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SUMMARY

This report presents the resulis of the phase change paint tests of a
Rockwell International .00593;scale Space Shuttle Orbiter conducted in

the Langley Research Cente;'s Variable Density Wind Tunnel. The tests were
conducted in three parts: OH-424, B and C from May 14, to May 18, 1973;

May 24, to June 1, 1973, and June 14 to June 15, 1973 respectively.

The test objectives of OH-42A and B were to determine the effects of various
wing/underbo&y configurations on the aerodynamic heating rates and boundary
layer transition during simulated entry conditions. Several models were
constructed. Each varied from the other in either wing cuff radius, airfoil
thickness, or wing-fuselage underbody blending. Two ventral fins were glued
to the fuselage underside of one model to test the interference heating
effects. Simulated Mach & entry data were obtained for each configuration

at angles of attack ranging from 25 to 40°, and a Reynolds Number variétion of
1lx 106 to 8 x 106‘ Elevon, bodyflap, and rudder flare deflections were

tested on Configuration No. 4.

0il flow visualization and Schlieren photographs were obtained to aid in
reducing the phase change paint data as well as to observe the flow patterns
peculiar to each configuration. A4 total of 22 and 64 runs were conducted

during OH-42A and B respectively.

The objective of the OH-42C tests was to determine the éffects of 17° and 3,°
leading edge sweep trimmers on the underbody aerodynamic'heating rates during
simulated entry conditions. Mach 8 data were obtained for angles of attack
of 25, 30, and 35° and Reynolds Numbers of 1, 3, and é x 106. Twenty-four

rung were conducted during CH-42C.



SUMMARY -~ Continued

This report makes no attempt to analyze the data obtained, but outlines the
model description, testing procedure, data reduction,- and presents the rhase

change paint data.

Cognizant personnel include:

M. Quan ' Wind Tunnel Operations

W. Dye .~ Wind Tunnel Operations
J. Cummings I;Jind Tunnel Operations |
C. Craig Aerothermodynamics
H.A Gorowitz Aerothermodynamics
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NOMENCLATURE

Cp = BSpecific heat of model material (BTU/LB°F)
g = Oravitational constant (32.2 lbm/1bs £t/sec2)
h = Model thin film heat transfer coefficient (BTU/FT2-sec—°F)
hg = Theoretical thin film heat transfer coefficient (BTU/FT2-sec-°F)
'k =. Thermoconductivity of model material (BTU/FT-sec-°F) or as noted
Mg = Tunnel freestream Mach Nﬁmber
Nro = Model nose radius (Ft)

PpoTAL = Tumnel total pressure {psi)

q =  Model aerodynamic heating rate
R = Universal gas constant = 53.35 EZ}E}_‘OR
t = Time in seconds "
T;zw = Model adiabatic wall temperature (°F)
Ty = Model initial temperature (°F)

- ToPropar, = Tunnel stagnation temperature (°F) -

Tpc = Phase change paint melting temperature (°F)
Pr = Prandtl number

Greek Symbols

ol = Angle of attack,@egrees
¥ - Ratio of specific heats (1.4)
P:, = Tunnel stagnation dénsity (1bg/ft3)
e”. = Air density along model wall (lbm/ft3 )
M5 = Stagnation air viécosity (1by/ft-sec)
/w = Air viscesity along model wall (lbp/ft-sec)



NOMENCLATURE - Continued

Subscripts
8 = Theoretical
w = Freestream
o = Stagnation conditions
.aw = Adiabatic wall
IN = initial
=  model wall
B = angle of sideslip, degrees,

unless subscripted otherwise



TEST FACILITY DESCRIPTION

The Langley Mach 8 Variasble-Density Hypersonic Tunnel 1s located in
Building 1247D and is under the direction of the Aero-Physics Division.
-This tunnel is used for fundamental aerodynamic-and fluid dynamic inves-
tigations over large Reynolds number ranges using pressure andrheat trans-
fer measurements, The test medium is air and is heated by a combination
ofIDowtherm and electrical resistance. Model mdunting consists of sting .
mount with injéction mechanism. The tunnel has an axlally symmetric con-
toured nozzle. The test sectioﬁ diemeter is 18 inches with a.coré of b
“to 14 inches depending on pressure. It exhesusts into a vacuum tank or |
the atmosphere.

Examples of operating conditions are as follows:

Stagnation pressure (PSIA)...;.. 15 te 2930
Stagnation temperature (°R)..... 1160 to 1510
Mach NOIDET.sesssnsssarnniseeras 705 to 8.0 o
Reynolds number per foot (l/ft) 0.1 x 106 to 12.0 x 106
. Running time (SEC), for
Exhausting into vacuum tank 90

Exhausting into atmosphere 600



L6-0 MODEL DESCRIPTION

The medels tested were .00593 scale, full—épan models of various Rockwell

International Space Shuttle Orbiter Configurations (Models 46~0).

Eight orbiter models were provided in six different configurations defined by

the reference drawings below. Configuration #1 uses the 139 Orbiter Configura-
tion. Configuration #2 differs from #1 only by the 500-inch leading edge cuff
radius, Configuratibn #3 is £he same as #l, except for airfoil thickness,
Configuration #4 is the same as #1, except that the underside of the wing—bodf

is smoothly faired to an saucer shape. Configuration #5 and #6 are the same

as Configuration #4, except with the addition of a 17° and a 34° trimmer
respectively. Of the eight models, seven were actual test articles, and one

was painted with a stripe-reference system to facilitate the data reduction.

The models were cast around a steel sting using the Grumman Aerospace Corboration's

proprietary Material “Gn,

In order to obtain valid melting-rate data, the upper surface of each wing was
slabbed using two control butt line stations., At B.L. 199.045, the section was
slabbed in a straight line from the LO percent chord to a trailing edge thickness
0.21-inch. At B.L. 468.34, the slabbing wés from the 40 percent chord to a
trailing edge thickness of 0.060-inch. The rest of the wing was slabbed from the
40 bercenb chord to a str;ight line between these twb'points on the trailingledge.
The elevon, rudder, and body-flap deflections were separate wedge pieces and

were glued on when needed. The control surface deflections tested were as

follows:

10



46-0

MODEL DESCRIPTION - Continued

Listed

No. of
Models

Elevons (both sides): 0° and +10° (positive deflections are
trailing edge down)

Body flap:

Rudder:

O° and +10°

20° flare on starboard side only, port

undeflected.

below are the configurations tested:

Model No.

46-1
L6-2
k6-3
ho-4
L6-5

466

Draﬁigg No.
VL 70-000139

VL70-000130 Mod.
VLT0-0001.394
VI70-0001394 Mod.

VL 70-0001394 +17°
trimmer

VI.'ro-ooo:LsgA— +340
trimmer

(Reference Sketch 16)

i

Components
B (O My FHy 6 3Ean V7R,
By 7C7MyFoi05820VTRs
By 7C M Pt o1 Eop VTR
By 707, F5 W1 06F22VTRs
B 7C7MF5W06"22VTRs ) 6

By 7CMy P50 gBan VRl 7



Space Division
¢ Fockwell internationat

MODEL COMPONENT; Body (B;)

l.: . BRI
GEMNERAL DESCRIPTION: Basic fuselage for models 46-1, -2, =3, -4.

Model Scale = 0.00593

‘ DRAWING NUMBER . . _VYL70-000139 _
DIMENSION: S o FULL SCALE  MODEL SCALE

Length ~ fn. . 1290.3 ' 7.65148
Max Width ~ in. _ __267.6 1.58687
Max Deptha- in. ' 245 1.44988
Fineness Ratio . L.82175 .L.BZI'IS_
Area . Ft? '

Max Cross-Sectional __386.67 __b.01360

Planform : : : :

Wetted

Base

12

SD 73-SH-0122



Q Space Division
A Af; J Rockwell International

MODEL COMPONENT; _ Canopy (C;)

GENERAL DESCRIPTION: 3-configurations per lines VL70-000139. Insufficient

information to complete dimensional data at this time. -

Model Scale = 0.0175

DRAWENG NUMBER . i VL70-000139

DIMENSION: FULL SCALE MODEL SCALE
Length (Sta. Fwd. Bulkhead) 432.70 - 7.57225
Mox Width  (T.E. Bulkhead) 571,40 © 9.99950
Mox Depth (WPZ_ = ____ to Z = 501)

‘Fineness Ratio

Area

Max Cross-Sectional

Plonform

Wetted _

Base

13 SD 73-SH-0122



'Q Space Division
’ & Rockwell International

MODEL COMPONENT;  OMS Pod (M;)

Gr s R ' v
GENERAL DESCRIPTION: - OMS Pods located on the aft orbiter fuselag;e..

