk) + (uy®ce-uxtissg)
wzce (kk) wwzee (kk) +uz
sav=x
X=savic-yrs
y=8savtync
savece
¢cmcehe-ssis
$segsfictsavis
104 continua
¢ %
return
%
%
BAR AR LA AR AR AR RERARNINRRTALANR
%

O 000

entry vindn2 (k1.k2)
P

: VELOCITIES INDUCED ON THE NEAR WAKE CONTINOUS VORTEX SHEET
< .

o0

nbi=nblds :
if(it.eq. 3)nbl-l
do 1§ il=i,nnecr!
do 15 jl=kl,k2




o000
L 2R - A -

3000

5011
3001

5010

[ *

(4]
%

rwrne (il §l) sane (i1, j1)+uz \““G

xoxnc(if,j1) ' 22
yeync(il,j1) :
zoznc(il,j1)

CCBX.

83=0, °

do 15 nal, nbl

call wxy2z .
wxne (i1, j1) ewxne (11, ]1) +uxtectuyses . 9$¥><<Q

. rwyne(it, j1) swyne (i1, j1) +tuyrce~uxnss *9.\.? \\?} -

: AN (ﬁ‘cl

gsavex . cﬁ.e°

X=2avac=y#as

y=sfgaveysc

savaece

cemceche~soky

ss»3snctaaveg

continue

raturn

VELGCIT!ES IKOUCED AT THE NODES OF THE ANTICIPATED MEAR WAKE ROLLED up
VORTICES

entry . ‘ndnl2(k1,.k2)

nbl=nbicsa

jf(lteeq.3) ndil=}

1 p=0

do 5010 k3enril,nri2

do 5C10 jle2,nnva

xezav(k3,j1)

yeynv({k3,j1)

2WZINV (ks.j l)

ce=],

sa=0,

{p=Q

1f(x1.eq.x.0r.x3.eq.x) ips=2
if(yl.aq.y.or.y3.cq.y) ip=2

do 5010 n=1,nb!

if(it.eq.3) go to 3000
tf(n.cq.l.and.ip.eq.2) go ta 3001
call wxyz

1f{it.eq.8.0r.1t.eq.9) go to 5011
wiave (k3, j 1) swxnve (k3, f 1) +uxficctuynss
wynve (k3. 1) swynvr (k3, j 1) +uytce-uxigs
wznvr (k3. 1 ewanvr (3, j1) +uz

savex :

Xm3avic-yitg . .
yosfisavtyie

save=ee

cceccre-s3sg

Ss=3sichsaviiy

continus

return

VELOCITIES INDUCED AT THE NODES OF INTERMEDIATE WAKE ROLLED UP VORTICES

entry vindi2(k1,k2)

nbl=prbhids
if(it.eq.3)nbia}

.
t DT BRSO e b e i

ik ek b N

. .
S
A et i . st s

.-



do 5020 k3sirll,irl2
do 5020 j=2.niva
x=xiv(k3,j)
Y'Yiv(RB.J)
20zivik3,j)
ce=l, ‘
ss=0,
ipa0
if(xl.eq.x.or.x3.eq.x) ip=l
do 5021 n=l,nbl
if{it.eq.3) ¢go to 3002
tf(n.eq.l.and.ip.eq.1) go to 3003
3002 call wxyz
wxive (k3,j) swxive (k3,j) +uxtcctuynss
wyive (k3,])=wyive (k3,) tuytcc-uxtss
wzive (k3,j)=wzivr (k3,])+uz
3003 savax
x-sav*c-yﬁg
y=shgavtyke
gov=ece
ceseche-gang
scwggc+savits
5021 continue
5020 continue

return
&

REARRARRANARREAARXAARANARARAKAARAASA
%

VERIFICATICH OF THE (NFLUENCE CGEFFICIENTS

AND PRINT QUT

Do OOD

entry execn2
A

0

do LO4 i=l,nncr2

wxcca (i) =0.

wycca (i) =0.

w2scali) =0,

do 404 je=l,nnecr2

wxeed (i) =wxcea (i) +twx (i, ]) fgamme (j+1)

wycca (i) =wycca (i) +twy (i, ) *gamme (j+1)

wzcea (i) =w2cea (i) rtwz (i, ]) #gamme (j+1)
404 continue

write(iwr,100)
100 format (" ®#% EXECN #ax!)
write(iwr,110) I1xc , {wxecc (ki) ,ki=l,nncr2)
write(iwr,110) lye , (wyce(ki),ki=l,nncr2)
write(iwr,110) 1z¢ , (w2ce (ki) ,ki=1,nncr2)
write{iwr,110) 1xca, {(wxcca (ki) .ki=l.nner2)
write(iwr,110) lveca, (wycca (ki) ,ki=1,nner2)
write(iwr,110) 12¢ca, (wzcca (ki) ,ki=1,nncr2)
. return
[ %
RAALKAATLRRITRAN AR AAARARAR AL RALARKATAR
¢ %

(4]

entry inicn2

c «t
do 405 i=1,nncr2
wxee (i) =0.
wycc (i) =0.

83
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* CALCULATION QF THE VELOCITIES BY THE INFLUENCE COEFFICIENTS
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wz2ee (1) =0,

continue
return

format(lx.ab.!X.Gf!0.6./.6x.6f10.6./.6x.6fi0.6)

end
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L L 85 . DA T
subroutine indvel '
realsy {0

common /vel/x,y,z,ux,uy,uz,xl.y},21,22,y2,22,23,y3,23. x4, ¥4, 24,
égn.gml,gm2,dgm,it,rho,2pf,tl,ep3l,eps2,stre,jem

common /farc/eta (40) ,wx (22,40) ,wy (22,40) ,wz {22,40)
common/parm/iwr,ird,itrace, lpsem,nmes,itrew,itrcll,itrcl?,itreg,
Gitrent,itrcf,iplot,icgen,iplotv,itrtg,ivergr,itest,isamaeb,isamet, :
tlims,liml,lim2,niter,itrans,ipn,jpunch, iplotw,isw,icont,iplotg,
Sipr,iplott

L s . ot St S

coxmon/semi /dalz
c % qamnu!
data pi/3.141592653/ gramh PSE:;‘%
c % fpi : value of 1./ (k.*pi) OF FCCR Q Bl
. data fpi,twopi/.0795774L72,6.283185306/ i
" data -aa,bb,cc,dd/5.12160e-2,11.0501,~6.76976¢-7,.527592/
c * N .
c * e .
entry coord
save 2mod2,xct,yct,2ct,dx,dy,xx1,yyl,z21,2xx2,yy2,222,%xx3,yy3.223,
&§rmax2,ds,ds2,dsz,dsy,dsx, fva,epsi2
if(it.eq.2) go to 50
c R
¢ n surface element
gme=, 5% (gmi+gm2)
dgm=,5% (gm2-gm1)
epsli2n.25%apganl
c 2
agmi=abs {cnl)

agmiw=abs (gm2)
xctn(xl+x2+x3*<b)-.- .
yoto (yl+y2+y3+yn) .2
zct-(zl+:z+:3+z&)*.25 :
e * first unit veeter i
xxl=agml® (x3-x1)+agm2#n (x4~x2)
yylsegmlz(y3-yl) +agm2# (y4~y2)
Z2zlsagnln (23-21)+agm2= (24-22)
2modI=sqri (xx1%xxl+tyy ltyyl+221%221)
t21=]./zmodl
xxloxxletz]
yylsyylétzl
22lezz]t2]
¢ % second unit vector
xx2s (x2+x4~x1-x3)
yy2a (y2+y4-yl-y3)
222w (22+24-21-23)
2mod2=sqrt (xx2fxx2+yy2#yy2+222%222)
¢ * find v2 corrected such 3s vl.vZno
€ % we have vsakyl+bitv2
¢ % /Jvi/ml,/v2/=1.,/v/=]l, v.v2.9t.0 v.vi=0
dot=xx]¥txx2+yylhyy2+z21%z222
b=1./sqrt {zmod2nzmod2-dot*dot)
as-bitdot
Xxx2=alxx 1+bixx2
Yy2=ahyy 1+bityy2
222=m3%22 1+b222
223=xx1%yy2-yylixx2
XX3=yyln222-221%yy2
yyl=2zzltxx2~xx1%222

c %
¢ * dimensions of the elements
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mod2ezmaddn, S

dxozmod 1%, 5/ (agml+agm2)
dy=zmod2®.5
dswzmod1tzmod2/ (aqnl+agm2)
rn32aL0.xds

return

continus

xcto. 5% (1+x3) -
ycte, 5% (y 1+y3) - ‘C«
zeto, 5% (21423) ; Wi

LA sMs0eset e

" a- TR rlwsqrt(xlﬁxbkyl*vl)

o006
b -4

61
63

r3-sqrt(x3ﬁg§+73*73)
rO=, 58 (r1423)

dsx®, 5% (x35:21)
day=.5%(y3-y1)

dsz=.64 (23~21)
.AsIOdsx**2+dsyﬁ*2+dsz**2
fveeaps2tepeindsl
reax2=L,C0.2ds2

return

entry wxyz

ipr=5
1f{it.cq.h) ga to 88
if(it.eq.3) go to 77
dxxs=x=xct
dyysy-yct
d2zez-2Ct
rO2edixd424dyyan24dazial
if(it.eq.2) go to 2
if(it.cq.9) go te 2
geugn/zmadd
9V°d§ﬂ/(‘aad2*d7)
xpexxlftdxxbyy 1 fdyy+22irdz2
ypuxx2Rdxxtyy2itdyy+in2®d22
2pexx3tdax+yyIndyytz2ingze
1£(r02.1t.rmax2) go to &
r03sr022sqre (ro2)

. tedsafpitge/ro3

wyp==f%2p
wzpafayp
go to 10
continus

correction of 2zp

2pp=2zp '

1f (abs (zp) .gt.0.1) go to 63
1f{2p) 60.61,61

2pu=sqrt (2prul+eps12)

go to 63

zpesqrt (z2pan2+eps12)
continue

Xlpexp+dx

FU
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215

o1
93

Su
. 96

226

tim=xp-dx

ylp=yptdy .
ylimsyp-dy
xip2axipaxip
XIm2=ximtx1n
ylp2=ylpiylp

Y Im2=y lgty Im
le-zﬁ*zg ’

rlesgrt (Xlp2+ylp2+212)

- Q}_f:\\‘é's
r2esqrt (xim244lp2+212) Qggggaai.i;?«é;ﬁq
r3ssqrt(xipi+ylm2+212) or (;’»L*%R Q‘:}Ao

riesqrt (xIm2+y Im2+212)
arglerdizpixiptylip-rltzpaxintylp -
arg2=r ) k2pAx1pRy Im=r3fzptxinty Im
arg3erlfr2nzi2+xiptximty Ip2
argh=rdfir, 2124 i pfix imXy Im2

argj=arg3targl

sigf=i.

o if(arg7.1t.0.) sigfm-1,
argSesigfa(argl®argql=-arg2narg3)
argé=sigfs (arg7+arglaarg2)
aji=aton (arg5/arg6)
if(argl.gt.0..and.arg3.1t.0.) ajl=ajl+p}
if(argl.1t.0..and.arg3.1t.0.) 2jlmajli~pi
if(arg2.gt.0..and.arg4.1t.0.) ajl=aji-pi
if(arg2.1t.0..2nd.arg4.1t.0.) ajl=ajl+pi
It (arg5.0t.0..2nd.arg6.12.0.) aji=aji+pi
if(arg5.1t.0..and.arg6.1t.0.} ajl=ajl-pi
aj2ealog ((xip+rl) #(xlmry) / ((x1mbr2) 2 (xip+r3)))
kover=0
1#(2bs(aj2) .1t.5.03) go to 215
aj2=sign(5.03,aj2)
kovarskover+l
continue
tp1=0.00001
if (abs(ylp+rl) .1t.tpl) go to 91
if(abs (ylm+r3) .1t.tpl) go to 91
ajpl=xlp*alog ((ylp+rl) / (ylmtr3))
go to 93
ajpl=0.
if(abs(ylp+r2) .1t.tpl) go to 94
if (abs (ylm+ry) .1t.tpl) go to G4
ajp2=aximralog ((ylp+r2) / (yimtrh))
go to 36
8jp2=0.
aj3=ajpl-ajp2 .
if (kover.ne.0) write(g,226) kover,

EXeye2x1oy1,210%2,¥2,22.%3,¥3,230 %00 Y4, 244XP,YPo2P.F 1. P2, r3,rh.dX,

&dy,aj2,2aj3
format (//1x,"* control point is too close to the edge
&sheet = kover-",iZ/Sx.9f30-6/SX.9f10.6/5x.6fl0.6.2e15.6)
argl=zp® (xip+ylp+ri-xim=ylp-r2)
argl=zpt (xlpt+y Imtr3-xim-yim-rg)
arg3=212+(xlp+ylp+rl) # (xIm+yip+r2)
arg4=z12+ (xip+ylm+r3) # (x Im+y latry)
argl=arg3targy
sigfu=l,
if(arg7.1t.0.) sigf=-t,
args=sigfr(arglrargh-arg2targ3)
argé=sigfs(arqi+arglrarg2)
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337

334
7

c
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» ¥ %R

bj3=atan (arg5/argt)

if(argl.gt.0..2nd.arg3.1t.0.) bj3=bj3+pi
if(argl.it.0..2nd.arg3.1t.0.) bi3sbj3-pi
1f(2rg2.0t.0..and.argh.1t.0.) bji=bj3-pi
if{arg2.1t.0..and.argh.1t.0.) bpjl=bj3+pi
j¢(arg5.9t.0..and.argh. 1t.0.) bj3=bjI+pi

if(arg5.1t.0..and.arg6.1t.0.) bj3=bj3=pi

2)j3=aj3+2.%2pubj3 :

wyps=-fpi#(gcsaj1+gv (yphajl+2pntaj2)) 2 (212-eps12) /212
wzpasfplit(genaj2+gvs (yphaj2+ajl)) ~

vclcc(tics in tha genaral systea of coordinates
b uXTWypRXX2+W2pEXX 3

uy=4yphryy24waphyy3
UZeWypR2224wW2pRzz]
raturn

concetrated straight vortex element ' ?Q';;S{Q

continua o e
dsmx=dsavdyy-dsytdaz . Cﬁ
domysdaxtdaz-daandxx

demasdsyndax-daxadyy

denledsmxtdenx+denyrdeny+danziden

if(dsm2.le..1e=-20) go to 113
fvdssfva/dsn2

fo=1, .

r03=r02fiagrs (r02)
if(r02.gt.rmaxl) go to 7

# zcro induced vclocity on vertex jtsalf

%
%

if(r02.1¢..12~20) go to 113
2o= (dxxtdsx+dyysdsyrdzzdsz) /r02
if (abs(a=1.) .1c..001) goto 113

" alpha2eds2/r02

slpaamalphal=-a%3

if (alpha2+(2.23) .1t.~l.or.alpha2=(2.%a) .1t.~1.) goto 113

i1f(abs (alpas) .le..le=15) go to 334

sqla=sqrt(l.+2.%2a+alphal)

sq2zmsqrt (1.-2.%2+alpha)