Model Scale = 0.00593

DRAWING NUMBER . VL70-000139

DIMENSION: . _ - FULL SCALE MODEL SCALE
Length . in.. __ 360 2.05178
Max Width ~_ in, - 108.0 _0.64041,
Max Depth _._ in, 113.0 113.0

Fineness Ratio

Area

Max Cross-Sectional
Plonform

Wetted

Base

G, of OMS Pod

WP = 463.9 in. F.S.: WP 400 + 63.9 = 463.9
BP = 80.0 in. F.S.

Length 1214.0 to 1560.0 = 346.0 in. F.S.

NOTE: Mh identical to M3 of 2A confipuration except intersection to body

1k
SD 73-5H-0122



Space Division
Rockwell International

MODEL COMPONENT; _Body Flap (F5)

GENERAL DESCRIPTION: Body fiap located on the lower aft end of the
orbiter fuselage. ’ ;

Model Scale = 0.00593

VL70-000139

DRAWING NUMBER

DIMENS| ON: FULL SCALE  MODEL SCALE

Length .~ in. ' 84.70 ©0.50227

Max Width ~. in. 267.6 1.58687

Max Depth ' ' '

Fineness Ratio

Area —~ ft2
Mox Cross-Sectional L o
Planform 1425195 0.00501
Wetted
Base 38.0958 © o 0.00134

15 .
SD 73-SH-0122



Space Division
. Rockwell international
Wing (W,..)—New lightweight orbiter )

MODEL COMPONENT: 103

GENERAL DESCRIPTION: Orbiter wing ifor model 4'25‘-1 5

NOTE: Dihedral angle is defined at the lowey surface of the wing at the 75.33 percent

element line vroiected ipto a plane perpendicular to the FRL.
Model Scale = 0.00593

16

VL70-C001
TEST NO, DWG. NO. i _39
DIMENSIONS "FULL~SCALE MODEL SCALE
TOTAL DATA 2 ,
Area, (Theo.) ft ‘
Planform ) i 2690.00 _0.09459
Span, (Theo.) 1n. T936.68___ § gggg
Agpect Ratio _2.265 2.2
Rate of Taper 1. 177 1177 RSy
Tapeyr Ratio T0.%0 000
Dihedral Angle, degrees (@ T.E. of Elevon) 3.500 3. 500
Incidence Angle, degrees 3.000 .000
Aerodynamic Twist, degrees +3.000 +3.000
Sweepback angles, degrees m——T -
Leading Edge 4,5.000 515,000
Trailing Edge ~10. 24 -10.24
(.25 Element Line 35,209 , 15,209
Chords: s ———— —E———
Root, (Theo.) B.P.0.0. 689. 2, 4.08719
Tip, {Theo.) B.P. 137.65 "D. 81745
MAC 474 .81 2.81562
Fus. Sta. of 0.25 MAC 113569 6. 74176
_W.P. of 0.25 MAC 259. 20 177626
B.L. of 0.25 MAC 2. 13 1.08003
EXPOSED DATA 2
Area, (Theo.) ft 1752.29 0.06162
Span, (Theo.) in. BP108. 72058 A.27§52
Aspect Ratio : 2.058 2.058
Taper Ratio 0.2451 0.2451
Chords
Root BP108 562,40 0
Tip 1.00 b/2 137.85 0. 8L7L5
MAC 393.03 2.33067
Fus. Sta. of 0.25 MAC 1185, 31 7.02889
W.P. of 0.25 MAC 300. 20 1.78019
B.L. of 0.25 MAC 143.76 0.85250
Airfoil Section {Rockwell Mod NASA)
XXX X~64 :
Root b/2 = 0.425 0.10 .10
Tip b/2 0.12 0.12
Data for {1) of {2) Sides
leading Edge Cuff , :
Planform Area ft 120,313 . _0.0042%
Leading Edge Intersects Fus M, L. @ Sta _560.0 3,32080
Lleading Edge Intersects Wing @ Sta 1035.0 6.13755

SD 73-SH-0122



0 ‘ Space Division
A Rockwell International

GENERAL DESCRIPTION: Orbiter wing for Model 46-3. NOTE: Dihedral

Wing (w104

MODEL COMPONENT: y—New lightweight orbiter

angle is defined at the lower surface of the wing at the T5.33-percent element line

projected into a plane perpendicular to the FRL, .

Model Scale = 0.00593

TEST NO. o DWG., NO. VL70-00013%9A
DIMENSIONS : : FULL-SCALE MODEL SCALE
TOTAL DATA 2
Area, (Theo.) Tt~
Planform : ) A 2690.00 0.09459
Span, {(Theo.} in. ; 935.68 B 55451
Aspect Ratio 2,265 2.765
Rate of Taper 1.177 1.177
Taper Ratio 0,200 0.200
Dihedral Angle, degrees (& T.E. of Eleven) 3.500 3.500
Incidence Angle, degrees 3,000 3,000
Aerodynamic Twist, degrees . +3.000 +3.000
Sweepback Angles, degrees. —— —_—
Leading Edge 45.000 15,000
Trailing Edge 10,290 -10. 24
. 0,25 Element Line 35,509 . 35,209
Chorgszt (Theo.) B.P.0.0 | 689,21 ' 08719
00T, eo. [R o 0 T Y 20 - 0871
Tip, (Theo.) B.P. 468.341 _ 137.85 0. 81745
MAC ‘ L7681 2. 81562
Fus. Sta. of 0.25 MAC _ 136,89 671176
_W.P. of 0.25 MAC . 299,20 1.774,26
B.L. of 0.25 MAC . 182.13 1.08003
EXPOSED DATA 2
" Area, (Theo.} ft . o 1752.29 0.06162
~ Span, (Theo.) in. BP108 * 468.341 . 720.68 k. 27363
Aspect Ratio ' : . 2.058 2,058
Taper Ratio ) . 0.2,51 0.2451
. Chords
Root BP108 562,40 3.33503
- Tip 1.00 b/2 - 137.85 0.617L5
MAC . 393.03
_Fus. Sta. of 0.25 MAC 11RE . 21 5 0o
W.P. of 0.25 MAC ' 200 .20 178019
B.L. of 0.25 MAC 143,76 0. 85250
Airfoil Section (Rockwell Mod NASA) :
: XXX X~ 64 0.12 0.12
Root b/2 = 0.425 _ . :
Tip b/2 = 1.00 012 0.12

" pata for (1) of (2) Sides
Leading Edge Cuff 5 : 1

Pianform Area  ft T20.33 - __0.CCL23

Leading Edge Intersects Fus M. L. @ Sta 560.0 3. 32080

Leading Edge Intersects Wing @ Sta ‘ 1035.0 6.13755
NOTE: W,,, identical to W163 except airfoll thickness. SD 73-SH-0122

1T



m Space Division
A7 Bockwedl International

MODEL COMPONENT: Wing (W105)-—New lightweight orbiter

GENERAL DESCRIPTION: Crbiter wing for Model 46-2.

NOTE: wlOS identical to wlOS except 500-inch radius used to comnect cuff to wing.