1f({{sqia.le..1¢-20) .or. (qua.!e..le-zo)) write(6,337) sala,sq2a,x,

8yszoxl,yl,21,23,¥3.23

format(///Ix."*tovcrflowﬁk".3x."=qla.qua“.2a15.5/3x."x.7.2".3e15

§.5/3x,"x1,y1.21,x3,73,23",6015.5)

if(sqla.le..10=15) sqla=aqla+0.0001
if(z32a3.10..1c-15) 3q22°3q25+0.0001 -
10=((alpha2+a) /sqla+ (alpha2-a) /sq2a) / (2.%alpaa)
go to 7

10=1./((1.-aia) #22)

facts~i0%fpifgna2,/r03

induced velocity multiplied by 1.(1.+(eps2/rho) #x2)
=],/ (1.+fva/dsm2)

¢ % 2ero induced velocity on vortex line itself

if(dsm2.1t..1e=20) go to 113
fvds=fva/dsm2

factmfact/ (1.+fvds)
ux=factidsmx

uysmfactidsmy

uz=factitdsmz

raturn

";Jw.'-.-"
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89

113 ux=0.
uy=0,
vz,
return

> % N

semi infinite ¢ylinder
continue )
contlinue

ODINO OO
0 ~3

. QMCNSM PFC:. E3
" : oF 7232 ¢! ALre
‘ataresqrt (xan2+ynn2)

zpez2pf-2
uzl=0,
do 1000 k=i, 10
psr=, 1571+ (k=-1) #0.3142
ul=rho®rhototartetar+zpt2p-2#rhottatartcos (psr)
" u2narho®Q.3142% (rho~ ctar*cos(psr))/(etar*ctar+rhokrho—zﬂrho*etarﬂ
# seos(psr)) %(1.-2p/ (zqrt (ul)))
uzd=(gm/12.5654) #u2+uz!
1000 continugs
uzm2t] . tyz21/delz
sqr=(hretararho) / (2pan2+ (rhot+etar) ##%2)
sqrrocqrt (sqr)
squl.-sqgr
sqrp=sqrt (sq)
sqrpp=sgrpht?
if(sqr.eq.1.) go to 1001
capksiog(b./3qrp)+0.25%(1og (h./sqrp) =1.) #sqrpp
ewl.+.5%(log (4./3qrp) -.5) *sqrep .
go to 1002
1001 capk=10.0
e=1,0
1002 uh==(2./2 qrr)*sqrt(rho/ctar)*(capak\2.~sqr) -2.%ea)
ps=atan2 (y,x)
ux= (uh*1.%cos (ps) ) ®gm/ (12.5664%dez2)
uy= (uh#1.%sin(ps)) *gm/ (12.5664%delz2)
return
end
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- subroutine wnofe2 _ . 90
&Aﬁﬂgﬂqﬁﬂngaﬂa*aﬂa*aﬂa
] : %
& PROGRAM FWC % , \S
& : ® &_?F&ybqvi
# SUBROUTINE WNOFC2 # GRPe QIR
®

3
" Cﬁ; 00
BARRARLALSNARAIAAASRANY 0

T aye

CREEN

EVALUATION OF THE INDUCED VELOCITIES AT THE NOODES
BY INTERPOLATION OF THE VELOCITIES INDUCED AT THE CENTERS
AND IHTERPOLATICN HEW/OLD DISTRIBUTION OF INDUCED VELOCITIES

ENTRY INIWN: EVALUATION OF THE INTERPOLATIGN COSFFICIENTS

cemmon/lzmb/vwis
common/rol16/61,62,93.qk, iw
common/rall1/hanmts (26) ,hamats (26)
common/ali/egl,cg2,cq3,cgh,ir
comon/roll2/wzivr (8,50) ,wxivr (§,50) ,wyivr (§.50) ,wznivr (28,18),
swxnvr (28, 18) ,wynvr (28, 13) v
cemnon/parm/ivr, ird, i trace, Ipsen, nnes, itrew, itrell, itrel2,itreg,
Sitrent,itref,iplot,icgen,iplotv,itrig,ivergr,itest, isameb, isamet,
6lins,linl,1im2,niter, itrans,ipn,jpunch,iplotw,lsw,icont,iplotyg,
Sipr,iplott
cemmon/gecm/nbldsl,nblds,sigma, fmu, atan (25) .knnvr,etai () .knive,
Sltwist, thetad (25) , thata (25) ,thetac (24) , thetal, thatOd, alpnas,
§cd0,cdk,dpsind,dpsin,dpsiid,dpsii,coeff,coaffl,c,s,blades,
&nnavr,nnva,nnvrl,nnval,nncr,nnca,ctanv (25) ,atanc (26),
énivr,niva,nivri,nival,nicr,nica,etaivig) .ctaic(7),
éntva,ntval,ntea,fpsl, fps2,nrit,nrl2,irit,irl2, incdel
cexmmon /resul/gzame (26) , twx (24, 24) , twy (24, 28) , twz (24,20) .
Bwxc (24) ywyc (24) ,wze (24) ,wxnc (26, 18) ,wyne (26,19) ,wznre {26,19) ,
Bwxic(9,51) .wyic(9,51) ,wzic(9,51) ,wrnv (28,18) ,wtnv (28,18),
Swznv (230 18) ywriv (8950) iV (8050) w2iv (8050) ’
&xnc (26,19) ,ync (26,19) ,2ne (26,19) ,xic (3,51) ,yic (9,51),2ic(9,51),
?xnv (280 18) Wynv (289 18) 20V (28' 18) OXiv(Blso) oYlV(B-SO) oZiV (8.50) .
&la,ib .
common /cwnof/aan (25) ,aai (25) ,icb{25) ,acb (25) , jeb (26) ,beb (26) ,
8icc(?) ,2ce(7) ,jee(3) ,bee(3) ,frn,ftn, f2n
common /wndata/wxnvt (28, 18) ,wynvt (28, 18) ,wznvt (28, 18)
&,wxivt (8,50) ,wyivt (8,50) ,wzivt(8,50)
T common /saviw/twyt (24,24) , twzt (24, 2L)
ccmmcn/tipco/wxn:l.wyntl.wznt1.wxntz.wyntz.w:ntz.wxntp.wyntp,wzntp
dimension wrnvt (28,44) Jwenve (28,44) ,wrivt (8,50) ,wtivt (8,50)
dimansion rs(28,50)
equivalence {nnvr,nncrl), (nivr,nicr!), {nnva.nncal)
equivalence (niva,nical), (nnvri,nncr2), (nivrl,nier2)
equivalence (wxnvt(l,1) ,wrave(1,1)), (wyave (1,1) ,wtave (1.1))
equivalence (wxivt(1,1),wrivt(l, 1)), (wyive(l,1) ,wtive(1,1))
data laan,laai,licb, lach,ljcb/" AAN"," AAl',“ 1CB™, " ACB"," JcBn/
data lbcb,lice, lace, 1jee, tbae/™ B8C3", " 1CC"," ACCY," Jegn, ™ oacer/
data lxnv.lynv.lznv.lrnv.ltnv/"HXNV"."NYMV"."NZNV“."WRNV"."HTNV"/
data lxiv.lyiv.lziv.lriv.ltiv/"HXlV“,“HYlV"."HZIV","NR!V"."WT!V"/
-data ltwy, owz/"TWY ","TWZ 't/
data dps2,fpi/100.,12.566371/
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%

*
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» % 2%

* B N X

entry iniwn2

. .if(isamet.cq.l) return

-, . . . . - p
INTERPOLATION COEFFICIENTS ©F Fo0R QUALITY

, .
COEFFICIENTS -AAMN : NODE | VS. CENTERS | AMD 1+1
FOR THE NEAR NAKé. RADIAL DIRECTION
do 50 i=i,nnvr
aan(i)=(etanc (i+1) ~etanv(i))/(ctanc (i+1) ~etanc (i)})
continue )

do 51 i=l,nivr
azi (i)=(etaic (i+1) -etaiv(i)) / (etaic (i+1) -etaic (i))
continue

COEFFICIENTS ACB AND THE CORRESPONDING ADRESSES i1CB ¢
HODE | OF THE NEAR WAKE VS. THE CENTERS 1CB(1) AND 1CD(1)+%,
OF THE INT. WAKE (RAOIAL DIRECTION)

do 52 i=l,nnvr '

et=etanv (i)

do 53 il=2,nicr

if(et.1t.etaic{il)) goto 5I

continue

ieb(i)=il=-1

ach (i) =(etaic (i1) -et) /(etaic(il) =ctaic(il1-1))

continhue

COEFFICIENTS BCB AND THE CORRESPONDING ADRESSES JCB @
NODE J OF THE TRANSITION WAKE VS, CENTERS JCB(J) AND JCB (J)+1
OF THE INTERMEDIATE WAKE, AZIHUTAL DIRECTION

do 55 j=ntca,nnva

et=(j-1} *dpsin

do 56 j1=2,4

eti=(ntva-1) #dpsin+ (j1-1) *dpsii-dpsii*.5

if{et.1t.eti) goto 57

continue

jeb(G)=ji-1

beb (j) = (eti-et) /dpsii

continue

COEFFICIENTS BCC AND THE CORRESPONDING ADRESSES JCC ¢
NODES J OF THE INT. WAKE VS. THE NODES JCC(J) AND JCC (J)+1
OF THE NEAR WAKE (AZIMUTAL DIRECTION )

do 588 i=1,nivr

et=etaiv(i)

do 59 i1=2,nnvr

if(et.1t.etanv{il)) go to 6C

continue

ice(i)=il=-1

ace (i)=(etanv(il) -ct) /(etanv(il) -etanv (i1-1))

continue

do 6! i=1,3
et= (htva-1) *dpsin+ (i~1) *dpsii

e ar . : . e -~ ek NP
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do 62 jl=ntea,nnva _
eti=(j1-1)=dpsin
it(j.eq.l.2nd.jl.eq. ntca.or.et.it.eti) goto 63

62 continue
63 Jee(j)=ji-t
bee(j)=(eti=-ct) /dpsin o
61 continue :
TEL R e, P A(- %&?&G’;"ﬁ
""-‘i\ i1 oo 1€ (iteace.eq.0) return GN OQQ“
" weite (iwe,200) 0% 0%
200 fornat (" %A% INIWNOFC #aaY) o
iwrite (iwr,101) 1aan, (2an (i), i=i,nnvr)
" writa(iwr, 101) 12ai, (aai (1), i=l,nivr)
weite(iwr,102) licb, (icb(i),ial,nnve)
wrlte(iwr.lOI)lacb.(acb(i).inl,nnvr)
writa (iwr,102) 1jeb, (jeb (i), iontca,nnva)
write (iwr,101) Ibeb, (beb (i), i=nteca,nnva)
write(iwr,102) lice, {ice(i),iml,nive)
writa(iwr,101) tace, (ace(i),i=l,nive)
write(iwr,102)1jce, (Jee(i),i=1,3)
write (iwr,101) Ibee, (bee(i),i=1,3)
roturn
[ ®
€ ANARRARRAARAARAAXAAARAARAARARAREERASAAAARARAARRRRANRARS
[ &
70 continue
c % . »
c 2  |NTERPCLATION O0F THE VELQCITIES
[ X
c ®  A) INTEZRPOLATIOM OF THE VELOCITIES INJUCED AT THE CENTERS
¢ * QOF THE NEAR WAKE 1 TO NNCA TO THE NQDES 1 TO NHVA
' do 1 i=!,nnvrl .
do 1 j=1l,nnva
aw=gan (i)
l"'l.'a
wxnvt (i, j) = ((wxnc(I.J)+wxnc(|.J+l))*a+(wxnc(‘+x.j)+
gwxne (i+1,j+1)) ®al) &.5
wynvt (i,j) = ((wyne (i, ) +wync (i, j+1)) 2a+ (wync (i+1,]) +
gwyne (i+1,j+1)) *al) #.5
wznve (i, j)=((wznc (i, J)+wzne (i, j+1) ) *a+ (wzne (i+1,j) +
&wzne (i+1,j+1)) ®al) .5
1 continua
a=aan (nnvrl)
al=al.=a )
wxnvt (navrl, 1) =wxntp+ (wxne (nnvri, 2) =wxntl) 2+ (uxne {nnerl, 2) ~wxnt2) *al
“wynvt (nnvrl, 1) swyntp+ (wyne (nnve 1, 2) =wyntl) #a+ (wyne (ancr1,2) ~wynt2) *al
wznvt (nnvrl, 1) swzntpt (w2ne (nnvrl,2) =wzntl) ®a+ (wzne (nneri, 2) -wznt2) #al
if(ltrew.ne.2) goto 10
write(iwr,179)
179 format (12 WNQFC #%® VELOCITIES AT THE NODES OF THE NEAR WAKE')
do 11 j=l,nnva
write(iwr,103)
write (iwr,101) 1xnv, (wxave(i,j), i=1,nnvr)
write(iwr,101) lynv, {wynvt(i,j),i=1,nnvr)
write (iwr,101) 12nv, {wanvt (i,j),i=1,nnvr)
11 continue
c ft . .
¢ % B) INTERPOLATIGN OF THE VELOCITIES AT THE CENTERS 1=2=3~}
¢ %  (AZIMUTAL POSITIONS OF THE INT. WAKE) AT THE NODES OF THE NEAR WA
c * FROM NTCA+! TQ NKCA