Model Scale = 0.00593

TEST NO. : ' " DWG. NO,  VL70-000135 MOD
DIMENSIONS: : FULL=-SCALE MODEL SCALE
TOTAL DATA 9,
rea, (lheo.) ft™: : N
Span, (Theo.) 1in. o U36.68 5. 55451
Aspect Ratio ' 2,265 2.265
Rate of Taper : ' ~1.177 1,177
Taper Ratio 0,200 ' 0,200
Dihedral Angle, degrees 3.500 3,500
Incidence Angle, degrees 3.000 3.000
Aerodynamic Twist, degrees | +3.000 +3,000
Sweepback Angles, degrees: : .
Leading Edge 45.000 45,000
Trailing Edge - =10,24 -10,24
0.25 Element Line 35,209 35.209
Chords: : -
Root, (Theo.} B.P.0.0. 689.24 4.08719 .
Tip, (Theo.) B.P, ) 137,85 0.81745
MAC ’ ’ 474,81 2.81562
* Fus., Sta. of 0.25% MAC 1136.89 6.74176
W.P. of 0.25 MAC 299.20 1.77426
B.L. of 0.25 MAC 182.13 1.08003
EXPOSED DATA 2
Area, (Theo.) ft ' 1752,29 0,06162
Span, (Theo.) in. BP108, 720,68 4,22363
_Aspect Ratio : 2.058 2,058
Taper Ratio 0.2451 0,2451
Chords
Root BP10S 562.40 3.33503
Tip 1.00 b/2 137.85 0,81745
MAC : o 393,03 2.33067
Fus, Sta. of 0.25 MAC 1185.31 __7.02889
W.P. of 0.25 MAC : , 300.20 1.78019
B.L. of 0.25 MAC 143.76 D.85250
Airfeil Section (§§§§w§}1 Mod NASA)
Root b/2 = 0.425 , _ 9.1 R
Tip. b/2 = - - 0.12 - 0.12
Data for (1) of (2) Sides o
Leading Ldge Cuff .2 122.67 0.00431
Planform Area 560,50 3. 3771
‘Leading Edge Intersects Fus M, L, @ Sta 1135.4 6.7329

Leading Edge Intersects Wing @ Sta
: ) : 18 SN 73-85H-0122



' Space Division
- A Bockwell international

MODEL COMPONENT: Wing (Wins)-—-Data not available

GENERAL DESCRIPTION:; Same as Wigh except that the underside of the wing-body

is smoothly faired to a ssucer shape.

TEST NO. DWG, NO.
DIMENS IONS , © FULL=SCALE MODEL SCALE
TOTAL DATA 2
rea eo.) Ft
Planform

Span (Theo In.
Aspect Ratio
Rate of Taper
Taper Ratio :
Dihedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees .
Sweep Back Angies, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Theo) B.P.0.0.
Tip, (Theo) B.P,
MAC
- Fus, Sta. of .25 MAC
_W.P. of .25 MAC
B.L. of .25 MAC

EXPOSED DATA 2
~Area (iheo) F&
Span, (Theo} In. BP108
Aspect Ratio : -
Taper Ratio
Chords
Root BP108
Tip 1.00 b

wc . ¢ |
Fus, Sta, of .25 MAC
W.P. of .20 MAC
B.L. of .25 MAC -
Afrfoil Section (Rockwell Mod NASA)
XAXX<B4 ‘

T A AT

NNt

Root b =

Ti t:z'
p =
z

Data for {1) of {(2) Sides
leading Edge Cuff »
Planform Area Ft

Leading Edge Intersects Fus M, L. @ Sta.
Leading Edge Intersects Wing @ Sta

19 " 8D 73-SH-0122




MODEL COMPONENT:  Erevon (Epp)

\ Space Dlvigion
Rockwell Internationat

GENERAL DESCRIPTION:

Elevon for W103, w104’ W.‘LGS’ w106'

VL70-00:0139 data for (1) of (2) sides

Model Scale = 0.00593

VL70-000139
DRAWING NUMBER: .

DIMENSIONS:

‘ Afeafx Ft2
Span (equivalent) .. in.
Inb'd equivé]ent chord |
Qutb‘d equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At OQutb'd equiv. chord
>Swéepback Angles, degrees

Leading Edge

Trailing Edge

Hinge Line

Area Moment (Normal to hinge Iine)n-ft3 1548.07

Product- of Area Moment

20

FULL-5CALE

205.52

0.208

0.400

0.00
~10.

0.00

MODEL_SCALE

0.00723

2.09531

__0.6806k

0 B

0.208

0.400

0.00
-10.2),
 0.00

__0.00032

Sp 73-SH-0122



‘ Space Division
Ay Rockwell Internations

MODEL C.OMPONENT: Vertical (V7)~——Lightweight orbiter configuration..

GENERAL DESCRIPTION: _(enterline vertical tail,double-wedpgeairfoil with

rounded leading edse.

 Model Scale = 0.00593

VL70-0000139

DRAWING NUMBER: V1.70-0000%5
DIMENSIONS : : FULL -SCALE MODEL SCALE
TOTAL DATA
Area, (Theo.) ft2 L25.92 _.0.01498"
. Planform
Span, (Theo.) in. 31572 1. 87222
Aspect Ratio 1.675 1.675
Rate of Taper . ] 0,507 0.507
Taper Ratio ' 0.404 0.404
Sweepback Angles, degrees
Leading Edge . 45.000 45.000
Trailing Edge 26,259 .
0.25 Element Line TLTI30 LI1.130
Chords:
Root, (Theo.) WP 268,50 1.59220
Tip, (Theo.) WP : 108,47 0.64323
MAC 199.81 T.18487
Fus. Sta. of 0.25 MAC . . . “ILG3.50 —8.5785%
W.P. of 0.25 MAC ‘ 535,540 ENEE
B.L. of 0.25 MAC 0.00 0.00
Airfoil Section
Leading Wedge Angle, degrees 10.000 10.000
Trailing Wedge Angle, degrees 14.920 14,920
Leading Edge Radius ~ in. : 2,00 0.01186
Void Area ' 13,17 0,00046

Blanketed Area

21 :
§D 73-SH-0122



J Space Division
& / Bockwell International

Rudder (Rs)

MODEL COMPONENT:

GENERAL DESCRIPTION; Rudder for V, ,

Model Scale = 0.00593

VL70-000139
DRAWING NUMBER: __ V170-000095
DIMENSIONS: FULL-SCALE MODEL SCALE
Area, ~ 12 ___ 10638 __0.0037h
Span, (equivalent}~ in. 201.0 1.19193
Inb'd equivalent chord 91.585 0. 54310

Outb'd equivalent chord 50.833 0.3014k

Ratio movable surface chord/
total surface chord

‘At Inb'd equiv. chord ‘ 0.400 - 0,400

At Outb'd equiv. chord 0.400 0.400

Sweepback Angles, degrees,

Leading Edge A __f_;ﬂbg;__ __3h.83

Trailing Edge 26.25 26.25

Hinge Line o 3@.83 ' ' 3. 83 _—
Area Moment {(Normal to hiﬁge line) Ft3 526.13. 0.00011

Product of area and mean chord

22 :
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MODEL COMPONENT:  Trimmer Hyg

GENERAL DESCRIPTION: Trimmer for configuration 3, per lines

VL70-000139,/55-H-00381

Model Scele = .0D593

DRAWING NUMBER

DIME NSION:

Length

Max Width

Mox Depth

Fineness Ratio

Areo
Max Cross-Sectional |
Planform
Wetted

Base

Sweep Back Angle - Degrees

Leading Edge Intersects Fus @ Sta

lLeading Edge Intersects Glove @ Sta

23

FULL SCALE MODEL SCALE
285.96 1,696
80.192 476
8. 25 .0029
17.0 17,0
566,0 3,356
84,7.62 5.026 |

DsM 387-5 Exp. Date 8/2/73



MODEL COMPONENT:  Trimmer Hyy

GENERAL DESCRIPTION:
VL70-000139/5S-H-00381

Trimmer for Configurastion 3, per lines

Model Scale = .00%93

DRAWING NUMBER

DIMENSION: FULL SCALE - MODEL SCALE
Length 285.96 1.696
Max Width 148,995 .eal
. Max Depth .
Fineness Ratio
Area
Max Cross-Sectional _
Planform ' 168.494 . 0059
Wetted
Base )
Sweep Back lAngle - Degrees ;3!;.0‘;" __3h.0 B
Leading Edge Intersects Fus @ Sta 566.0 335
Leading Edge Intersects Glove @ Sta __BL7.62 _,5.026.' i

'24
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(1)

(2)

(3)

)

(5)

"INSTRUMENTATION

Two 35um cameras with a shutter speed ofrl/lo—second were used during
the tests; one recorded the paint melting characteristics on the model

bottom surface and the other recorded the melting on the models left

" side (pilot left).’

Phase change paint was used with a temperature sensitivity range of

150°F to 550°F, The paint was thinned with acetone and spray painted

on the model. Acetone was also used as the cleaning solvent.

White lead cil mixed with a small amount of motor oil to decrease the

viscosity was used for the oil flow visualization tests.
A polaroid camera was used for detailed photographs after the test,

A contact thermometer was used for determining the model initial

temperature,

25



Test Procedure

The general procedures used during the test are outlined below:

(1)

(2)

(3)

(4)

(5)

Prior to each run, the model was cleaned with a sclvent, dried? and
spray painte& with phase change paint and installed in the injection

chamber.