PR ONTIRRENPISINGTIP- B
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10

178

13
12

200C
1001

Lo

if(itrans.eq.0) goto 12
do 2 i=],nnvr
timicd (i)
&=ach (i)
als=l.-a )
do' 2 j=nteca,nnva .
Jimjeb () Vit et 19
bebeb (j) OF POOR QUALITY
bl=], =
1£(j.eq.ntca) b=0.5
wxnve (i, ) swxave (i, §)+((
Swxic(il,ji) movwxic(il,jl+1)abl) no+(
Swxic (il+l,j1) abewxic(il+],]1+1)Ab1) ral)
wynvt (i, j)ewynve (i, j)+(( '
Gwyic(il,jl) abtwyic{il,ji+1)abl) mas(
wyic(il+l,j1) abewyic(ii®l,j1+1) 2bl) 2al)
wznvt (i, ]) =wznve (i, J)+ ((
wzic(il,ji)abvwzic(il, jl+1) &#b1) ro+(
Ewzic(ilel,jl) abtwzic(i1+),j1+1) nbY) ®al)
continue
if{itrew.ne.2) goto 12
write(iwr,178)
format (" INODES NTCA,NNVA, AFTER ADDITION CF THE VELOCITIES®,
&" INDUCED ON CEHNTERS 1 TO 4 COF THE INT.WEY)
do 13 jwntca,nnva
writs (iwr,193)
write{iwr,101) Ixny, {wxnve(i,j),i=l,nnvr)
write (iwr,10!) Vynvy, (wyave(i,j),i=l,nnvr)
weite (fwr,101) 12nv, (wanvt(i,j) ,i=l,nnvr)
continue

ideb=g
TOTAL INDUCED VELOCITY AT INTERMZDIATE WAKE

if(itrans.eq.0) idebwi

nri2i=nriz-1

nrl22=nrt2-2

irt2i=iriz-1

irl22=iri2-2

do 1C0! i=iril,irl2

do 2000 jw=2,niva

rs (i ) asqreixiv(i,j)axd+yiv(i, ) nn2)
if{l.eq.irl1) gmi=ql

if(i.eq.ir122) gmieq2

if(i.eq.ir121) gmi=q}

if(i.eq.irl2) gmi=qy
wzive{i,j)ewzive (i, j)+{gmiswis) /(4#3.14159%rs (i, j))
wxive (i, j)=wxive (i,])

wyive i, j)=wyive (i, j)

continue

centinue

TOTAL 1KDQUCED VELOCHITY AT HEAR WAKE

do 5016 i=nrit,nr12

go 5316 i=2,nava

re (i, Y =sqrilxav (i, j)aadeyny (i, j) #n2)
iflieq.nrll) gui=gl

if(i.eq.nr!22) 4mi=g2

93
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555
666

m
883

—~OOOnDO0ONn

460

333
bbb

24
if(i.eq.nrl2l) gnieg) A
ift(i.eq.nril) gmieal
wanve (i, j) mwznve (i, j) +{gmitwis) /(L3 14153%ra (i, )
wxnvt (i, j) swxnve (i, })
wynvt (i, ) ewynvr (i, ) . @

continua ‘-P""ﬁ‘l

da 111 Ie2,nner? o
if(etanc(i).gt.col) go to 222 001. o
ivolai

polimcql~atanc {inol)

fbollsibol~}

pollwetanc (ibol+l) ~atanc(ibol)

wanvt (nril, 1) ewze (iboll)+(wzc(iboll+l) ~w2ze(lbolt) ) a{poll/nal2)
wynvt{nril, 1) swyc (iboll)+(wyc(iboll+l) -wye(iboll)) a(poll/pol2)
wxnve {nrl1l,t) owxe (iboll) +(wxe (Ibollel) ~wxe(iboll)}) #{poll/pol2)

do 333 i=2,nnertl
if{etanc(i).gt.cgl) go to L4

" boldmi
~ poll=(cg2=etanc (ibold))/ (atanc (ibo2+1) ~etanc (ibo2))

{bo2lemibo2~1

wznve (nrl22,1) seze (1021} + (w2e (iho21+1) ~wze (iBo21)) #pol}
wynvt {(nr122,1) meyc (ibo21) +(wyc (ibo2141) ~wye (ito2l) ) 7201}
wxnve (nr122,1) mwxe (iboll) + (wxc {(ibo2i+l) ~wxe (ino2l}) *pol}

do 555 i=2,.nncrt

if{etanc{i).gt.cgl) go to 646

ibole;
rolu=(cg3~etanc(ibel)}/(atanc {iba3+1) -etanc (Itol))
ibollmibol-]

wzavt(nridl,l) ewze (iko3l) +(wzc (ito3l+l) =wzc (ibolt)) rooll
wynvt (nri2l, 1) ewyve (ito3t) +(wyc (iboJi+1) =wyc (itod!}) #zoll
wxnve (nr121,1) owxc (ibodl) + (wxe {ibodi+l) wxe (ibo3l) ) fpoll

do 777 1 =2,.nnert

if{etanc(i).gt.cgs) go to 838

ibok=i
po|S“(cgh-et°nc(i*oh))/(ctanc(lbou+l)-e'anc(abou))
ibokl=idoy~1

wznve (nrl2,1) swze {ibolkl)+(wzc (ibokl+l) ~wac (ibot1)) 4pol§
wyavt (nri12, 1) swyc{iboll)+(wyc (ibo41+1) ~wyc (ibokl)) #pol5
wxnve (nr12 1} swxe (iSoL 1)+ (wxc (iboki+1) ~wxe (ibokl)) #pol§

RARRARRARRRALAASAARAARAARDARAAARRANRAARIAAARR

®
]
n

TRANSFORHATION : RECTANGULAR TO POLAR COORDINATES
OF THE VELCCITIES INDUCED AT THE MODES

continua

if(itrew.eq.2) write{iwr,460)
format ("1#%%# WNOFC ana: VELOCITIES AT THE NQDES, POLAR COOR.™
do 45 j=l.nnvs

do EO iwnrll,nrt2
wxxwwxavet (i, j)

wyyowynvt {i.j}

xxwxnv (i, j)

yyeynv (i, )

rwsqrt {xxitxz+yytyy)

wenve (i, j) = (xx‘mxxryytuyy) /r

L e —
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L5

L6

0000600600000

Lo I o Y o
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(3]

951

*

wenwvt (i, j) = (=waxtyydwyynxx) /e 95
continue

if(itrcw.ne.2) goto LS

write (iwr,103)

write {iwr, 101} trnv, (wrave (i, j) ,inl,nnve)

write (iwr, 101} 1tav, (wtnvt{l,j) ,i=l,nnvr)

continue CRIGINAL PACE (3
do LG j=2.niva ‘ OF #0001 QUALSTY

ao 81 imirll,irl2

wxamwxive (i, )

wyyswyivt (i,j)

xxexiv(i,j)

yyoyiv{i,j)

rogqrt Luxtxxeyyayy)

weivt (i, j) = (xxtwxxeyytwyy) /r
wtivt {i,j) = (~wxxtyyswyynxx)/r
continue

if({itrew.na.2) goto ub
write(iwr,103)

write (iwr, 101 briv, (wrive(i, J)dmirlt,ir12)
write (iwr, 101} 1tiv, (wtive(ij)imirll,irt2)
continue

wrivt{iril,1)®=wrnvt (arit,nnva)
wtivt(irtl,)ewtavtinrll,nnva)
weivt (ir12,1)srenvt(nel, nnva)
wtivt{irt2,l)ewtnut{nri2,nnva)
w2ivi{irl2, ) =yznvei{nrld.nnvs)
w2ivt(iril. ) awznvt(nr 1], nova} "
wrivt (iri2l, ) mernvt{nr!2!,nnva)
wtivt (iri21, 1) swetavs(nri2l.navai
w2ive (ir121, Dewznvt(nrili,nnva)
welve (Ir123, Hwwrnvt (ne 1223, anva)
wiivt (ir122,. ) stnveinrl 22, nnvy)
w2ive (ir 122, D wwsnvt {nr122,.nnva)

ARANAANRARINANARARAARARUARIRAARRAAXATNRVASAAAARARA

L]

]
T
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INTERPCLATION QF THE ‘OLU’ AND TME ‘NEW‘ DISTRIBUTIONS
OF VELOCIT!ES

if(itrew.ne.0) write(iwr,462)
format ("IN WNOFC ant : VELOCITIES AT THE NCODES )

WEIGHTING FACTORS FQR THE ‘NEW' AND THE ‘OLD’ VELQC'TIES

fras, |

ftne,?

fons,3

if{niter.ga.3) goto LS

frne. 5

fires, 3

fan=,5

if{nitar.eq.2) goto 49

frn=,%

{tne,q

fzne, 5

contines

iflitrcqure.d) write(iwr, 08 fen, fin, fon
forrat (' 583 WelGHTING FAITORS: FRN,FTNLFIN . 306.2)
frvel.frn
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500

91
501

92
90

ftyel . ~ftn
favel.=f2n

do 47 j=l.nnva
do 43 ienrll,nrl2
wrnv (i, J)owrnve (i, j) v erndwrav (i, j) nfry

wenv (i, j)ewenve (i, j) aftnswtnv (i, j) #ftv
*wzav(l,j)ewzave (i, ]) #f2newzav (i, j) ffzy

go to 43

wrov(l, j)ewrnve (i.])

wenv (i,])swtave (i,])

wzav (i, ]) =swznve (i, j)

continue

i#(itrew.eq.0) goto 47

writa(iwe,10)3)
write(iwr,101) trav, (wenv (i, ]}, i=1,nnve)
write(iws,101) 1tnv, (wtnv(l,]) ,i1=1,nnvr)
write (iwr,101) 12nv, (w2nv (1, j) ,i=i,nnvr)
continue

do 48 j=t,niva

do L& i=irli,irt12
weiv(i,J)swrive (i, §) afratwriv(l, j) ofry
weiv(i,f)eweive (i, j)afentwtiv(i,j)afey
wziv(l,J)mzive(i,j) afzmwziv(i.j) afzv
go to L4

wriv(i,j)earive(i,])
weiv{i,j)=tive(i,]}
w2iv{i,j)ewzivt(i,])

continua
if(itrew.eq.0) goto 4B
write(iwr,103) .

write(iwr,101) lelv, (weiv(i, ) iairtl,ir12)
writa(iwr,101) 1tiv, (weiv(i,j),imiril,irl2)
write (iwr,101) t2iv, (w2iv{i,j),i=irtl,ir12)
continue

RAARARANARRANARAAH AP AR ATARKANARARARENARARAANAARS

INTERPOLATICH OF THE INFLUENCE COEFFICIENTS

if(niter.eq.1) return
fzn=.5

favel.~fzn
If(itrew.eq.0) goto S0
write{iwr,500)

96

format (" anx WHOFC: INTERPOLATION OF INF. COEFF.“./.

&' INF. COEFF FROM LOQP2E™)
do g1 j=1,nncr2
write (iwr,101) 1twy, (twy (i,]),i=1,nncr2)
write(iwr,101) ttwz, (swz (i, j),i=1,nncr2)
write (iwr,103)
continue
write (iwr,501)

format (" QLD INF. COEFF. ")
do 92 j=i,nncr2
write (iwr,101) 1twy, (2wyt(i,j),i=l,nncr2)
write(iwr,101) Vtwz, (twzt(i,j),i=1,nncr2)
write{iwr,103)

continue

continue



N

101
102
103

7
do 82 iutl,nner ’

do 82 j=l,nncr2

twy (i,j)sfanttwy (i, j)+favrewyt (i, ])
twz (i,ji=fznitwz (i, j)+f2zvntwat(i,j)
continue

ORIGINAL PAGE '8

i¢t{ltrew.eq.0) return OR QUALITY
write (iwr,502) fzn, f2v OF PO Q

format (" INT. INF, COEFF,: FZN=",220.5," FIV=",e20,5)
do 93 j=l,nncr2

- write(iwr,101) L twy, (twy(i,j),ial,nnecr2)

write{iwr,101) 1twa, (tw2{i,j),i=l,nncr2)
write(lwr,103)

continus

return

format(lx.ak.!x.Sf13.9./.élo5f‘3-9o/.SX.5f13-9)~
fOfm&!(lXoalOle.Si 13o/o6x'9i 1})
format (1x)

end
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subroutine wnofe3 9¢
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# A
ft  PROGRAM FWC t e\
. ¢ N
(A

# SUBROUTINE WNOFC3 # A
[, 4 * '| ‘\‘\ 0“
AARAARAARAARAAARRANKAK 00? )

2/13/78

EVALUATION OF THE INDUCED VELOCITIES AT THE NOOES
BY INTERPOLATION CF THE VELOCITIES INDUCED AT THZ CENTERS
AND INTERPQLATICN NEW/OLD OISTRIBUTION OF IMOUCED VELOCITIES

ENTRY [NIWN: EVALUATION OF THE INTERPOLATIOM COEFFICIENTS

comnon/lamb/wis

common/ali/cgl,cg2,cgl,cab,ir

cemmon/rollG/ql.q2,93,qQb, iw

common/rolll/hamnts(26) ,hammed (26)

cemnon/rol12/wzive (3,50) ,wxive (8,50) ,wylvr (8, SO).wznvr(ZB 18) ,
Lwxnvr (28, 18) ,wynvr (28, 18)

common/parm/iwr,ird,itrace, Ipsem,nmas,itrew,itrell,itrel,itreg,

Sitrent,itrcf,iplot,icgen,iplotv,itrtg,ivergr,itest,isamadb,iszmat,

&lims,liml,lim2,niter,itrans, ipn,jpunch,iplotw,isw,icont,iplotg,
Sipr,iplott
common/gecm/nEldsl,nblids,.sigma, fmu,2tar (25) ,knnvr,atai (6) .knivr,
Litwist,thatad (25) ,thata (25),thetac (24) , thetad, thetOd,alphas,
&cdO,cck,dpsind.dosin,dosiid,dpaii,coeff, coeffl,c,3,blades,
&nnvr,.nnva,nnvri, nnval,nner,nnca,szanv(25) setanz (26) ,
tnivr,niva,nivrl,nival,nicr,nica,etaiv(p) .ataic(7),
tntva,ntval,ntca,fpsl.fps2,.nritl,nri2,irll,ir!2, iccdeal
comman /resul/gamme (26) , twx (24, 24) , twy (24,24) , twz (24,24) ,
Swxc (24) ,wye (24) ,wzc (2L) ,wxne (26, 19) Jwync (26,18) ,w2ne (26,19) ,
twxic(9,51) ywyic(9,51) ,wzic(9,51) ,wrnv(28,18) .,wtnv(28,18),
Swznv (28,18) »wriv(8,50) ,wtiv(8,5C) ,wziv(8,50),
&xne (26,19) vyne (26.15) +znec (26, 19) ,xic{9,51) yic(3.51) ,2ic(5.51}),
?an(ZB-IB).ynv(28.18).znv(28.l8).xiv(B.SO).YIV(8.50).zlv(8.50).
gia,ib
common /cwnof/aan (25) ,aai (25) , ieb (25) Jacb (25) ,]eb (26) ,beb (26) »
tice(7) sacc(7),jee(3) ,be=(3) ,frn,fen, f2n
ccrmon /wndata/wxnve (28, 18) ,wynve (28, 18) ,wznvt (28, 18)
8,wxlvt (8,50) «wyivt(3,50) ,wzivt(8,50)
common /savtw/twyt (24,24) , twzt (24, 24)

common/tipco/wxntl.wyntl.wzntl.wxntz.wyntz.wzntz,wxntp.wyntp.uzntp

dimension wrnvt (23,44) ,wtnvt (28, 44) ,wrivt (8,50) ,wtive (8,50)
dimension rs(28,50)

equivalence (nnvr,nnecrl), (nive,nicrl), (nnvs,nncatl)
equivalence (niva,nical), (nnvrl,nner?), (nivrl,nicr2)
equivaience (wxnvt(l.l).wrnv.(l D) (wynve (1, 1) ,wtnve (1, 1))
equivalence (wxive(1,1) ,wrive(l,1)), (wyive (1.1) ,weive (1, 1))

data laan,laai,lich, Iacb Tjeb/" AANM,'™ AAI',* 1CB3"," ACBY," :ca"/‘

data lbcb,licec,lace.Vjece, Ibee/" BEBY," tCC, M ACC™," JoC"," 3CC"/
data Ixnv.lynv.lznv.lrnv.Itnv/"wXNV“.“wYNV"."wZHV"."HRNV“.”HTNV"/
data Ixiv.Iyiv.Iziv.Iriv.ltiv/“WXlV",”WYIV".“WZIV"."HRIV“.“HTIV“/
data liwy,ltw2/"TWY " "Tyz '/ .
data aps2,fpi/100.,12.556371/

v )

et i e e, il
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goto 70 : 99
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entry iniwnj}