The model initial temperature was recorded by touching a contact '

Thermometer against the model surface.

After flow was established, two 35mm cameras were initiated just prior
to injection. This was done to enable the film readers to determine
when injéction sﬁarted. Continuous pictures were taken throughout

the entire run until the model was retracted from the test section.
The duration of the model in the test section was determined by the
ﬁperating'éonditions and the paint temperature, bgt usually averaged

10 to 12 seconds.

The model was then removed from the injection chamber and more detailed
photographs of interesting flow or paint melt patterns not clearly
1

visible to the 35mm cameras were taken with a polarcid camera. These

photogréphs were taken to enhance the 35mm photo coverage.

After each model attitude change, the paint stripe model was photographed
with the 35mm cameras for use as an aid in data reduction. The paint
striping clearly located various X/L locations as well as water planes,

chorﬂs, and spun locaticns that would have been difficult to locate on

‘the bottom camera due to the angle of attack setting. These photos are

also used for drawing the model outline during the film reading process.

26
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DATA REDUCTION

The i;othefm,data (daﬁa Figures 1 through 184) were obtained by tracing the
photographed time history of the paint melt lines. The model outline was
first drawn from the grid model photographs. During the OH-42C test, it
was found that by making a cardboard cutout of the model tracing, the time
required to draw one complete isotherm map (one run) ﬁgs reduced 300% to

lixﬁ providing there were more than two runs at the same angle of attack.

The frame number of each melt line drawn was recorded which, in turn, indicated
the elapsed time of the model from the instant injection started. The time
at which the mecdel reached the tunnel centerline was also recorded and usually

occurred arcund frame 8 or 9.
The thin film heat transfer coefficients and heating rates were calculated

as follows:

First, the adiabatic wall temperature (Tay) was determined. To obtain this,
the ratio of adiabatic wall temperature to stagnation temperature was calculated
by:

% = angle between local surface
and free stream flow, degrees

Taw

= .867 + .133 (sin §)+°7
g .

where §=¢{+ 6. o is the angle of attack and © is the surface deflection
relative to the model centerline (usually zero).

Given T,, Tpy was determined as follows:

Taw = ;ﬂﬂ.x Tq

o
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DATA REDUCTION - Comtinued

After Ty, was determihed, the parameter T was calculated:

T = Tpe - TIN
Taw - TIn

With T calculated above,(%{was calculated by iterating the following expression:

1 -T=e? (1 - erf Ph) where erf = error function
Now using @hdetermined above, the thin film heat transfer coefficient (h)

was'calculéted:
h = QEE,ELEB

The aerodynamic heating rate (é) was then determined by:
g =nh (Taw - Trc)
The theoretical thin film heat transfer coefficients and stagnation poirnt

heating rates were calculated using the equations given below:

hg = (.678) (Cp) (Pr"f’) (ﬁ/ofw).l (ps/o{s).a gg_g
’ X

Where: :
Pp =ASE04, Cp and k for air)
N
and: dVe =1 |2 Re T R S | it dient
m o [ g 0( .Plpz ) veloclty gradien
and: Xlt :
4t .2
f1 =757 Mg ‘K’-]i .
R ! 1
Y1

Py = —Srrmo—u
2 2
Mg, - -1)
The theoretical stagnation péint heating rate q then:

q =hg (Tgy ~ Tpc)

28



FHASE CHANGE PAINT DATA

The test results are shown in Figures 1 through 184 inltﬁe form of heating
contours. These contours are correlated to heat transfer coefficient ratios
(h/hs); the ratio of local heat transfer cdefficient on the modei surface

to the heat transfer coefficient at the stagnétion point of a one-foot radius
sphere at model scale. A list of the tunnel conditions for each run is

presented in Table 5 in chronological order.
REFERENCES -
1. Jones, R.A. and Hunt, T.L., "Use of Fusible Temperature Indicators for

Obtaining Quantitative Aerodynamic Heat Transfer Data", NASA TR-R-230,

Februaryil966

2. Carslan, H.S. and Jaeger, T.C., "Conduction of Heat in Solids",

- Oxford Clarenden Press, 1950
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TABLE 1. MODEL MATERTAL PROPERTIES

Tpe (OF) VGEE;EEVTPC. (BTU/FI2-sEC”*? - OF)*
Tests OH-L2A Tests OH-U2B and C
150 LOl66 -
156 - - 0513
175 o7z L0515
200 L0478 .0525 -
250 0489 20529
_75 -0493 0537
300 0L96 0546
350 0500 0557
koo 0503 L5T0
h50 - 0580
500 0506 0592
220 - 060k

¥{OTE+ The material properties listed above were calculated as follows:

JKeCP}Tﬂlz kPCPL *_VYkeCplr,
2

Where: ‘/EE’CPl = Material property calculated at the Grumman Aerospace
T

Corporations thérmal leboratory for material wall temperature.

-fk?C?

Ty

- = Material property at Tyy (assumed to be 75°F),
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TABLE 2 . DATA REDUCTION RECOVERY FACTORS

Recovery Factor, Taw/Ts

Angle of Attack,”
25
30
35

ity

Windward View Profile View

500 S 900
.910 .. ,900
.920 .900
932 900

31




TABLE 3. MODEL DESIGNATIONS FOR SUMMARY SHEETS

461, V‘ = Configuration #.

Yy6-2 - = Configuration 72

46-3 - Configuration #3

he-h = .Configuration A

h6-Lv = Configuration 4 + ventral fins

hWo-LUERF = Configuration & less ventral; plus elevons and body flap™
Le-Lpr = ConTiguration # body flap only*.

ho-ba = Second model Configuration #&

b6-LARF = 4A plus body flap*®

h6-UATRE = LARF plus elevons™

¥ body flaps and elevons werc tested atb 10° on these configurations.
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TEMP FORM DSM 343 EXP 4—19=73

- TaBie ¥
PHASE CHANGE COATING TEST DATA SUMMARY SHEET

“ TEST TITLE: Sogce Swvrrie Orriree Pugse Cusrpe  Frinr 75;(

TEST NUMBER: QH42A TEST FACILITY: LKC{/ vor
TEST DATE: 5;/[_{-/73 TEST ENGINEER: M., Duvan/
| Run ’ Model} TFree Total Total [Tairree [ RNK] 061 Phase | Model Positionj Camera
No. {Model Configuration Identificationj Scale | Stream | Pressure| Temp. Temp. Ft Change (degrees) Location -
: : Mach (psig) ©F) | (°F) Temp. :
Number O el | & el
{004 44— 4 0593 8 620 |§o0 | 7¢ | 3 z00 |30 0 |O
85 | ¢30 lgeo |77 | 3 200
86 - /1400 | 925 178 é 400
87 (400 1925 |77 6 250
88| /935 1935 | 78 | & (400
87 /63 750 | &/ / /50
70 ' 625 Ol | FLow) 3 — |y
7/ /350 930 | 786 4 400 |40
92 /400 940 | 77 & 500
13 - 150 760 | 8/ / 200
4|7 (60 (500 |78 | / /50
75 ' | /60 O/ | Frowf [ R
409 / ¥ ¥ 7295 |\go0|78 | ¢ (400 351 V | ¥ q

- X axis parallel to stream (+downstream, -upstream)
Y axis {+right, -left, as viewed from the rear)
Z axis (+up, -down)

*no rop LSOTHERI DRAWMN .
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TEMP FORM DSM 349 EXP 4-19=73

Tasie H  (CINTIAVED)
PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: _Spgce Swyrree Desier  fonse e Fapr Jesz

TEST NUMBER: @4 42 /4

TEST FACILITY: _LAC/YOF

TEST DATE: 5://4"/ 23 TEST ENGINEER: __/4, Qusn
Run Modelf Free Total Total | Imifeas [RNX] 26| Phase | Model Position Camera
No. [Model Configuration Identification| Scale | Stream | Pressure| Temp.! Temg. Ft Change (degrees) Location -
‘ Mach (psig) (°F) (”Ff Temp. ‘
Number °F) | & & | © |mweisios

4097\ 46-4 | o053 & /385 1925 |79 & l2oo |35|0 |O
40 95 160 (760 |77 / /75

£0 /60 O/t | FLOW / — | ¥

7/ 00 (420 1985 | 8/ & 350 125
7 0/ /13725- - 1250 8/ & 275
2/ 62 /60 | 735 £z / xe
/03 (70 o \mow| 1 |— |}

g /370 (/e |78 A 300 1301 -
l4/05] ¥ ¥ /920 (970 |82 | 8 |350D v Iy ldly

X axis parallel to stream {(+downstream, -upstream)
Y axis (+right, -left, as viewed from the rear)

Z axis {+up, -down)




Ge

"EMP FORM DS5SM 349 EXP 4-19--73

TEST TITLE:

Thgee H

(LOMTINVED)

PHASE CHANGE COATING TEST DATA SUMMARY SHEET

S rpcr Swprree Orsiree /2‘;’,951'-" Coonie Paiwr IesT

TEST NUMBER: @' o 428 TEST FACILITY:___LK CI/ Yo7
TEST DATE: 5;/2 f://;a TEST ENGINEER:_W.OYE, [1. Qv
Run Modeli Free Total Total | Tastef[ RNX] 06| Phase | Model Position| Camera**
No. |Model Configuration Identification} Scale | Stream | Pressure} Temp. Temp. ¥t Change {degrees) location
Mach (psiq) CEy | (F) Temp.| =~ lin)
Number °CF ot | & [ & 7w e
4/30 £6—1 L0593 &8 /390 (980 1 78 & 400 |35 10 | O
413/ 46— 4 A v25 lgre L 74 | 3 300
4/32 46 =2 1390 | 925 | 76 6 500
4/33 46 -4A ¢35 |geo | 78 3 250
4/34 46-2 25 V875 | 75 3 . l3co@
4/35 44 -2 s54 \7e5 V77 | [ /75
/3¢ 46-2 /355 | B90 | 75 & 450
4/ 37 46-2 850 225 | 8/ 4 F00 i
43817% Y 46-4y £/5 V935 | 78 5 | 300 |30
4391Y  4¢-4Y (725|925 175 | 3 1350
/30 464 A /675 193¢ | 75 1 7 |350 -
4144 §6-2 t35 | E75 176 3 300
4/42 - 4A Y ¥ /720 925 |76 51300 {

X axis parallel to stream (+downstream, -upstfeam)
Y axis (+right, -left, as viewed from the rear)
Z -axis (+up, ~down)

X NO TOP ISOTWERN DRmi/l

¥ N 510F 15074600 pomons
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Tases Y (Ca NTM!L‘ED)
PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: __Speee Suprrie Oepirere Fuase Coompr Duwr lesr
TEST NUMBER: __ (J# 42 B “TEST FACILITY: l._/?(,;/i/é?f
TEST DATE: 5‘/34{/73 TEST ENGINEER:_4/, JYE, /1. Ghan
Run Model| Free Total Total _In.‘:‘mf RNX109} Phase | Model Fosition| Camera
No. |Model Configuration Identification| Scale | Stream | Pressurej Temp, Temp. Ft Change (degrees) Location
Mach (psig) Cry |(%F) Temp.
Number : , CF) | o & 1 ® |rp ek
4143 46-2 dosg3l 8 1/390 {9/5 | 76 ¢ 350 |30 0 |o
4154 46-4A /65 V740 | 74 [ /7%
243 46-2 [ef5 1975 | 77 7. o0
4/4€ 4¢ -4 A 1380 1935 |77 ¢ 35¢C
4147 46-2 ¢/5 | 9/C 7E 3 B0
$14£ -2 65 | &ro | &F / (75
/49 46 -2 /57 18z0 [z | / oL
4/50 46-4-AEE £35 (900 | 79 2 350
4157 46-2 1395 1875 | o/« & ore
4452 46 -4ABF (o5 | o0 183 ¢ 400
53 46 -/ £90 |20 | 85 z 3co
14/5% 46 -4ABF /60| 795 | £4 / 200
¥/ 5% 46 - $ABE ¥ 630 |0 {85 3 o0 |y |y Ty 191

TEMP FORM DSM 348 EXP 4—19—72

X axis parallel to stream (+downstream, -upstream}
Y axis (+right, -left, as viewed from the rear)
Z axis (+up, ~down)
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TEMP FORM DSM 342 EXP 4~ 1973

Tasce A (Cw'nmuep)

PHASE CHANGE COATING TEST DATA SUMMARY SHEET

" X axis parallel to stream (+downstream, -upstream)
Y axis (+right, - left, as viewed from the rear}

Z axis {(+ up,’ -down)

TEST TITLE: _Sp airee  Puase Copnee Bwr Tesr
TEST NUMBER: ﬁ}f £ 28 TEST FACILITY: A_/?(j,/ Vo7
TEST DATE: 5/24/73 TEST ENGINEER:__ &/, DYE /1, Quans
Run ‘ Model{ Free Total Total | Jasfa! | RNX109 Phase | Model Position| Camera- -
No. |Model Configuration Identification] Scale | Stream [ Pressure| Temp. Temp. Fi Change (degrees) | Location
Mach (psig) CFy | (éF) Temp. | - :
Number °F) [o¢ & | & 1/op S
/50 4l 4 ABE oo\ & (/365 g5 los | ¢ s 3o o
4/57 46~4ABF N c30 \sgo | on 3 -
4158 £¢6 -/ (&3 7EL | B¢ / 175"
/59 46~-3 620 1920 | 84 3 142
2140 46~/ teo \ges | 84 /| r5¢
4/&/ £6 -3 fE5 VBoo | B / /75
4162 44 -/ /355 |5 | G4 £ 350
¢3 $6-3 (365 87O | B4 A 350
14/64 46-3 &35 1955 | 83 3 250
4765 4¢-1 £40 730 | &3 3 250
4/66 46-3 L350 720 1 53 & 400
/67 461 /625 | B85 &3 7 400
L8 46-3 y 1 ¥ /930 985 | &0 g | 400 v iy Ly Ly




e

R e i S P e

ST eIl e

TEMP FORM DSM 343 £EXP 5—19-73

gt

{asue

H,

((.m: n--wr:’.l’-)

PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: _Space Syvrne Opairer: Funse Cusve Lonwr Tesr
TEST NUMBER: ___ /)¢ £2.8 TEST FACILITY:__ g c/[ypf‘
TEST DATE: 5;/24//;3 TEST ENGINEER:_A/ Dve _[f1. (hoa
Run _ Model] Free Total Total |Jmbe! | RNX10°| Phase | Model Position Camera
No. |Model Configuration Identification| Scale | Stream | Pressure| Temp.| Tesp, Ft Change (degrees) Location -
Mach (psig) (°F) | (°F Temp. | v
Number ) | e & | © |mr 50z
67 4¢-1 00543 [57 1755 (o/z / — 3¢l o | o
4/70 46 3 /54 _\7¢5 |0/ { —
4471 46—/ (1380 Y0 o | ¢ — 1
/72 66—/ 650 1884 |83 3 300 (35
#/73 44-2 13290 -|9/5 | 82 & __|3s50
4/ 74 46~/ /156|780 | 63 [ /75
4/75 46— ¢ {390 (935 | &3 & 400
4176 46-1 (360 19/5 183 & 350 1 ¥
4/77 44-4ELF 625 1990 183 1 3 |400 |30
175 442 635 1925 |83 3 500
(77 §6-4AEBF [t4d 19720 | 83 { 350
4150 $6- 2 25~ _19/0 |87 3 300
+8/ 46-4ALBF | y/57 |8/ 182 | | 1zso bw [ 4 Jy |yl

X axis paraliel to stream (+downstream, ~upstream)
. Y axis {(+right, -left, as viewed from the rear)

Z -axis (+up, -down)
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TEMP FORM DSM 342 EXP 4—19-—-73

A TA o H.
PHASE CHANGE COATING TEST DATA SUMMARY SHEET

(Ci’NTlNL’E.DJ

TEST TITLE: _ Spper Jporie (Rairce [fuase C_’MMZA;L

TEST NUMBER: 7%/7’/25 TEST FACILITY: A/Z %/\/D I

TEST DATE: ;:/ 5 9!{/ 73 TEST ENGINEER: £/ Drgj Vil Qumnl_
Run Model| Free Total Total Tt [RNXI 06 Phase | Model Position| Camera
No. |Model Configuration Identification| Scale | Stream | Pressure| Temp. ‘Tem/o. It Change| (degrees) tocation -