if(isamet.eq.1) return ORIGINAL PACE IS

INTERPOLATION COEFFICIENTS OF POOR QUALITY

COEFFICIENTS AAM : NODE | VvS. CENTERS 1 AND i+1

FOR THE NEAR WAKE, RADIAL OIRECTION
do 50 i=},nnvr
aan(i)=(etanc(i+1) -etanv(i))/(stanc(i+1)-etanc(i))
continue

do 51 isl,nivr
gai (i) mw(ctaic(i+l) ~etaiv(i))/(ataic(i+l)-ataic{i))
continue

COEFFIC!ENTS ACB AND THE CORRESPONDING ADRESSES 1€8 :
NODE | OF THE NEAR WAKE VS, THE CENTERS ICB(I) AND 1CB(!1)+1,
OF THE INT. WAKE (RADIAL DIRECTION)

do 52 i=l,nnvr

at=etanv (i)

do 53 iim2,nicr

if(et.1t.etzic(il)) goto 54

continue

feb(i)=il-1

acb(n)-’otunc(i1)-et)/(etaic(|1)-e~anc(il -1))

centinua

COEFFICIEHTS BC2 AMD THE CCNRESPONDING ADRESSES JC3
NOOE J OF THE TRANSITION WAKE VS, CENTERS JC3(J) AND JCB (J)+1
0F THE INTERMEDIATE WAKE, AZIKUTAL DIRECTICN

do 55 j=ntca,nnva

et=(j~1) ndpsin

do 56 j1=2.4

etiw(ntva=-1) dpsin+t{jl-1) *dpsii-dpsii*, 5

if(et.lt.eti) goto 57

continue

jeb () =j1-1

beb (j) »(eti-ct) /dpsii

continue

COEFFICIENTS BCC AND THE CORRESPONDING ADRESSES JCC :
NODES J OF THE INT. WAKE VS. THE NODES JCC(J) ANO JCC (J)+}
OF THE NEAR WAKE (AZIMUTAL OIRECTION )

do 63 i=l,nivr

etwctaiv (i)

do 59 i!=2,pnnvr

if{et.lt.etanv(il)) go to 60

continue

ice(i)=il-]

acc(i)=(ctanv(il)-at)/(ctanv(il)- etunv(xl 1))

continue

do Gl j=1,3
cet=(rtva-1}%cpsine (j-1) ndpsii

P
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T e

62
63

61

200

nnnnngnon

179

]

do 62 jl=ntca,nnva 100
atin(jl-1) %apsin .
if(j.eq.l.2nd.jl.eg.ntca.or.et.1t.eti) goto 63

continue © .. g

jcg(j)-j {=1 te ) (]

bee(f)w (eti-at) /dpsin o

continue 0 "‘{%
WP R

if(itrace.eq.C) raturn oR©C OgQ

write(iwr,200) of ¢0

format (" #ak {NIWNCFC #aa')
weite{lwr,101) laan, (aan(i),i=},nave)
write{iwr,101) l2ai, (aai (i),i=al,nivr)
write (lwr,102) lied, (icb(i),i=1l,nnve)
write(iwr,101) tacd, (acb (i) ,i=l,nnve)
writa(iwr,102) 1jebs, (jeb (1), i=ntca,nnva)
write{iwr,101) Ibcb, (bes (i), ientca,nnva)
write(iwr,102) lice, (lce(i),iml,nivre)
write(iwr, 101} tace, (acc (i) . iml,nive)
write(iwr,102) 1jee, (joe (i), i=1,3)
write(iwr,101) lbee, (bee (i) ,imt,3)
return

ARARAARARARARANARAARARARRRARAAARARAAARAARIAAARAANAARAARSA

- 2 2 3% 2

*E IR

continua

INTERPCLATION QF THE VELOCITIES

A) INTERPOLATICN OF THE VELOC!Tf{S INCUCED AT THE CEKTERS
OF THE HEAR WAKE 1 TO NNCA TO THE NCCES 1 TO NNVA

B)

do 1 i=j,nnvrl
do 1 J=1l,nnva
a=3an (i)
als], -2
wxnve (i, ) e ((wxne (1,]) +wxne (i, j+1)) 22+ (wxne (i+1,])+
Swxnc (i+], j+1) ) %al)%.5
wynve (1, j) = ((wync (i.j)+wync (i, j+1)) #a+ (wync (1+1,])+
Swync (i+1, j+1)) wal) %.5
wznvt (i, j) = ((wzne{i,j)+wzne (i, j+1)) 2a+ (wanc (i+1, ) +
Swzne (i+l, j+1)) 2al)n.§
continue
a=aan (nnvrl)
ale]. -2 :
wxnvt(nnvrl.X)fwxntp+(wxnc(nnvrl.2)-wxntl)*a+(wxnc(nncrl.z)-wxntz)*al
wynvt (nnvr, 1) ewyntp+ (wyne (nnvr i, 2) =wynt 1) fa+ (wync {(nncri, 2) ~wynt2) *al
wznvt (nnvrl, 1) swzntp+ (wzne (navr 1, 2) =wzntl) ta+ (wzne (nncrl, 2) -wznt2) *al
it{itrew.ne.2) goto 10
write{iwr,179)
format (" 1nsen WNQFC ##% VELOCITIES AT THE NODES OF THE NEAR WAKE")
do 11 j=l,nnva
write{iwr,103)
write (iwr,101) txav, (wxnvet (i, j),i=l,navr)
write (iwr,101) 1ynv, (wynvt (i,j),i=1l,nnvr)
write(iwr,101) l2av, (wznvt (i, ), i=l,nnvr)
continue

INTERPOLATION OF THE VELOCIiTIES AT THE CENTERS 1-2-3-4

(AZITMUTAL POSITIONS OF THE INT. WAKE) AT THE HODES OF THE NEAR WA
FRCM NTCA+1 TO NNCA .

it



10

178

2000
1001

if(itrans.eq.0) goto 12 101
do 2 i=l,nnvr

ilwicb (i)

a=acb (i)

al=l.~-a

do 2 j=ntca,nnva .

Jlmjeb(j)

bi=l.-b - .OF POGR QUALITY

it (j.eq.ntca) b=0.5

wxnvt (i, j) =wxnve (i,j)+((
Swric(i1,]1) zbtwxic (i1,]14+1)%p1) fa+(
Swxic(il+l,j1)abtwxic (i 1+, jl+1) 2b1) #al)

wynvt (i, ]) =wyave (i.j)+{(
Ewyic(il,jl)nbewyic(il,jl+1)nb]) vas(
Swyic (11+1, 1) sb+twyic{il+l, ji+1) #bl) al)

wanvt (i, j)mvanve (i, j)+((
Cwzic{il.jl1)abtwaic(il,]jl+1)nb]) #a+(
gwzic (i1+1,j1) tbtwzic (i 1+1, j1+1) #b1) #a})
continue

if(itrew.ne.2) goto 12

write(iwr,178)

format (" INODES NTCA,NNVA, AFTER ADDITION CF THE VELOCITIES",
8" INDUCED CN CENTERS | TO &4 OF THE INT.W&")

do 13 j=ntca,nnva

write(iwr,103)

write(iwr,10!) Ixnv, (wxnve (i), i=l,nnvr)

write{iwr,101) lyav, (wynvt(i,]),i=1,nnvr)

write (iwr,191) l2nv, (wznvt (i, }) ,i=1,ravr)

continue

idebws
TOTAL INDUCED VELOCITY AT INTERKEDIATE WAKE

if(itrans.eq.0) idebw=l

nri2i=nri2-1

nri22enrl2-2

ir12i=irt2-1

irl22=ir12-2

do 1001 imirlt,irl2

do 2000 j=2,niva
rs{i,j)=sqre(xiv(i,j)®e2+yiv(i,j)*n2)
if(i.eq.ir1l) gmiw=gl

if(i.cq.ir122) gmi=q2

it(i.eq.irl21) gmi=q3

Tt(i.eq.ir12) gmimqgy

wzivet (i, j)mwzive (i,])+(gmitwis)/ {4%3.14159%rs(1,]))
wxive (i, j)=wxive (i,])

wyive (i) =wvive (i,j)

continue

continue

TOTAL INDUCED VELQCITY AT NEAR WAKE

do 5016 i=nril,nri2

do 501¢& j=2,nnva
rs(i.j)"s:r:(xnv(i.j)ﬁﬁ2+ynv(i.j)ﬁ*2)
if(i.cg.ar'l) gmingl

if{i.eq.nri2) zni=q2

o -y
i




00000

Bt an e b St AR Ak i e i 1T S E e e - - mian =

102
if{l.eq.nri2l) gmi=g3

it(i.eq.nr1s) gmi=qi
wznvt (i, j) =wznave (i,]) = (gminwis) / (4%3.14159%rs (i,]))

wxnvt (i, j) mwxnve (i,]) ) <
wynvt (i, ) swyave (i, j) ?““};Sc*
5016 continue \e}é' Q\)
[ ® : 3\0 %
o ge®
. do 111 i=2,nnerl Cﬁ

'if (etanc (i) .gt.cgl) go to 222
ibolai
wo;Uhxch-etanc(ubol))/(etnnc(nbal+l)-etznc(|bol))
.Wolleibol-1
“waznvt(aril, 1) wwze (ibol1)+ (w2ze (ibol1+1) =wze (ibot1)) #palt
+ wynavt(nrll, 1) owye (iboll) +(wyc{iboll+1) ~wye (iboll)) #poll
o7 wxnvt(nrtt, 1) ewxe (ibol1)+(wxc (Ibol1+1) =wxc (ibo11)) wpoil

¢ .
c do 333 i=2,nncrl
c if (atanc (i) .gt.cg2) go to L&Y
¢ 133 itol=i
< Lk pollm(cg2-atanc (ibol) )/ (etanc(ibo2+l) ~atanc(ibo2))
¢ ibodlwibol~-1
c wanvt (nr122, 1) oswze (iha21)+ (w2e (ibo21+1) ~wze (ibo21) ) #pol 3
¢ wynvt (nr122,1) =wyc (iboll) + (wye (1bo21+1) ~wyc (ibo21) ) #pol}
¢ wxnvt (n=122,1) owxe (ibo21) +(wxe (ibo21+1) ~wxc (ibo21)) *pol}
¢
do 555 i=2,nncrl
1f {etanc(i).gt.cgl) go to 666
555 iboj=i
666 poll=(cg3~atanc(ibol}) / (atanc {iLo3+1) ~etanc(ibo3))
iba3iwibol~-1
wznvt (nr121,1) ewze (ibo31) + (wze (ibo31+1) ~wze (ibo3l)) #poll
wynvt (nr121,1) meye (ibo3 1)+ (wye (ibo31+1) ~wye (ibo31)) 2501l
wxnvt (nrl121, 1) swxe (ibodi)+(wrxc (Ibo3i+1) wxe (ibo31)) rpoly
c
do 777 i=2,nnerl
it (etanc(i).gt.cglh) go to 883
177 ibolLsi
888 pol5=(cgu-atanc (iboL))/ (etanc (iboy+1) ~etanc (ibok))
ibo4i=ihoh=1
wznvt (nr12,1) =w2e (ibokl) + (wze (ibok1+1) ~w2c (ibo41) ) fpol5
wynvt (nr12,1) =wyc (ibob1) + (wyc (iboL1+1) =wyc (ibokl) ) xpol§
wxnvt (nr12,1) swxe (Ibolt) + (wzc (ibok1+1) =wze (ibo41) ) #poi5
RARKAR R ARAAARARRTARAIOOTARATRARA RN AF A
#
®  TRANSFORMATION : RECTANGULAR TO POLAR COORDINATES
. % OF THE VELOCITIES INOUCED AT THE NOOES
A
6 continue
if(itrew.eq.2) weite(iwe,L60)
L60 format (17w WNOFC #sth: VELOCITIES AT THE NODES, POLAR CQOR.")
do 45 j=l,nnva
ilenrit
i2=nrl2
7000 do 30 i=il,i2

if{i.eq.nr12) i3=0
if(i.ne.nrl2) iis]
wxxewxavt (i, j)
wyyswyave {i,j)
xx=xnv (i,j)
yy=yav (i, j}




(2]

resart (xxkxx+yytyy)

wrnvt (i, ) s {xxiwxx+yytwyy) /e 103
wEnve (i, j) = (~wxxhyy+wyyrxx) /r
8o kN continue
if(itrew.ne.2) goto 7001
write(iwr,103) )
write (iwr,101) trny, (wenve (i, j),i=l,nnvr
write (iwr,101)k1tnv, (wenvt(i,j),1=1,nnvr) ORIGEA \- PN“:
7001 1=l ~ OF POOR QUA
i2=nnvr
if(i3.eq.0) go to 7000
L5 continue
do 46 j=2,niva
do 8! iwirll,irl2
wxxmwxivt (i,]j)
wyyswyivt (i,j)
xx=xiv{i,j)
yy=yiv(i,j}
resqrt (xxtxx+yyryy)
wrivt (i,j) = (xx*wxatyytwyy) /v
wtivt(i,j)= (-wxx*yy+wyy*xx)/r
81 continue
if(itrew.ne.2) goto L§
write (iwr,103)
write (iwr,101) triv, (wrivt(i,j).i=irll,irt2)
write (iwr,101) 1tiv, (wetive(i,j),isirll,ir!2)
L6 continue
wrivt{(irll,)=swrnvt (nrll, nnva)
wtivt(irtt,1)ewtnve(nrli,nnva)
wrivet(ir'2,1) =wrnvt Inr12,rava)
wtivt(iri2, 1) =wtavt{ari2, nnva)
wrivt(iri2, ) =swznvi(nri2,nnva)
wzive(irll, i) =swznvt(nrll,nnva)
weivt(iri2l, ) =swrovt{nri2!,nnva)
wtivt (ir121,1) =wtnvt {pri21, nava)
wzivt(iri21,1)swznvt (nrl121,nnva)
c wrivt(ir122,1)=wrnve (nr122,nnva)
¢ wtivt(ir122,1}=wenvt (nr122,nava)
¢ wzivet (ir122,1)=wz2nvt (nr122,nnva)
c %
c AT AR RO R AT R SO R AR AR R AR R A R AR A
c ® :
c * INTERPOLATION OFf THE 'OLD’ AND THE ‘NEW’ OISTRIBUTIONS
c * OF VELOCITIES
[ *
if{itrew.ne.0) write{iwr,462) .
L62 format (" 1vue WNOFC »n% 2 VELOCITIES AT THE NODES ")
c X
* WEIGHTING FACTORS FOR THE 'NEW’ AND THE ‘OLD’ VELOCITIES
fro= 4
ftn=a,?
fzn=,3
it(niter.ge.3) goto 49
frn=.5
ftn=.§
fzn=.5
if(niter.eq.2) gots L9
frn=,§

ftn=.9

v s o g ey
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¢
oy

[

oOono0 oo .