- ' Mach (psi .} Cry | (¢F) Temp. | -
Number °F) | o2 & | & |/or!o0s

4162 46— 4AELF lLoos?s| 8 /70 780 |82 [ /75 |30l 0 | O
4453 46 - 4AEBF [0 790 |83 /200
i/64 (- 4AELE. 635 V19/0 179 = 350
1/85 $6- 4AELE L0  |B70 |81 3 _lzs50
4186 _4b6- 487 (30 18% {pO | 3. 1450
4187 4& - 44£8F 425 1900 \ o/ z ofL
14185 46~ 4¢8F ¢75  |&y0 | 8o 3 250
4157 46 =~ 4BF. tzs | 885 | B2 | 3 |550
4190 46 = 45F _é30 895 | E2 3 500
427 4¢ - 5 /64 lgns | Bo { 250 {
4192 46-5 457 775 ' B / 200
4133 46 -5 Y { (zs |§r0 {82 3 350 | ¢ 1 ¢ | v laly

X axis parallel to stream (+downstream, -upstream)
Y axis (+right, -left, as viewed from the rear)
Z -axis {(+up, -down)
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TEMP FORM DSM 349 EXP 4~19—73

el

Tagte A (Conzy nw'cp)
PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: _ Y pges Swurrie Crgiree Fosse Commss ormr Jesr

TEST NUMBER: _ I/ 42C TEST FACILITY: L RC/v DT
TEST DATE: é’//fl/ 73 TEST ENGINEER: &/, Dy £, J. Cupripes
Run : Modell Free Total Total {Imbel | RNXI 06 Phase | Model Position| Camera
No. |Model Configuration Identification| Scale | Stream | Pressure{ Temp.{Temp. Ft Change {degrees) location
Mach (psi ) CF, | (9P Temp.
Number | OF) [z | & | © |9 5oe
8271 | ¥ ¥ 4¢-5 oosys| 8 1635 |45 |85 |3 |/5% [3o|o o
t272| %4 44-¢ | ¢es5  loss 19/ | 3 /56
4273 46~ 5 \. 635 1895 | 9/ 3 275
4274 44 -6 ¢54 1900 |91 3 ZO0
4275  46-5 /395 1920 189 & ___| 400
4276 46-6 : 620 1950 120 % 250
277 |7 g4-5 (380|740 | 88 \r75
27|77 444 (8 l&ro 190 | / 125
|27 AT (395 (920192 | ¢ " | 300
250 - 46-6 [bo 785 | £9 / 200
228/ 4-5 4o | W5 | ore 7 —
4252 46- 6 ¢35 95 lore 3 -
4243 44 -4 / [0 788 | B3 / 250 | | v by Lyl

X axis paralliel to stream (+downstream, -upstream)
Y axis (+right, -left, as viewed from the rear)

Z -axis {+up, ~down) e

K NO TOP [507HERMS DRIWN

YV NO 510E 15075015 Drsuwn



PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: . Sppce Syurris O esirie /3/;;5;: Cf/ﬁ/ﬂﬁd A;m/;- ffsr

. TR

TEMP FORM DSM 343 EXP 4-19-73

TEST NUMBER: @z 420 TEST FACILITY: Z/?Cf/v‘ﬁf" -
TEST DATE: é/r;_rr/73 TEST ENGINEER: V. DYE, J. Cospmnes
Run Modelf TIree Total Total | Znba! | RNX100| Phase | Model Position] Camera:
No. |Model Configuration Identification| Scale | Stream | Pressure| Temp.] 7ewmp. Ft Change (degrees) 1Location
Mach (psi ) Cry | (%) Temp. | - .
Number CF) ez |2 | & |mpiSed
928 446 00593 & /200 1920 [ £5 A 350 3o | | &
426517 / 46 - & 1390 V19/0 £ A /75 ¥
4266 46 -4 /5% | 730 187 / 250 35
4267 466 /52 Vo B2 [ lzs0
4266 46-5 25 8745 1 E4 3 Z50 Vi
4259 466 (4o Q@75 | B4 3 e
i290] % 46-5" /e |75 \ sy / lrz5
lzgy | 7T 445 t50 |5 1o5 | 3 |s5¢
4292 Gb- 5 [(Fee 1925 |87 & 550 13
293 G6-5 1L0 760 | B4 / /56 |25
7294 445 30 875 185 3 200
4295 46-5" r ] /390 920 184 | ¢ 300 \ ,

¥ axis parallel to stream (+downstream, ~upstream)

Y axis (+right, - left, as viewed from the rear)
Z axis (+up, -down) :

X NO TOP I3OTHELNS prruwa/
W NG Srpf [50rnerrs Diwa s
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Photograph 3. - Paint Stripe - Modsl 46-0, Configuration #1 SS-H-00382-1.
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Photograph 5. - Model #46-0, Configurations #3 and #5 SS-H-00381-3 and -5.
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Photograph 7. - Model #46-0,

Configurations #5 and #6.
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Photograph 9. - OH4UPA Oil Flow.




Photograph 11. - Model fh6-hBF,ol = 30°, Re/ft = 3 x 105, Run L150.

5




Photograph 12. - Model #46-5 (17° Trimmer)o¢ = 30°,
‘Re/ft = 3 x 10°, Run L4273.

Photograph 13. - Model #46-6 (34° Trimmer)o{ = 30°,
Re/ft = 3 x 106, Run L27k,
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R 7,‘.-?--,3:; = ';..-'~"."“'——:“I":‘:;:""“i:’?";;c:j Ty e

Photograph 1k, - Model #4i6-5,o{ = 30°, Re/ft = 3 x 106,
, 15° Paint, Run 4271, Tpc = 156°F.
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Photograph 15. - Model #46-5,o4 = 30°, Re/ft = 3 x 105,
0il Flow, Run 4281,
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+00533 SCALE THERMAL PAINT MODEL
SS-H-00381

" {Dimensions are inches unless noted otherwise)

1

Sketch 16. - Model 46-0 Configurations (#1 through #6).
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PHASE CHANGE TEST o o CONFIG.

LENGTH (R) =

SCALE .00593

FACILITY mc/mr

TEST (AiD

RUN 4/30C ro 4137

M:

Piotal {psia) =

Tiotal (°R} =

. Taw/Ttotal

Ry per foot =

Tphase change (°F) =

<= Z5O

B =

¢ -

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

Isotherm h/hr"’l’ ’ o + downstream)

é x {in} =

2 y (in) =

]

6 z (in) =

5

8

3 Wt D

10

AL Larg ey (Fen. 19711



PHASE CHANGE TEST

CONFIG,

LENGTH (ft) =

SCALE , 00593

FACILITY ;_,ec/y,gr

TEST GR/D

RUN  4/38 40417/

M, =

Piotal (psia) =

Tiotal (°R)} =

/T

aw’ total

Ry per foot =

Tphase change (*F) =

lsotherm

h/hx‘ml‘

1

PRI RY=Y [ A1 fo N TPE NG PORY PO

[,

ASA Largey iFes, 1971) .

= 30°

B =

Fl6 2

$ -

Camera Coordinates (from

model center, x-axis
parallel w/ stream,
+ downstream)

x {in) =

v lin) =

z (in) =

) ,‘."D

Raus 4132417y BVD-EVCS



" PHASE CHANGE TEST

CONFIG,

LENGTH (#) «

SCALE |, 00573

FACILITY LRe/vor

TEST OXtE-6RID

RUN 4772 ro 4176

Ma =

Piotal (psia) =

Tiotal (*R) =

Ta w/ Ttotal =

Ry per foot =

Tphasa change (°F) =

e 75°

B=

¢ =

Camera Coordinates (from
model center, x-axis
parallel w/ siream,

[sotherm + downstream)
: x (in) =
i y {in) =
g z {in) =
7
B
9 _ e
) - - - .
Fi¢. 3 _ 02

'ASA Langay (Feo 1971)



PHASE CHANGE TEST

CONFIG.