L9
951

7003

648

L3

7C02

L7

643

1

=]

x
%

%

500

104
fzn=.5

continye

tt(itrew.ne.0) write{iwr,951) frn,ftn,fzn

format (' #iot WEIGHTING FAZTORS: FRN,FTN,FIN ",3£6.2)
frvsl.-frn

ftvel,.=-ftn
© f2v=l.nfan "‘:-«4
T \ A8
do 47 j=l,nnva Q\G\““P“ Q“P'
iflenri! ¢
{2=nri2 . 0

do 43 i=il,i2

if(i.eq.nr12) i3=0

Ift{i.ne.nr12) i3m}

wenv (i, j)=wenve (i, j) 2afrntwrnv (i, ) #frv

weav (i, j) ewenve (i, j) afentwtnv (i, ) *fty

wznv (1, j)=wznvt (i, ) #fznswznv (i,]) 2fzv

go to 43

weav (i, j)=wenve (i, ])

wtnv (i, j) =wtavet (i, )

w2nv (i, j) owzave (i, )

continue

if(itrew.eq.0) goto 7002

write(iwr,103)

write (iwr,101) trnv, (wenv (i, ]} ,i=1,nnvr)

write(iwr,101) 1tnv, (wtnv (i, j),i=l,nnvr)

write(iwr,101) l2nv, (wanv(i,j),i=1,nnvr)
ilm]

i2=nnvrl

if(i3.eq.0) go to 7003

continue

do 48 j=l,niva

do L4 i=irll,irl2

weiv{l, J)ewrive (i, ) #fratwriv (i, ]) #fev

weiv(i,j)ewtive(i,J)2ftntwtiv(i,j) 2fty

wziv(i,j)ewzivt(i,])*fzntwziv(i,])2fav

go to 44

weiv(i,j)=wrivt(i,])

wtiv(i,j)=wtive(i,])

wziv(i,j)=wzivt(i,]j)

continue

if(itrcw.eq.0) goto 48

weite(iwr,103)

write(iwr,101)Iriv, (wr:v(n.]).i-srll irt2)
write (fwr,101) itiv, (weiv{i,]),isirll,ir12).

write(!wr.lOl)lziv.(w;iv(!,j).l-irll.irlZ)

continue

AAANARAANAAAARARARAKARARAAAAKAARLARRARAARA A A A SRR AR AR

* INTERPOLATION OF THE INFLUENCE COEFFICIENTS

if(niter.eq.1) return

fan=. 5

fzval.~fzn

if(itrew.eq.0) goto 90

write (iwr,500)

format (" #a% WNOFC: INTERPOLATION OF .INF, COEFF "/,
&" INF. COZFF FROM LOOP2E")

do 91 j=1,nncr2
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91

501

30

93

101
102
103
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write (iwr,101) 1twy, (twy (i, j).i=l,nncr2)
write(iwr,101) 1twz, (twz(i,j).i=1l,nncr2)
write (iwr,103)

continue

write (iwr,501)

"~ format{" OLD IiF. COEFF. ")

do 92 j=1,nncr2 iGHVAL PAGE 18
write (iwr,101) Ttwy, (twyt(i,j),i=1,nncr2) OF PCCR QUI{L‘W
write{iwr,101) 1twz, (twzt{i,j),i=1,nncr2)

write(iwr,103)

continue

continue

do 32 i=],nncr2
do 82 j=1l,nner2
twy (i,j) =fznxtwy (i, j)+fzvatwyt (i, )
twz (i, ) =fznittwz (i,j)+favrtwzt (i, )
continue )

if(itrew.eq.0) return

write (iwr,502) fzn, f2v

format (" INT. INF. COEFF.: FIN=",e20.5," FZVa",6e20.5)
do 93 j=1,nncr2

write (iwr,101) 1twy, (twy (i,j),i=1,nncr2)

write (iwr,101) Ttwz, (twz(i,j),i=1,nncr2)
write(iwr,103)

continue

return

format (ix,al,1x,5f13.9,/,6x,5f13.9,/,6x,5f13.9)
termat(ix,ak,ix,9i13,/,64,9i13)
format (1x)

end
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subroutine iatgel 106

EARAAAAARAANARAAARRAAR

f ® - 5
& PRCGRAM FWC : A g‘:\f\‘.\%
f ) R

& SURROUTINE INTGR2 # of P00

a "

AAAAAARARARNAARARARAAR

03/29/18

INTEGRATION OF THE VELOCITIES AT THE NODES ,
COMPUTED 8Y WNOFC, TO GET THE MCW POSITIONS OF THE NODES

common/ali/ecgl.cge.cql,cou,lr
common/parm/iwr, lrd,itrace, lpsen,nzes, itrow, ftretl, itret2, itreg,
Sitrent,itrcf,iplot,icgen,iplotv,itreg,ivergr,itest,isamab,issmat,
blims,lintl,Vimd,.niter,itrans, ipn, jpunch,iplotw,isw,icont,iplotg,
gipr,iplote
comnon/gacn/nbidal, ndlds,aigma, fru,etan (25) ,knave,atai (§) .knive,
Sltwist,thetad (25) (theta (25) ,thatac (24) ,thatal, thetld,alphas,
6cd0,cak,dpsind,apsin,dnsiid,cosii,conff,coeffl,c,s,blades,
§nnve nnva,.nnvrl,nnval,nncr,anca,atanv (25} .atanc (29),
Enive,niva,nivrl,nival,.nicr,nica,ataiv(g),etaic(s).
éntva,ntval,ntea.fpel, fpsd.artl.nri2,iril,irll, inccel .
corman /resul/gamme (28) o twx (24, 20) o twy (24, 24) . twa (2L, 2L) .-
Swxe (L) wye (I4) o~vze (2L) ,wxnc (26,197 Jwync (25,197 Jwanc (25.19),
Cwxic(9,51) swyic(9,51) sw2iz(5.51) owrnv (28,15 sw2nav (25, 15)
Ewznv {25, 18) yeriv(8.30) ,wtiv(8.50) ,waiv(E,30},
‘xnc(26| ls) 'S A1+ (:5. :3, « ZNC (26;29; 0“:(9'5;) oY‘C(SoSl) o::C(S-SX)v
51"V(23-‘5}0Y“V(13-15).znV(:S-i5).XiV(S.SC)-YIV(B.SO).:iv(SoSO).
$ia,id :
commen /weata/xt (28) .yt {28) .22(28) .rin{28) .vein(28) .vtin(28),
vzl (23) ,vx2(28) ,vy2(28),v22(28)
squivalence {nnvr,nncrl),(nive.nicrl), (nnva,nncal)
equivalence (niva.nical), (navri,nncr2), {nicrl,nicrl)

etzms S5n (etanv (nnve) +etany (1))

xep=0,

do 13 kptwl, nncr2
xepaxep+wrce (kpt)
xepexep/flsat (nncr2)

ARAARAARAATARURAARARIAIARAKR

VERIFICATION OF THE INTEGRATION

isavaitreg
if(ivergr.ne.l) go %0 91
itrtg=1

goto 91

continue

ivargr=0

¢continua

ANARARNARANARAAAAANARARARA

LOOP ON THE TWO WAKES
KWel: INTEGRATION FOR THE KEAR WAKE

v -y
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Kwed: INTEGRATION FOR THE INTERMEDIATE WARE 107

do 90 kwel, 2
i (Aw.eq.2) goto 69

INITIALISATION FOR THE NEAR WAKRE
ORIGINAL PAGE 1S
nri2lenri2-1 OF POOR QUAMTY

nri22=nri2-2

Irl12leiric-t

lei22airi2-~2

do L2 i=nrll,nri2
it{i.aq.nr12) rin(i)=cgl

1t (i.eq.nri2l) rin{i)e=ecg}
it(i.eq.nrtl) rin(i)=egt
if(i.eq.nrt22) rin(i)=ecg2
vein(i)ewenv (i.1)
vtin(i) swtnv (i, 1) *rin(i)
vzl (i)ewznv (i, ])+tmu

xnv (i, )=rin(})

yav (i, 1) =0, .
2nv (i, 1) =0, : : ‘
2t (i)erin(i)

vyt (i) =0.

2t (i) -0,

continue

dpsi=dpsint §

dar=3, A3bs ( {xep+fnu) *dpsin)
nvas=nnva

nvre=nri2

goto 61

INITIALIZATION FCR THE INTVEIRAMEDIATE Wake
continue
do 52 isirii,irt2
if(l.eq.irtl) ilenrit
1f(i.eq.irtdl) ijlewnri2}
if(i.eq.ir122) ilenri12
if{i.eq.irl2) itenrl2
xiv{i,l)=xnv{(il,ntva)
yiv(i,)=ynv{il, ntva)
2ivii,1)=2nv{il,ntva)

xt (i)mxiv{i, 1)

yt(i)myviv(i, 1)

ze (i) wzivii, 1)
rin{i)ssqreidxivii, 1) and+yiv(i,1) an2)
veln(i)=wriv{i,1)
vtin(i)awtiv{i,1)+rin(i)

vl (i) ewziv(i,1)+'my

continue

dpsi=dpsiif.§

dzr=3.2abs ( (xco1 fmu) *dpsii)
avasniva
nvrsir{

continue
format ("1xaY INTGR nony KWwe" {1, NVAe", |

o NVRAT LT, TReT
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THE RADIAL AND TANGENTIAL VELOCITIES ARE WEICHTED #Y
RREW/ROLD.

ALL THE POINTS ARE CONSTRAINED TO BE IN THE PLANE (P)

WHICH CONTVAINS THE NEW PQ0INT QF THE RTFERINCE STREAMLINE (1K)
AND THE PROJECTICON OF THIS POINT ON THE Z AXIS

tN ORCER TO LIMIT THE D1STORSICNS OF THE ELEMENTS
O,ﬂr\\“" Q\)P«L\’ﬁ

LOCP ON THE AZIMUTAL POSITIONS of p

do 81 je=2,nva

UNCORRECT‘D HEW POINTS (FIRST LOOP 0% THE RADIAL POS!TIONS)
if(kw.eq.l) ijwnril
If (kwoeq.2) ij=irl}

do 82 i=ij,nvr .
if(kw.eq.2) cota 71l

OLD RADIUS OF THE POINT
r2cesgre (xnv (i, j) af2eynv (1,]) #22)

RADIAL VELOCITY AT THE POINT (UNCORRECTED)
vricwernv (i, )

TANGENTIAL VELOCITY AT THE POINT (UNCORRECTED)
vt2oewtnv (i, j)+r2o

AXIAL VELSCITY
vz2 (i) »wzns i, j) +fou
go to 712
711 r2o=sqre(xiv(i,j)er2eyiv (i, ]) #a2)
vrloeuriv(i,])
vt2eewtiv(i,j)+rlo
v22 (i) =aziv(i,j)*fmu
continue

- NEW RADIUS OF THE FOINT:

MEAN RADIAL VELOCITY:w .58 (VRIN+VA2N)
VRIN: VELOCITY AT THE PRECEDENT POINT (CORRECTED)
VR2N: VELOCITY AT THE CURRENY POINT (COREECTED)
VR2H:=VR20%R2N/R20

r2na(rin(i)~dosifvein{i)) /{1.~dpsitvr2o/r2o)

_CORRECTIONS ON THE RADIAL AND TAHGENTIAL COMPONENTS

OF THE VELCCITIES
axer2n/rlo
if(at.gt.1.05) r2nar2oe1.05
if(at.gt.1.05)at=1.05
vr2nsvrlofat -
vtlnsvtlotat
NEW AZIMUTH (TEMPORARY)
th2=atan2 (vt (i) ,xt (i)} +cpsin2. s (vein(i)+vt2n) / (rin (i) +r2n)
ccucos (th2)
ss=sin(th2}
RECTANGULAR COORCIMATES OF THE UMCCRRECTED NEW POINT
x2{i)=r2nitce
yt(i)=r2nuss
zid=dpsin{vzd (i) +vzl{i))
if{abs(22d) .3t.d2r) 2tcesign(dzr,2td)
ze(i)=ztii}+zta
VELOCITY AT TH!IS POINT
vx2 (i)=vr2nice~vi2nass
vy (i) »vr2nries+velntee

« mr s i ek 8 44 e an
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% SAVE RADIAL AND TANGENTIAL VELOCIT!ES, AND RADIAL COORDINATE
L BE USED FOR THE NEXT AZIMUTHAL POSITION

Wil

vein(i) =vedn
veln(i)levr2n
vz (i) svz2 (i)
ein{i)=r2n
continue

go 83 i=ij,nvr
1f(kw.eq.2) goto 72!
xnv (i,j) =xt (1)
yav(i,j)eyt (i)
znV(i .j)"!t (i)
goto 83
continue
xiv{l,j)=xt (i)
yiv{i,j)ey: (i)
2iv{i,j)=z2t (i)
continue
continue
continue

if(ivergr.eq.1l) goto 92
itrtg=icav

raturn

end

ORIGINAL PACE I3
OF POOR QUALITY
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subroutine intgr} 110

RANARARARARRARATAARAAR
# ]
* PROGRAN FWC "
* : *
A SUBROUTINE INTGR3 =
] ) _ Q
BRARARARARAAAARKARRRRA : Cﬁ“qgfa

" 03/29/18

INTSGRATION OF THE VELOCITIES AT THE HODES ,
COMPUTED BY WNOFC3, TO GET THE NEW POSITIONS OF THE HODES

P2 N DR PIIEEDN

.co.'m\on/al ‘/CQ‘QCQZOCQBOCQQO.IP

< -
-

- -

T e

gitrent,itref,iplot,icgen,iplotv,itrtg,ivergr,itest,isameb,

common/parm/iwr,ird,ltrace, lpsen,nmas,itrew,itrectl,itrecl, itreg,

isamet,

&lims,linl,lim2,niter,itrans, ipn,jpunch,iplotw,isw,lcont,iplotg,

sipr,iplote

ccrmon/gecn/nbldsl,nbids,si¢na, fmu,atan (25) .knnvr,atal (§) ,knive,
$ltwist,shetad (25), thata (25), thatac (24) , thatal, thetOd, alphas,

8cd0,cak,cpsind,.dpsin,dpsiid.dpsii,coeff,coaffi,c,s,.bladas,
gnnvr,nnva,navri,.nnval,nncr,nnca,etanv(25) ,etanc (26) .
Enlvr,niva,nivrt,nival,nicr,nica,ataiv(g) . etaic(7),
tntva,ntval,ntca,fpsl,fpad,.artl,nrl2,irtl,iri2, imcdel
cemmon /resul/gamme (26) o twx (24, 24) « twy (24, 2L) , tw2 (24, 2L} ,

Bwxe (28) ,wye (24) ,w2e {(2L) ,wrnc (26, 19) Jwync (26, 18) ,wzne (26, 15) ,

Ewxic(9,51) ,wyic(9,51) ,w2ic(5,51) ,wrnv (28, 18) ,wtav(28,18),
Swanv (23,18) ywriv{(3.50) ,wtiv(8,5C) corziv(3,59),

&xnc(26,19) ,ync(26.19) ,2nc (26,19) ,xic (3,51} ,yic(9,51) ,2ic(9.51) .
&xnv (23,18) ,ynv (28.13) ,2nv(28,18) ,xiv(8,50) ,yiv(8,50) ,2iv (8,50},