LENGTH (f) =

SCALE ,00573

FACILITY LRe/yoT

TEST @#F+2

RUN  #/77 fo 4793

M_ =

-]

Piotal (psia) =

Ttotal ("R} =

T

aw

/Ttotal =

per foot =

lsotherm

ol oo ~afon | ]el e feal

st

MAER Langiey (Feb. 1671

Tphase chaﬁge (°F) =

FIE, &

o =

30

B =

P =

Camera Coordinates {from

model center, x-axis
parallel w/ straam,
+ downstream)

x (in) -

vy lin) =

2 (in) =

HVD-Eves



PHASE CHANGE TEST

Ny /i
y/ 48R

/] ]
— — |

L

CONFIG,

LENGTH (f) =

SCALE o593

FACILITY LRe/VDT

TEST gygz CrID

RUN 427/ fo 4285

M:

Piotal (psia) =

Ttotal (*R} =

Taw/Ttota.'l =

Ry per foot =

Z-T-

Isotherm

h/h oy

O N0 A0 [~ enldn g lono -

Ll

MASA Langey (Fat, 18711

\\\\

p?:. 5

phase change '

of = 30"

p =

¢ =

Camera Coordinateas (from
model center, x-axis

parallel w/ stream,
+ downstream)

x (in) =
y {in) =

~z (in) =

aess 4371 o b3y HVD-EVCS

(*F) = ; £



PHASE CHANGE TEST

27T\
27/ ]\

CONFIG,

LENGTH (ft) =

SCALE

FACILITY

TEST o#ez- crup

RUN 428( /o 4292

,////} \
——— /

M=

Piotal (psia) =

Tiota)] (°R) =

‘ lsotherm

h/h s,

o Joo | on o] o fross

[y

$ASA Lorgler (F oo, 171D

awf Ttotal = “oe

Ry per foot =

Fiz. &

Tphase change (°F) =

- 35°

B =

P =

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)
% {in) =

y {in) =

z {in) =

HVD-EVCS



- PHASE CHANGE TEST

CONFIG,

LENGTH (#t) =

SCALE , 00593

FACILITY LRC/YDT

TEST Q#¢f2

RUN G RiD -9293f0 4295

M, =

A7
//////J

Pwtal (psiﬂ}

Tiotar (°R) =

Taw’ Tiotal

RN per foot =

Tphasa change (°F} =

o = 2\5-0'

Isotherm h/ hr=-1'

1

P =] Le it ] Lanl (Fu] Bod LU ) 0]

(-

ﬁs

¢ -

Camera Coordinates (from
meode]l center, x-axis
paralleal w/ stream,

+ downstream)
x (in} =
y {in) =

z (in) =

WM. sreg



PHASE CHANGE TEST CONFIG
Y - |

LENGTH (§#t) =

SCALE . 00593

FACILITY LRc/VDT

TEST OF 42
RUN 4420 £0 4137
Mm=

Piotar {psia) =

Tiotal (°R) =

/T

aw’ “total ©

Ry per foot =

Tphase change (°F) =

®=  mgge

A=

$ =

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

Isotherm h/hrﬂl' + downstream)

1

3 \

4 y lin) =

5

3 z lin) =

7

8

9

i0

Fl6. &



PHASE CHANGE TEST

CONFIG. = ]

LENGTH (ft) =

SCALE .OO5¢ 3 ~

FACILITY ¢ge/ND7T

TEST OF4¢2

RUN  4/25 fo 4/ 7/

M=

ptotal {psia) =

Tiotal (°R) =

T, /T

aw’ total ©

—
S e e,

RN per foot =

Isotherm

h/b g

1

P IS LA SR T T N PSS

—|

Fie. 9

;Tph-ase change (°F) =
o = 3@9

g=

¢ =

Cameara Coordinates (from
‘model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =
y {in) =

z (in} =

23R ool et



PHASE CHANGE TEST

CONFIG, -

LENGTH {f&) =

SCALE L 005¢%

FACILITY z_gc/mr

TEST Of/42

RUN  4{72 to 4]76

M, =

Piotal (psia) =

Tiotal (°R) =

Taw/Ttota.l =

RN per foot =

[sotherm

h/ he—yr

1

Pou A Lo S ] [N [W] BN LX) [ XY

[

Fig 10

Tohase change | F) =
o = 359

- ‘

¢ =

Camera Coordinates (from
model center, x-axis
paraillel w/ stream,

+ downstresam)

x (in) =

y (in) =

z {in} =




* PHASE CHANGE TEST

Isotherm

h/hrﬂl'

1

P 0 151 B 8 [T SN TR IS

el

Fle. 1

CONFIG. L/é.._.j

LENGTH (#) =

SCALE | 00593

FACILITY LgC /ypT

TEST OF¢2

RUN 4777 £04/93

Mg, =

Piotal (psia) =

Tiotal (°R) =

Taw/Ttotai =

Ry per foot =

Tphase change (°F) =
o - 3 O""

ﬂ =

P =

Camera Coordinates (from
model canter, x-axis

parallel w/ stream,
+ downstream)

x lin} =
y (in} =

z {in) =




PHASE CHANGE TEST CONFIG,

LENGTH (#) =

SCALE ,p0s593

FACILITY [gc/voT
TEST o472

RUN 427!/ t04285
M, =

. . / Ptotal (psia) =
| . Tiotal (°R) =
/ \ \ \ . \ \ . Taw/TLotal =

L | L I_ J . Ry per foot =
‘J—-"" -smT T B Tphase change ("F} =
_"'"7'--—— :

- <=  3p°

e S r e oy
ﬁ:

¢ =

Camera Coordirates {from
model centor, x-axis

parallel w/ stream,

Isotherm h/hrll + downstream)

; x {in) =

3 y (in) =

: z (in) =

=

8

9 oL

10 FI€. 12




VPHASE CHANGF. TEST — CONFIG,

LENGTH {&) =

SCALE ,ops593

FACILITY L£c/vOT

TEST powé?

RUN 427¢ #0 4292

Mg =

Ptota[ {psia) =

Tiotal ("R} =

Ta.w/ Ttotal =

Ry per foot =

l' ‘ .—J l ___..l..__.-..__J...._._l._.____'___L l‘ ITphe.se chang‘e (°F) =

o = 35*'0

Camera Coordinates (from
model center, x-axis
parallsel w/ stresam,

Isotherm [ h/h oy + downstream)

z {in) =

y (in) =

2z (in) =

ommqmm-buww

[}

" FIE 13

T TRenw



[sotherm

10

5

25

J7

34

83

/24

RTEET

&8A varqiey (Feo 1971

FAG. 1y

CONFIG.
#6-4

LENGTH (#) = 430

SCALE | oos73

FACILITY s £¢/vo7

TEST gxe2/ (RPY

RUN 408 ¢

Mo= &

Piotai {psig) = 620

Tiotat (°F) = 900

Taw Tiota) = 0.9/

Ry per foot = 3, o x0%

Tphase change (°F) = To0

o= 30O

g- O

$= O

Camera Coordinates {from
mode! center, x-axis
parallel w/ streaam,

*+ downstream)-
x {in} =

y {in) =

z (in) =

H3= 07207
ek = Dag9e

ii'\"D-E’-"CS

e e e e

L



Isotharm

h/h

r=11
i LIo203
/3 /08336
b 776526
2f LOB5238
32 L06F05 Y
39 PEZTF
32 P37
¢ 3 L0420
78 L4422

HYASA Langrey {Fed, 1974

£16.15

PHASE CHANGE TEST ~

CONFIG. 45_4_

LENGTH (&) = , 438

SCALE 00593

FACILITY Lrc/vor

TEST oW ¢z7 (€PA)

RUN Yo8%

M= &

Piotal (psi‘ ) =630

Tiotal (°F) = 280

Taw/Ttotal N

Ry per foot = 2,0

Tphase change (°F) =20p

<= JO

B =

$ =

Camara Coordinates (from
model canter, x-axis
parallel w/ stream,

+ downstresm)
x (in}) =

y {in) =

z {in) =

HS= 072285
psk= . 0478

HVD-EVCS



lsotharm
/0
/A3 L225%
37 L ST
72 V25
Laf (O53

VASA Lengiey (Feb. 1871)

FG 16

PHASE CHANGE TEST

CONFIG. 4¢-4

LENGTH (&) = , 4 38

SCALE ,Lpps9z

FACILITY rgc/vor

TEST ow#24 (xrg)