&la,ib

ccmmon /weata/xt(28) 4yt (28) ,22(28) ,r1n(23) svrin (26) ,vein(28)
tvzl (28) svxi{(28) ,vy2(28) ,vz2{23)

equivalenca (nnvr,nncrl}, (nive,nicrt), (nnva,nncal)

equivalence (niva,nical), (navel,nncr2), (nicri,nicrl)

etems . 54 (etanv (navrel) +etanv (1))

xep=0.

do 13 kptei,nncr2

xepsxeprwze (kot)

xep=xep/flcat (nner2)
KARARRARNAG ARRARRARRAALRAR

4 -

® VERIFICATION OF THE INTEGRATION
. .

izavesitrig
1f (ivergr.ne.1) go to 91

itrtg=l

goto 9%

continue

ivergr=0

continue
%
AURARAXARARAAARLARAALAARAR
%

® LOOP ON THE TWO WAXES
i Kwml: INTEGRATION FOR THE NEAR WAKE
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L3
L1

50

c
¢
60

*>

%
*

KW=2: INTEGRATION FOR THE INTERMEDIATE WAKE

do 90 kwel,2
1f(kw.eq.2) goto 60

CINITIALISATION FOR THE NEAR WAKE

irt2l=iri2-t
nri2i=nri2-1
do 42 i=arlli,nri2
if(l.eq.nr12) rin(l)=cqy
it{t.eq.ncll) rin(i)wecgl
if(l.eq.nr121) rin(i)mcg3
vrin(i)swrav(i,1)
vila(i)=winv (i, 1)+rin (i)
vzl (i) =wznv (i, 1) +fmu
xav{i,1)=rin(i)

"~ ynv(i, 1) =0,
anv(l, 1) =9,
xt(i)=rin(i)
yt(i}=0.
2t (i) =0.
continue
do 43 i=l,nnrvrl
if(etanv(i).gt.etam) go to 4!
fkai
1t (etanv(ik+l) ~etam.it.etam-etanv(ik)) ikmik+]
do 50 i=l,nnvri
rin(i)=ctanv (i)
veln(i)=wrnv (i,1)
vtin (i) =wtav (i, l)+etanv (i)
v2i(i)=wznv (i, 1} +fmu
xnv(i,1)=etanv (i)
ynv(i,1) =0,
znv(i,1)=0.
xt(i)=etanv (i)
yt(i)=0.
zt (i) =0.
continue
dpsi=dpsint.5
dzr=3,%abs ((xep+fmu) *dpsin)
nvarnnva
nve=rrl2
goto 61

INITIALISATION FOR THE INTERMED!ATE WAKE
continue
do 52 i=irll,irt2
if(i.eq.irll) ilenrtl
if(i.eq.ir121) it=nri2}
if{i.eq.irl2) il=nri2
xiv(i,exnv(il,ntva)
yiv(i,)=ynv(il,ntva)
ziv(i,)=znv(il,ntva)

xt(i)=xiv(i,1)

yr(i)ayiv(i,1)

2tli)=ziv{i,1)
rin(i)=sure(xiv (i, 1) an2+yiv (i, 1))
veln (i) wwriv{i, 1)

111
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vein(iYewtiv{i,1)+rin(i) 112

vzi(i)ewziv(i,1}+fmu
continue
dpsj=dpsii*.5

_‘u L IR -
dzr-}.ﬁabs(egﬁqrfmu)ﬂdpsii)
. avaeniva )

o?

S onyreirl

continue
format ("1 [NTGR Affy KWe' [1," NVAe" {2." NVR-" 12," 1Ke" §2,
8" OPSi=",£8,2)

THE RADIAL AND TANGENTIAL VELOCITIES ARE WEIGHTED BY
RNEW/ROLD.

ALL THE POINTS ARE COMSTRAINED TO BE IN THE PLANE (P)

WHICH CONTAINS THE HEW PGINY OF THE REFERENCE STREAMLINE (1K)
AND THE PROJECTION OF THIS POINT ON THE Z AXIS

{N ORDER TO LIMIT THE DISTORSIONS OF THE ELEMENTS

LOCP OK THE AZIMUTAL POSITIQHS

do 81 j=2,nva
- {2enyvr
13=0.

UNCORRECTED MEW POINTS (FIRST LOOP OM THE RADIAL POSITICNS)
i (kwoeg.1l) {le=nprit
it (kw.eq.2) ilmiril

do 82 i=il1,i2
If(i2.ca.nnvrt) 3=t
1f(kw.eg.2) goto 711
OLD RADIUS QF THE POINT
r2o=sqrt(xnv{i,j) #22+ynv (i, ]) #22)
RABIAL VELOCITY AT THE POINT (UNCORRECTED)
vr2oowrnv (i, )
TANGENTIAL VELOCITY AT THE FOINT (UNCORRECTED)
vtdoowenv (i, ) +r2o0
AXIAL VELOCITY
vz2 (i) ewznv (i, )+fmuy
go to 712
711 r2omsare{xiv{i,j) an2+yiv (i, ]) #42)
vr2o=wriv(i,j)
vt2omwtiv(l, j)+r2o
v22 (i) =ww2iv (i, j)+fmu
continue

NEW RADIUS OF THE POINT:
HEAN RADIAL VELOCITY:= .57 (VRIN+VR2N)
VRIN: VELOCITY AT THE PRECEDENT POINT (CORRECTED)
VR2N: VELOCITY AT THE CURRENT POINT (COREECTED)
VR2N:=VR20%R2N/R2D

r2nn(rin(i}+dpsinvrin(i)) /(1.-dpsifvr2o/r20)
CORRECTIONS ON THE RADIAL AND TANGENTI!AL COMPONENTS
OF THE VELOCITIES

aterdn/ro

if(at.3gt,1.05) r2nerdon].05

1f(at.gt.1.95) at=1.35 :




ey

vr2nsyrloftat 113

vi2n=vtliofige .
c i NEW AZIFUTH (TEMPORARY)
th2=atan2{yt i), xt(a))+dp.|n2 t(vtin{i)+vt2n) /{rin (i) +r2n)
ce=cos {zh2) '~ .
ssmsin{th2) )
< . RECTANGULAR COGRDIMNATES OFe THE UNCORRECTED NEW POINT
xt (i) =r2ntce
yt(l)annﬁss OR‘G!?‘AR" P%GE 1S
2tdadpsi® (va2 (i) +vzl (1)) , OF FOOR QUALITY
1¢ (abs (2td) .gt.dzr) ztd=sign(dzr,z2td)
2t (1) ezt (i) +21d
¢ % VELOCITY AT THIS POINT
vx2{i)mvr2ntce-vt2ntss
vy2 (i) mvr2niss+vtintec
c & SAVE RADIAL AND TANGENTUIAL VELOCITIES, AND RADIAL COORDINATE
c k  WILL BE USED FOR THE NEXT AZIMUTHAL POSITION
vtin(i)=vt2n
vrin(i)=vr2n
vzl (1) =vz2 (i)
rin{i)=r2n
a2 continue
if{i2.eq.nnvrl) go to 100!
go to 1003
1001 xO=xt (ik)
yOryt (ik)
2022t (ik)
vxeyx2 (ik)
vy=vy2 (ik)
vzevz2 (ik)
alpha--(xo*vx+y0*vy)/(xO*VO*yﬂ*yo)
vrsvyx+alpnanx0
vysvy+alphatyQ
do 85 i=il,i2 }
betas ((x0=x2 (i) tvx+ (yO-yt (i) fvy+ (20-2t (1)) nvz) /
& (vx2 (i) avx+vy2 (i) &vy+vz2 (i) 5vz)
xt(i)ext(i)+betatvx2 (i)
ye(i)=yt(i)+betarvy2 (i)
zt(i) =zt (i) +betaivz2 (i)
rin(i) =sqre(xe (i) 24yt (i) wx2)
vzl (i)=vz2(})
xnv (i,j)=xt(i)
yav (i, j) =yt (i)
2nv (i,j) =2t (i)

- 85 continue
- go to 81
1003 do 83 i=il,i2

if{kw.eq.2) goto 721
xnv (i, j)axt (i)
yrv (i, j)=yz (i)
2nv (i, j) =zt (i)
goto 33

721 continue
xiv(i,j)ext(i)
yiv(i,j)=yt(i)
ziv(i,j)=z2t(i)

83 continue
il=1
i2ennvrl
if(i3.eq.0.and.kw.eq.1) gc to 1000




« end K

continue
continue

1t (ivergr.eg.1l) goto 92
itrtguisav

return
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subroutine loopl2 115
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1 PROGRAHX FWC b
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CRIGINAL PACZ 13
& ] ® '
' SUBROUTINE LOOP12 \ OF F3OR QUALRTY
ARRA RN RN . '

07/14/80

EVALUATION OF'THE INDUCED VELOCITIES AND GF THE DISTRiIBUTION
OF CIRCULATION ALONG THE BLADES,
FROM THE INFLUZNCE COEFFICIENTS RETURNED BY LOOP2

THE SUBROUTINE RETURNS:

ITEST=0 IF CONVERGENCE 1S REACHED

ITEST=1 |F CONVERGENCE 1S REACHED FOR THE LOOP ON THE CIRCULATION
ITEST=2 IF CONVERGENCE 1S NOT REACHED WITHIN LIML !TERATIONS

ON THE CIRCULATION

TWX(1,J) CONTAINS THE DERIVATIVE :

D(WX (1)) /D (GAMNA (J+1))

TWY: SAME FOR THE Y COMPONENT

TWZ: SAME FCR THE Z CCMPONENT

NOTE : THE SUBSCRIPTS ‘| AND J ARE REFERED TG THE INNER
CENTERS OF THE ELEMENTS

common/rol15/wxeer (25) ,wyctr (25) ,wzztr (25)
common/rol113/wictr2{213) ,wyctr2 (25) ,wastr2 (25)
commen/parm/iwr,ird, itrace,Ipsem,.nmas, itrew,itrell,itrecll,itreg,

. Gitrent,itref,iplot,icgen,iplotv,itrtg.ivergr,itest,isameb,isamet,
§lims,linl,lim2,niter,itrans,ipn, jeunch,iplotw,isw,icont,iplotg,
Sipr,iplott
common/geom/nbids1,nblds,sigma, fmu,etan(25) ,knnvr,otai {6) ,knivr,
tltwist,thetad (25),theta(25) ,thetac (24) ,thet20, thatOd,alphas,
6cd0,cdk,dpsind,dpsin,dpsiid.dnsii,coeff,coeffl,c,s,blades,
gnnvr,nava,nnvrl,nnval,nner,nnca,etanv (25) ,etanc (26) .,
snivr,niva,nivrl,nival,nicr,nica,etaiv(s) ,etaic(?),
tntva,ntval,ntca,fpsl,fps2,nrll,nri2,irll,irl2, imodel

common /resul/gamme (26) , twx (24, 24) , twy (24, 28) , twz {24, 24) ,
gwxc (24) ,wyc (24) w2 (24) swxnc (26, 19) ,wync (26, 19) ,wznc (26, 19) ,
twxic(9,51) ,wyic(9,51) ,w2ic(9,51) ,wrnv(28,18) ,wtnv (28,18),
Ewznv (23,18) ,wriv(8,50) ,wtiv(8,50) ,wziv(8,50),
txne (26019) .YﬂC(ZEn 19) 2NC (26| 19) .Xic(9o51) l‘l’ic(glsl) .Z‘C(9o51) ’
Exnv (281 18) 70V (28- 18) 2NV (28p 18) .XiV(S-SO) .YiV (8-50) 'ZIV (8'50) v
tia,ib

dimension wyct (24) ,w2ct (24)

dimension wyctt (24) ,wzctt (24)

dimension gtemp(26)

dimension mtast(24)

eguivalence (nnve,nnzrl), (nive,nicrl), (hnva,nncal)

equivalence {niva.nical), {nnvrl,nncr2), (nivri,nicr2)

data pi2/9.349604L0L/ '

data pi/3.1L15%2053/

data Ix,ly,lz/"WXC ', "wyg "', "wzc v/

data Ig,lyt,!12t/9GHZ ", "WYCT",""W2CT"/

data 1ts/"TESTY/
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gtemp (Angr)=0.0 cf

itest=0 116

do 80 i=1,nncr .

gtemp (i+1) sgamme (i+1) ' e S
wyett (i) =wyc (i) A x|
w2ctt {i)=wzc (i) OR\G“;;‘R QUA-
continue | s

do S0 iter=},liml

EVALUATE THE DISTRIBUTION CF CIRCULATION AND EPS (TEST VALUE)

6ps-0.
nncriwnncr2-1

TIP LUSS FACTOR

gamme (nnerl) =0.0

do 1 i{=l,nncr2

eps=epstwze (1)

tlem= (wze (i) +fmu) / (etanc (i+1) +wyc (1))
flzmdawatan(tlam)

if(flamda.1t.~. 1) flandas-,15

u=(etanc (i+1)+wyc(i)) /cos (flamda)
alp=flzmda-thetae (i)
lf(abs(alp).g:.alphas.and.alp.gt.o.) glip=aighas
if(sbs(alp) .gt.alphas.and.aip.1t.0.) alp=-alphas
1t(i.eq.nner2) go to 1
gammc(l+l)-pi*pi*1,#sigma*u*alp/bladas

continue

TIP LOSS FACTOR

* TEST VALUE: .Cl TIMES THE MEAMN Z INDUCED VELOCITY

eps=.02%abs (eps) /nner2
egpwl . 5taps
eppe=3.teps

ktestm]

nncr3=nner2-1

do 2 i=l,nncr2

wyct (i) =0.

wzct (i) =0.

wzctr (i) =0,

wyctr (i) =0, -
do 3 j=Y,nner2

wyet (i) swyct (1) +twy (i, }) 2gamme (j+1)
wzct(i)-wzct(i)+th(i,j)ﬁgammc(j+l)
continue

continue

cail loepod

de 1000 i=l,nner2

wyct (i) =mwyct (i) +wyctr (i)

wzet (i) =wzet (i) vwz2etr (i)

do 1100 i=l,nner2

if (abs (wyet (i) ~wyc (i) .gt.epp) ktest=0
if(abs(wzct(i)-wzc(i)).gt.epp) ktest=Q
continue

b ARGt S Lt Tt
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100

150 format ("eps=",f10.5,10x,"epp= ",f10.5)

101
¢
60
€

c

(1]

wmnooo

00000

52

51
110

h

»

»>

%

if(itrell.eq.0) goto 60
write (fwr, 100) iter

format {/" %A% LOOPL #%%k: NITCER=',i2)
write(iwr,101) ly , (wye (kk},kkel,nncr2)
weite (iwr,101) 12 , (wze (kk) ,kk=1,nncr2)
weite{iwre,101) 1g , (gamme {kk) ,kk=2,nncrl)
write (iwr,101) 1yt, (wyet (kk) ,kk=1,nncr2)
write(iwe,i0!) 1zt. (wzet (kk) .kk=1,nncr2)
write (iwr,150) eps,eop

format (1x,al, 1x,6f10.6,/,6%x,6110.6)

continue

CONVERGENCE 1S REACHZD: GOTO 50

if(ktest.eq.l) goto 50

NEW APPROAIMATION OF THE INDUCED VELOCITIES

NO

facn=,2
facvm].-facn

do 6 i=l,nncr2 .

wyc (i) =wyc (i) *facv+wyet (i) #facn
wze (i) =wze (i) sfacvewzet (i) *facn
continue

continue

CONVERGENCE WITHIN LIM1 ITERATIONS
itest=2

if{(liml.eq.!) itest=}
goto 25

RAASHOEOONE OO R A A AR

*

*

continue
if(liml.eq.1) go to 25

* TEST OF CCNVERGENCE FOR THE OUTER LOOP:
* THE CONVERGZD VALUE OF THE INDUCED VELOCITIES :
MUST BE WITHIN (EPS) OF THE ORIGINAL INDUCED VELOCITIES

R
”

ktests] :

if(itrcil.eq.1) write(iwr,150) eps

do 51 i=1,nncr2

mtest (i) =0

if (abs (wyc (i) -wyctt(i)).it.epp2) go to 52
mtest (i) =1

ktest=Q

contirue

if (abs (wze (i) ~wzett(i)).1t.epp2) go to 5i
mtest (i) =mtest (i) +2

ktest=0

continue

if(itrctl.ne.0) write(iwr,110)1ts, (mtest (kk) ,kk=1,nncr2)
format (Ix,ak, I1x,5i!0,/.6x,9i10)

if (ktest.eq.l) goto 25

itest=]

ORIGINAL PAGE 1S
OF POCR QUALITY
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- % HNEW APPROXIMATION OF THE INDUCED VELCCITIES

% AND OF THE DISTRIBUTION OF C'RCULATION

]

> %

facne.5

if(niter.le.2) facn=.,}
facv=l.-facn

if(itrctl.ne,0) write(iwr,200) facn

ge VO
RLPAJ Y

formatg (" #wk LOOPL %t QLD/NEW FACT: FACN=',f10.5) Uf{\G\N a QUF‘L

-~ do 91 i=2,nncrl of POO

gamme (i) sfacnigamme (i) +facvrgtemp (i)

continue

TIP LOSS FACTOR

gamme (nnerl) =0,0

fflitrell.eq.l) write(iwr,101) 1g, (gamme (ki) ,kk=2,nncrl)
do 7 i=l,nncr2

wye (1) =0,

wze (i) =0,

wxetr (i) =0,

wyctr (i) =0,

wzesr (i) =0,

do 8 j=1l,nncr2

wyc{i) mwyc (i) +twy (i, ]) *gamme (j+1)
wze (i) =wze (i) +twz (i, J) *gamme (j+1)
continue

continue

call loop0

do 11 i=l,nner2

wye (i) »wye (i) +wyctr (i)

wze (i) awze (i) +wzetr (i) .
continue

continue

- X COMPONENTS OF THE INOUCED VELOCITIES

do 14 i=},nncr2

wxc (i) =0.

wxetr (i) =0,

do 10 j=1,nnecr2

wxe (i) =wxe (i) +twx (i, j) ®*gamme (j+1)
continue

continue

call lcop0d

do 12 i=]l,nncr2 °
wxe (i) =wxe (i) +wxetr (i)

continue

if(itrell.eq.0) goto 9

write(iwr,111) iter

format (/," %% LOQP] #%ex [AST ITERATION:",i3)
write (iwr,101) 1x , (wxe (kk),kk=!,nncr2)
write(iwr,101) 1y , (wyc (kk),kk=1,nncr2)
write(iwr,101) 12 , (wze (kk),kk=1,nncr2)
write(iwr,120)

weite (iwr,101) 1ye, (wyctt (kk) ,kk=1,nncr2)
write(iwr,101)1zt, (wzctt (kk) ,kk=*1.nncr2)
write (iwr,120) )
write{iwr,101) ig, (gamme(kk) ,kk=2,nncr2}
wreite (iwr,121) e:zp
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104
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format (/." EPP"".flO-G. /)
continue

if(itrace.cq.l.or.itreli.eq.t) write(iwr,103)itest

format (" @&t LOGPY #%% : RETURM CODE : ",i3)

if(itest.eq.2) call out2{1)

if(itest,2q.2) write{iwr,10L) 1iml

format ("' s LOQP1 *%% 2 NO CONVERGENCE WITHIN MoP3,' ITERATIONS'™)
format (1x) :
write(6,7000) (gamme(i),i=2,nncri)

format (5x,"GAMHC=",20f10.5)

write (6,5000) znv(l}.l}),xnv(l}.l}).ynv(13.13)

5000 format(/,5x, ‘ZINV= ’,£10.5, 'XNV= *,£10.5, ‘YNV= ’,£10.5) ORIGINAL PAGS IS -

return OF POOR QUALITY
end
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sudbroutina loopd h
\c.\’cv?“\’ “ax\“
ooR

common/rol 16/wxetr (26) ,wyctr (25) ,waete (25) 0? e
common/rol 110/ wxetr2 (25) ,wyctr2 (25) ,w2zetr2 (25)
comnon/semi/delyz
comman/parm/iwr,ird,itrace,lpsem,nnas,itrew, ftrett,itrei2, itreg,

$litrent,itref,ipiot,icgen,iplotv,itrtg,ivergr,itesi,isamen,issmat,

8limg,liml,lim2,nitar,itrans,ipn,jpunch,iplotw,isw,icont,iplotg,
sipr,iplote

cormmon/gecm/nbldsl nbids,sigma, tmu,atan (25) .knnvre,ctai (6) Lknive,
sltwist,theted (25) ,thata (25) ,thetac (24) , thetal, thetOd, alphas,
8¢cd0,cdk,dosind,dpsin,dosiid,.dosii,coeff,coeffl,c,.s.blades,nnvr,
gtnnva,nnvrl,nnval,nncr,nnca,stanv (25) satanc (26) .nive,niva,nivel,nival,
&nicr,nica, ctatv(&).eta.c(]) ntva.ntvel,ntca, fpsi,fps2,nril,nrl2,irll,
$irl2, imodsl

cemmon/resul/gamme (26) o twx (24, 20) , twy (24, 20) (twz (24,20) ,
Swxc (24) Jwye (24) Jw2e (24) ,wxnc (26, 19) ,wync {26, 19) ,w2nc(26,19),
bwxic(9,51) wwyic(3,51) . wzic(9, 51).wrnv(‘s.la).utnv(28.18).

Sw2nv (28,138) swriv(8,50) .wtiv(8.50) ,waiv(8,50), -
Sxnc (26,19) sync(26,19) ,2nc(26.19) oxic(2,51) ,yic{3,51) ., 21c(9,51),
&an(28.18).VHV(28.18).:nv(28.18).xiv(8.50).viV(S.SO).ziv(s.SO).Ia.lb

common/vel /X,y 2, ux, Uy, uZexl,yl,210x2,¥2.22,x3,73,23. x4, YL, 2h,
sgm,gml.gmi.dgm,it,rho,2pf.tl,ensl,epi2,stra, jgm

dats twepi/6.283185306/

THIS SUBROUTINE CORPUTES THE INOUCED VELOCITIES CN THE BLADE
DUE TO INTERMEDIATE AND FAR WAXE ROLLED UP VCRTICES

nncrleancr-2
nnzrSanncri+d
do 10CC j=3,nncr2
kenncrb-j
it (ans (gamme(k)) . tt.abs (gamme (k=1})) go to 1060
gao to 2CCO
continue
que-gamme (k)
Qq3=gamme (k) ~gamme (k=3)
qlwgammc (h=3) ~gzmnc (2)
fte2
ir12leirt2-1
irl22=iri2-2
nriZlenri2-t
nri22=nri2~-2
do 3C00 imirll,irt2 _ i
1f(i.eq.irll) gmeql
it{l.eq.ir122) cn=q2
1f(l.cq.irl2l) gm=g}
Tf(i.eq.irt2) gmeql
do 31C0 j=1,nival
dpsleens
X!'Xiv(ioj)
yleyiv(i,j)
2lezivii,j)
x3oxiv(i,j*)
yisyivii, j«t)
23=ziv{i,j+1)
phib=Iwopi/blaces
kaoa=ifix(phib/ansii)




Ji100
Jooo

cn
cR

3260

nvspeniva-kapa

philsgpsini (rava=1)+dpsiin(j~1)
if(phil.gt.phib) epsw.!

call coord ‘
it (itrans.eq.0.0r.j.0t.2) call vindb2 (L,
epsdudps

continue

continue

FOR 2 SPIRALS ; 720 degrees

do 32C0 i=irll,irl2
if(i.eq.irll) gmeqlrl.,
if{i.eq.irl22) gmwa2ni,
if(i.eq.irt2l) gmegdni,
i1£(i.eq.irl2) gnequtl.
apfeziv(i,niva)#2-2iv(i,nvsp)
delzwziv(i,niva) =ziv(i,nvsp)

121

oRiGhipL PREZ 13

rhon.Susqre({xiv(i.niva)+xiv(i,nival))as2+(yiv(i,niva)+

tyiv(i,nival))an2)
fte} .
call vincb2(4,1)
continue

return

end

ek
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OUTPUT OF THE RESULTS

ENTRY OUTINT: OUTPUT FOR INTERMEDIATE RESULTS

reallip,lit,lp,Ipi
common/parm/iwr,lrd, itrace, 1psem,nmeg, itrew, itrell, itrel2,itreg,
Litrent,itrcf,iplot,icgan,iplotv,itrtg,ivergr,itast,icamed, . samat,
Slims,liml,limd, niter,itrans,ipn, jpunch,iplotw,isw, icont,iplozg,
Slpr.iplott
cemmon/hparn/ifou
commmon/gaon/ablicsi,nbld=,sigma, fou,etan(25) .knnvr,atal (8) ,knive,
Sltwiat, thatad (25) ,theta(25) ,thetac (2L}, thats0, thetQd,alphas,
cal,cdk,dpsing,epsin,epsiid.dpsii,ccaff, . confti,c,s.blades,
génnvr,nnva,nnvrl,nnval.nncr,nnca,atanv (25) ,etanc (26) .
$nivr,niva,nivel,nival,nicr,nica,etziv{g) .ataic{(?),
tntva,.nval,ntca.fosl,fps2.nrtl, nrll,irll,irl2, incdal
comman /resul/gammae (26) 4 twx (24, 24) , twy (24 ,24) 2wz (2L, 2L) .
Ewxe {24) swye {24) ywze (2L) Jwxnc (28, 15) .wyne (25,19) ,wznc (26.19),
Ewxic (5.5” sWYiC (9.5” Mic (905” owrnv (23,13) owtnv (28,18),
Swznv (23, 18) swriv(§.59) ,wtiv(8,50) .wziv (8,30},
txnc{25,13) ,¥ync (26, 19) y2ne (26, 15) oxic (9.51) .yic{5,51) -2i¢(9-51) .
&xnv (28. 18) wynv (280 18) .ZHV(28. XS) oxiV(BOEO) .YGV (8350) .ziV(B-SO) .
gia,id .
common /otdata/nsi (28) .r (28) ,gme (24),
Ewxt (25) swyt {25) .flamaa {24) Ju(24) ,atphal2s) ,dip(2L) . fYip(24),
3dp(24) . 1P (24) , tap (24) L tp (24) o P (24) L t1ip (24) WX (28) ,yt {(28),
Swt (28) Jwr (28)
comnon/tenp/it]
equivaience {(nnve,nncrl), (nivr,nicrl), {(nnva,nncal)
equivalence {niva,nical), (nnvri,nncr?), (nivri,nicrl)

data
data
data
data
data
data
data

pi2/9.8656Cu4/
pi/3.141592¢53/

tata, lwxe, iwye, Iw2e/VETA
fu ,lgoae,lizm, talp/™*y
fthe,1tip,itip,iflp/"THE
tdp ,ltdp,ifdp,1tp /'"OP

ll.llwxc
IO."GNC
" o"L l P
" R NTDP

"."HYC u.nuzc u/
"."LM “.'{ALP u/
"."TLIP"."FL!P"/
“."FDP "."TP ll/

latn,ixn ,lyn ,12zn /"ETAN" XNV YNy % BINV 7

data leti,txi 1yl ,12i /YETAIY,"XIV " wyqy # nzpiy ny
data lwrn, Iwtn, Ivan/"WRNVY WTNVY  PWZNY/

data lwel, Iwti, iwzi/"WRIV" ,"WTIV", "WZiyY/

data Ir ,lpsi/"R LIRSt Wy

data Ifp/"Fp 'Y/

data ltwy, ltwz/"TWY " "TWZ */

format {1x,aL,1x.9f10.6,/.6x.9¢10.6)
format(1x.ak.:x,8f10.3./,6x,9710.3)
format (ix)
fornmat{iL)
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123
welte (iwe, 100)
format (10x,//."FRIE WAKE NALYSIS“)
write (iwr,196) cdd,.cdh
formai (//,10x,"(COOs", 15,3,", COKe" £5,3,')")
goto 4LO

ORIGINAL PAGE 13

LTy
entry outint2 OF POOR QUA

{outet}

write(iwr,101)nitar

format (1h1,15x,"FREE WAKE ANALYSIS

6" (INTERMEDIATE RESULTS, ITERATION NUMBER:“,13,1h))

continue

1teQ,
ip=0.
I\pi=0.

TIP L0SS FACTCR
gomne (nncrl)=0.0

do ] i=],nnecr2
tiame (wae (i) «fry) /{atanc (i+1) ¢wyc (i)

flamda {i)wesanictam)

u(i)e(etanc(i+i)+wye (i) /cos {f1amda(i))
atpha(id=flamaa(i)-thatac(i)

alphalwalpnaiiy
it(acs(alpna(i}).gt.alphas.and.alpha(l}.¢t.0.) alohalealphas
if(cbs(alpna(i)).3t.alphas.and.alpra(i).1t.0.) alpghale-3iphas
if(i.aq.nncrl) go to 1000

gmc (i) wpinpinsigmant,.tu(i)nalphal/blades
cdmcod+cdkmalpha (i) w2
1f(abs(alpha(i)).gt.aliphas) comd, fcdO+cdk®alphs (1) an2
lip(iYwyu(i)gme i) '
tlipli)»lig(i)Acos(flanda(i))

flip(i)e=lip(i)nsin(fiamds(i))

dp (i} =u (i) ru(i) 2 (pinsigma/blades) rcdn.§

fdp (i)Y wdp (i) ncos (flamda (i))

tan (i) mdp i) nsin(flamaali))

tp(i)=tiip () +tap (i)

fp(id=flipl(i)+fap(i)

Tteit+tp(i)n{atsnv(i+1)=gtanv(l))
Ip=lp+fp(i)a(etanv{i+l) M2-atanv (i an2)
Inimipi+flipli)n{ctanv{i+l) tn2eetany (i) )

cant i nye

Itwitablades/pi

Ipelpiblages, (pinl.)

Ipi=ipinblaces/(pin2.)

tapw.Jintt

tapp=ltl-it

if (abs {tapa) . It.aks (tan)) write{iwr,105)

format{//," CONVERGENGCL TOR LT REACHMED™,.)

Teimit

if(itmy.cq.di 90 to &

D e o
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cpelp/frunny ¢
etele/faunn) e
stepmct/cp
continue
writa(iwr,1!0) tets, (atanc(i),i=2,nncrl)
weite (iwr,120) S
write{iwr,110) iwxe, (wxec (i), 1=l ,nner2) p&ﬁi(vi
writa{iwr,1310) lwye, (wyc(i),isl, nncr2)
write (iwr,110) lwze, (w2zeli),i=1,nncr)
write (iwr,120) 0?
wrelte (iwe, 110) 1y, (u(1),lel,nner)
write (iwr,110) Igme, (gme (i), Iwl,nncr2)
writa(iwr,120)
write(iwr,110) 112m, {f1znda(l) . i=1,nncr)
write(iwr,110)1alp . (alpha(l),i=l,nncr2)
write (iwr,110) Itha, (thetzc (i) i=l,nnerl)
weita (fwr,120)
write (iwr,110)10ip, (Vip(i),i=l,nnecra)
weite(iwr,1i0)1tlp, (tlip(i),i=sl,nnerl)
writa(iwr,110)1€1p, (FLip(i),i=l,nncr2)
writa(iwr,110)1dp ,(dp (i) ,inl,nncr2)
write{iwr,110) Itdp ,(tap(i),i=t,nncr2)
write(iwr,1:0} 1 fdp , (fap(l).im},nncr)
write(iwr,11C)tep ,(tp (I),i=l,nncr2)
weita(iwr,110)1fp ,(fp (i),iml,nncr2)
write(iwr,120)
if{ifmu.ne.0) writa(iwr,88) it,lp,ct,cp.ctep
if(itmu.cq.C) write(iwr,83) It,lp
format(///,i0x,"LT «'",e12.5/10x,"LP =", @12.5/10x,"CT w" . ai2.5
8/10x,'"CPs=",012.5//9x"CT/CPu" 012, 5//)
wriza{iwr,89) 1pi
fornat{///,10x,"LPl = " @12, S)
write (iwr,109)
format(lhi)

if (lout.eq.2) return

continue

fwe]

nvrenri?
write(iwr,110) Yatn, (atanv (i), i=1,nnvr)

do 10 jel,nnva

write(iwr,140)]

writa(iwr 11C) 1xn , {xnv (i, }),imaril,nr12)
write(iwr,110) tyn , {ynv(i,}),i=nrll,nr12)
writo (iwr,110) 12n , (xnv(i,]) ,ienrit,nri2) .
write (iwr,120)

write (iwr,110) twrn, (weav(i,j),l=nrit,ar12)
weite (iwr, 110) twen, (wenv(i,j)},ienrit, nri2)
write (rwr,110) twzn, {wanv(i,j),i=nr1l,nrt2)
do 12 i=nril,nrt2

wr (i) owenvii,j)

wt (i) =wenv (i,;)}

xt (1) wxnv (i, )}

yt (i} =ynv(i,j)

continue

goto 10

continue

continue

B ]

e A e it B A R T4 £ U B

it R wat

IR RS

e At D e i it

e i ——— s ki



21

k43
Ll
Lu5

93
291
202
203
ch

56

i} % nr e e s e e Sie 8 e e e— ——p o T
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avresirl2 .
write (lwr,110) leti, (etaiv (i) ,i=l, nivr)

do 20 j=l,niva

write(iwr, 1L0) j

wreiteliwe, 110Yixi , (xiv{(i,j),imiril,irl2)

wreite(iwr,t10M1yi ((yiv(i,j),i=tell,irl2) OHIGIRAL PAGE 15
welite (iwr, 1300120 , (Ziv(i,j) Jimirtt,ir12) oF POOR QuALTTY

write (iwr,120)

write{iwr, 210} bwri, (wriv(i,]),imicll,irl2)
write (iwr,§10) twti, (weiv(i,j),i=iril,ir12)
write(iwre; 110) twzi, (wziv(l,j),iwirl},ir12)
do 22 i=ijrll,irl2

wr ({)owriv(i,])

wt(i)=wtiv(i,])

xt(i)oxiv(i,j)

ye(i)=yiv(i,j)

continue

goto 30

continus

continue

format (8f10.65)

format (9f8.4)

format (6f10.5)

write{(iwr,203)

do 93 i=l,nncr2

write (iwr,201) Ltwy, (twy (i, k) ,k=1,nncr2)
writeliwr,201) ttwz, (2w2 (i,k) ,k®l,nncr2)
weite{iwr,202)

centinue

format (1x,ai,!x,9f13.9/6x,5f13.9)

farmas {//}

format (" INFLUEHNCE COEFF. TW(!,K)AGAMMA (K) =Wi (1)"/)

if{imodel.ne.2) go to 204

do 55 j=1,nnva

write(iwr,140)j

write{iwr,110) ixn , (xnv{i,j),i=1,nnvr)
write(iwr,110) lyn , (ynv(i,j).i=l,nnvr) .
write(iwr,110) 12n , (znv(i,j),i=1,nnvr)
write(iwr,120)
write{iwr,110) lwrn, (wrnv(i,j),i=1,nnvr)
write(iwr,1:0) iwtn, (wtnv(i,j),i=t,nnvr)
write{iwr,110) lwzn, (w2nv(i,j),i=1,nnvr)
do §6 i=l,nnvr

we (i) =wenv (5, ])

wt (i) =wtnv(i,j)

xt (i) =xnv(i,])

yti{id=ynv(i,j)
r(i)msqro{xs (i) #a2+yt (i) #02)
ceuxt (i) /r (i)

sswyt (i) /r (i)

phizataniyt{i)/xt(i))

if{xt(i).1t.0.) phi=phi+pi

if ((xt(i).gc.0.).and. (yt(i).1t.0.)) phi=phi+pi+pi
psi (i) m57.2055phi

contirue

weite (iwr,120)
write{iwr, 111} 1psi, (psi (i), i=1,anvr)

.—— P
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. 204

30

i

Lo s -

write(iwr,110) 1r . (P (1), i=l,nnvr)
write(iwr,120)

continue

return

continue

8 (iweag.l) 1je=nril of
i (iweeq.2) ijeirtl

do 31 i=ij.nvr

r (i) =sgre (xt (i) an2+ye (1) 242)
ceext (i) /r (1)

sseyt (1) /r (1)

phi=atan (yt (i) /xc{l))
te(xe(i).1t.0.) phi=phi+pl
lf((xt(l).gc.o.).and.(yt(t).lt.o.)) phimphi+pi+pi
psi (i) =57.2962phi

continua

write (iwr,120)
writa{iwr,111) 1psi, (psi (1), I=i],nvr)
write(iwr,110) tr , (r (1) i=ij,nvr)
write (iwr,120)

1f(iw.eq.1) goto 11

goto 21

end
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TABLE 2

Ol PAGEID
OF pCOR QUALTY .

etanv

etanc

gammc /Gme
gunmel }
gammt2

gnln
gnan
hammel }

hamme?2
hmln
hm2n

twx

twy

twz

Radial positions of the blade stations and the near wake

‘vortices before they deform

Radfal positions of the blade centers
The bound circulation distribution

Strength of the root and tip vortex in the near wake, due to

a unit circulation discribu:ion

First and second lumped strengths of the vortex shect elements

in the near wake

Coefficients for gammtl, gammt2 respectively

Note: by definition: gammtl(i) = 2 thammtl (i,3)*
- gamme (§+1)

Coefficients for gmln, gm2n respectively.

Soce: by definition: gmin(i) = 2 lmln (L,§) * gammc(§+1)

X.¥,z components of the influent coefficlent. They are the
ifnduced velocities at the blade centers due to a unit bound

circulacion
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wriv

wziv

wrnv

wtnv

WXCLT

wyctr

wzctr

wkive
wylve

wzivr

wxne

wznc

WANVY

wynvr

wznve

wtiv .

H
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Radial, tangential and axial components of the induced velocity

at node (1,j) of che intermediate wake vortices

Sane as wriv, wtiv, wziv, but for intermediate wake vortices

X,y,2 components of the total induced velocity at the blade
centers. For example: wxc(i) = wxctr(i) + 2 twx(L,j) *

gamec (J+1)

X,y,2 components of the induced velocity at the blade cencars

due to the intermediate and far wake vortices

X,¥,2 components of the induced velocity at rolled up vortices

in the {ntermediate wake

X,y¥,z components of the induced velocity at centers of the

near wake (at coordinates xne,ync, znc)

X,¥.z components of the induced velocity at the anticipated

rolled up vortices iu the near wake
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ynv

znv
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X,y,2z cartesian coordinates of the node of intermediate wake

vortex

X,y,2 cartesian coordinates of the center of near wake vortex

.

Same as xiv, yiv, ziv but now these are for the near wake.
Xnv 13 the x coovdinate of the node, located on the stream lines

originating from the blade stations (etanv)
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variables
alphas
capk

¢do, edk
cgl

cg2

cgl

cgéh

coeffl/coeff

del3

dpsiid

dpsind

N T G O

+ . Q E‘
stall anglé’uﬂ radians) OR\G\Ng; %QN.‘”
’ - * » OF FO

elliptical f{ntegral of the first kind
2
drag coefficients (cd = cdo + a” cdk)

spanswise location of the rolled up root vortex
spangwise location of the rolled up 2nd middle vortex } at =0
spanswise location of the rolled up lst middle vortex

spansvise location of the rolled up tip vortex

parameter of root and tip vertices

(parameter k)

Vertical spacing between the last nude of the intermediate

wake and the starting location of the far wake.

azimuthal size of each vortex element in the intermediate

wake
same as dpsiid but for the near wake vortex element

elliptical integral of the second kind
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etan
fmu
fpsl

fps2

imodel

it

itest

.

RIGINAL PREE
8::‘?005! QUR;-\N

thickness of the rectangular vortex alement

core radius of the segzment element

same as etanv

advance ratic

same as epsl

same as eps’

= 2 ! second vortex sheet model

= 3 : third vortex sheet model

= 4 fourth vortex sheet model

rolled up
rolled up
rolled up

rolled up

= 1. the
w 2+ the

= 3: the

root vortex

tip vertex all in the
first middle vertex intermediate
second middle vortex wake

vortex is a sheet/rectungular element
vortex is a filament/segment element

vortex is a slmi infinfte cylinder

= 0 ' convergence is reached

= 1. convergence is not reached, but the iteration

on the bound circulation has converged

= 2! the

iteration on the bound circulation deoes not

converge within the 1liml limic.

r i3 131
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lin 1

1im 2

Ltwist

nhlds

niva

nige:

unca

nncal

ancr

nncrl

naer
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gane as nnvr.

limit of the number of iterations on the bound

circulation

limit of the number of iterations on the wake

geometry

=1} tuisted blade

=(Q ; untwisted blade
= number of rotor blades
= number of aximuthal nodes in the intermediate wzke

= curzent loop index for the iteracion on the wake

geometry

= it is the number of centers in the azimuthal direction

of the near wake (equal to nnva +1)
equals to nnca -1, equivalent to nnv 2

it is the number of centers in the radial direction

of the blade and near wake.
equals to nner -1, equivalent to navr

equals to nncr -2, equivaleat to navr L
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nnva

nnval

navr

nnvrl

ntva

rho
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nunber of nodes in the azimuthal direztion of the

near wake.
equals to nnva -1

number of stations/nodes in the radial direction

of the blade and the near wake.

equals to nnvr -1. It is the number of vortex elements

of the near wake (due to tip loss)

anticipated rolled up root vortex \
anticipated cclled up tip -rortex in the
anticipated rolled up first middle vortex near wake

anticipated rolled up second middle vortex /
arli must be higher than nnvr. If there are

only 3 rolled up vortices, then the nrl22 is not used.
same as nnva

strength. of the rolled up root vortex

strength of the rolled up second middle vortex
strength of the rolled up first middle vortex

strength of the rolled up tip vortex

radius of a vortex cvlinder in the far wake
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sigmn

thetad

uy

usz

utl

wil

uis

(4]
©
v,
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solidity of rotor

the pitch angle at each apanswise station (in degrees)
For untwisted dlade, thatdd uquale to the pitch

angle (in degrecs) must ba specified.

x,y.2 corponents of the induced veloctity

due to one vortex element.

vertical velocity {nduced at a segment elemen: due to

a vorzex ring (excluding the self-contridution).
lamb vortex riag self-induced velccity.

ejuals to vilewy, i3 the self-elazent vertical tnduced

velocity.

point at which the {nduced volocities are computed
ccordinatas of the firset point.on tha recrangular

on the gegaent clament

coordinates of the second ﬁoin: on the rectangular
element

cocordinates of the third point on the rectangular

elenent or the second point on the segaent element

coordinates of the fourth peoint on the rectangular

elemaont

starting infal locatfion a2 the vorsax :ritader
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Table 3
Qutout Variables
ALP angle of attack
pP - drag distritution
ETA location of blade centers
Fdp . {n plaue component of the drag force
FP thrust distribution
G bound circulation di{stribution at the blade centers
LaM in flow anrle
LIP in plane component of the lift
Lp pover cocfficient = agﬁfz;——-
LT thrust coefficient = Sgﬁrif—

2SI axinuthal position (ia degrees)

note: the range {s from 0 to 360 dezgraes

R radial position of the node in the particular PSI
THET pitch angle

TLI? thrust component of the lift

P In plane ccnponent of the force distribution

™wX

™Y ) Same as in Teble 2

Y4

U resuitant of the induced velocity relative to the

blade
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WRIV
WTIV

wZIv

E

XIv

v

v

XV

L 136
. L s\3 >
| p%” .
Same as {n Table 2 gp&-vgr&s‘q
oﬂ\c’“ or &
of
E&e' pV
ok A
Same as {n Table 2 ‘

X,¥,2 component of the {nduced velocicy at the

blade centers

Saze as ia Table 2

Same as in Table 2
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Table 5. FLOW CHART

input data

4
-~ ‘v gemi-rigid wake
initial’estinate of bound circu-
. lation I®d wake geometry
(semri 2)

inicial rollup process
(compa)

i/

compute the Jtrength of vortex
elements, control the induced

Al

velocity computation and the
roll up process (loop2l)

J

induced velocity everywhete
- (vind2, indvel, wmofc)

AV

new wake geometry
(intgr)

N

new weighted
blade induced
velocity

LR

N/

L/
new bound circulation
(loopl2, loop0)

T
S

) convergent
no on bound
test

circulation
Joopl2}

convergent
test on wake giometry

—_ ]

output
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1im2=20 S

nbidsi=2, ltwist=i, knnvr=i8, knivreg,

niva=35, sigma=0.0L5L, dpsind=10., dosiide=20., alphas=.2, ¢d0=,014,
cdkw.5, fpsi=.03, fps2=0.01, coeffl=1.0, ntva=5, fau=0.,
lhctad¢16-95915.3.1&.2.13-65;12.55’10-9.10.“6.9-91.9.69.9.25.8.7:8-“-
8015-709307~71o7-59.7.22.7.05.
etan®.1,.25,.35,.40.5+.65,.690.744.76,.8,.85,.88,.9,.92,.94,.36,
‘985!100'

etai=0.1,.25,.6,.85,.85.1. $