RUN 4086

Mg= &

Piotal (psig) = /200

Tiotal (°F1 = 975

Taw/TtotaI . ‘?/

Ry per foot = 6 ){/06

Tohase change (°F) “4doo

e TO°

B=O

$=0

Cameara Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

x {in) =
y (in) =
z {in) =

= ary
Hs=.10t837 57 = o
bok = o503

HV2.EVCS



Isotherm hih!""'l'
F4 3722

L3 Lo7es
16 L0V 703
19 L289cE
EY3 OS2
34 LOC5ES
+ O D617

* ASA Langlsy [Feb, 1971}

FiGo VT

PHASE CHANGE TEST FReme 8: FRST FRANT a0 Tt

CamTEl —+ QiPPP T

EYZ R

]

>

[Er

‘CONFIG,

744

LENGTH (&) =, . 2g

SCALE , 00593

FACILITY (ko /ypr

TEST Oppz4 (rH)

RuN 4087

M= 8

Piotal (psig) = 1200

Teotal (°F) =q 74

Taw’,Ttotal =L 9¢

Ry per foot = 4 x /o6

Tphase change (°F) =250

e Z°

B=0

-0

Camera Coordinates (from
model canter, x-axis
parallal w/ stream,

+ downstream)

% {in) =
Yy {in) =
z (in} =
— : 5 -
W52 10475 /FI'E'SZ’C-"F
PGk = . o189
' HVD-EVCY



Isothe rm h/ hr“"l 1
y a2 arvi
if ZRART
2/ SATED
36 Warls
47 SIFT
iy 028
£C NaelYi
53 1sa%
6 0778
/£ i ide
a0 05 O

o F 07T

VASA Langloy (Fab. 1973}

Fi6.1%

PHASE CHANGE TEST

16

A

CONFIG. -

£c-4

SCALE LO0597%

FACILITY ngﬂ@f

TEST O#gz4 (RPY)

RUN /088

Mg = =

Piotal {psig) = 19z 4

Ttotal {(°F) = 935

Taw/Ttotal = G/

Ry per foot = 8){;06’

Tphase change (°F) S 400

X= 30

A= 0

$=0

Camera Coordinates {from
medel center, x-axis
paraliel w/ stream,

+ downstream)
x {in) =

y (in) =

z (in) =

- - gru
HS= P2lT /Ffz-Sﬁ?"f:

1/()0,,k 7,0503

HVD-EVCS



Isotherm

ro

42

18

L 2L

WNASE  weqry (Fen 197V

PHASE CHANGE TEST

FGAT

CONFIG.
f6-4

LENGTH () =, 438

SCALE |, 00593

. FACILITY LRC/NJF“

TEST 04424 (krr)

RUN 403?

M= £

Piotal (psig) = s4 3

Tiotal (°F) = 750

Taw'/Ttota} = .‘?f

RN per foot = / X!Oé

Tohase change (F1 = /50

X= 30O

B= O

g0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

x {in) =
y (in) =
z (in) =
#5= 03958 Pz o
HVD-EYCS




Isotharm | h/ hrﬂl )
24 £ 1940
27 i
32 L7
I & LS H52
a4 SEED
&3 {SE20

o4 L2372

HASA Langley IFeb. 1G71)

Fle.20

PHASE CHANGE TEST

CONFIG, 46"4‘

LENGTH (&) = , £38
SCALE , 00593
FACILITY /g /ypT
TEST o428 (kP¥
RUN 409/

My= &

Piotal (psig) = /zgrn

Tiotal (°F) = 730

Taw/Ttotal 5,932

RN per foot = 6 X/Oé

Tphase change (°F) 400

e 40°

B= O

$=0

Camera Coordinates {from
model center, x-axis

. parallel w/ stream,
Fanj + downstream)

x {in) =
Al
y {in) =
z (in) =
H3=./0¢53 gfb/z
FT-Se0-
HVD-Evee




@
ho
f.
7 ‘
N .
I\
W
Isotherm h/hrﬂlf
2 Rnd Y]
20 1 22329
g4 LG2R
72 SOl
127 L3404

Fis. 21

HASA { ongley (Fors 1971)

PHASE CHANGE TEST

CONFIG,

LENGTH (&) = ¢ 28

SCALE S 00593

FACILITY “sre/vp7

TEST Oggzs (kPF)

RUN 4092,

Mo= &

Piotat (psi ) = j4p0

Tiotay (°F = 4.0

Taw/Ttotal = - 732

RN per foot = [ x /0 ¢

Tphase change (°F} =

o = 40".

A= 0O

$=0

Camera Coordinates {from
model center, x-axiz
parallel w/ stream,

+ downstream)

x {in}) =
y (in) =
z {in) =
= 7 Bry ’
HS = . 10877 870 s o o
HYD-EVCS



PHASE CHANGE TEST CONFIC
_ T 46 -4

LENGTH (&) = , 4 38
SCALE ,0059%
FACILITY Lge /o7
TEST Owizpg (rrw)
RUN 40973

Mo= g

Piotar lpsig) = s 40y

Tiotal {°F) = 760

Taw'thotal = .93z

Ry per foot = v ,p 6

Tphase change (°F) 200

<= 40°

8= 0

=0

Camera Coordinates (from
model center, x-axis

paralle! w/ stream,
+ downstream)}

Isotherm ! h/h

r=1!
10 (L2640 C oy
2/ IB22 x (in)
48. L2205 : in) = |
o YT “ . y (in} _ IR
20 LAEO | z (in) =

128 o738

H5:.038/7¢ BT
_ /F7'35fc-'ié-
Fig 220 v !

IVD-EVCa: |

RAFA Langlay (Feb. 1871)



PHASE CHANGE TEST

b
S/
({<
&
0 .
\ ,L% .
22 b
Isotharm h/hrﬂl,
10 21028
/4 s 25334
25 IEFES
1& JS£35.3
44 S TGZ
54 3352
6E AT E
/r_' N2l A1 %y
£i6, 23

A Loagloy IFap, 1971}

CONFIG,
46-4-

LENGTH (#) = , 438

SCALE , 00593

FACILITY Lre/vpr

TEST Qo424 (rpH)

RUN" 4096

Ma= &

Piotar {psig) = f 29 4=

Total (°F) = 300

Taw/Ttotal =, ‘?Z

Ry per foot = A x/()é'

Tphase changs (°F) G‘g.oo

o= 35°

B= O

$=0

Camera Coordinates (from
model center, x-axis
paraliel w/ stream,

+ downstream)

x (in} =
y lin) =
z {in) = o
HS = 10447 BT '
/Fffffc-"';
HVD-EVCS




PHASE CHANGE TEST
‘ : CONFIG,
£6-4

LENGTH (#) = , £ 38
SCALE P O0593 %
FACILITY (gre/vDr
TEST f 424 (rP )
RUN 40977

Mo= &

Piotal (psig) = /385
Teotal (°F) = 925

Taw/ Tectal = . 92

aw’ " total

RN per foot = (0”04

Tphase change (°F) = zo0

o= 35
B=- 0O
6= 0

-

Camera Coordinates (from
mcde] center, x-axis
parallel w/ stream,

+ downstream)

laotherm | h/h
X ( mn ) =

g 08135
f _AL,L._‘ﬂE'L"rEp"A‘T“ TwarE 10 y (in) =
z {in) =
Hi=z , BTy
10407 4),:;5@‘ o

Fig.24

NASA Lingisy {Fab. 1871} HYD-EVLH



it \’\ .
[zotharm h/hl_ﬂl )
144 L2065
/7 L TB
T ,r22
45 -O7T7385
L3 LOEB/ES
40 LOL BAE
fO4 L OLBOF
1 128 LO5 72

NASA Uengley (Feu. 1971

6. ZS'

PHASE CHANGE TEST

o (scuM@ To BLew oFF DU

2 par )

CONFIG,

46-4

LENGTH (&) = 438

SCALE ,00593

FACILITY !.A’C/V&T

TEST o424 (xea)

RUN 4098

My= 8

Piotal (psig) = /40

Tiotal (°F) = 740

Taw’ Tiotal =, 92

Ry per foot = [ x /0%

‘-r

phase change

L= 345°

B= 0

$=0

Camera Coordinates {from

model center, x-axis
paraliel w/ stream,
+ downstream)

x {in) =
y (in} =
z (in) =

WSz 03948805 o

HVD-EVCS

(OF) =,75—



Isotherm
{10
/8 Ay
33 .l 558
5& OE87
27 L2758
/A3 L2

MNASA Langley (Feb. 19794

Fig. 26

PHASE CHANGE TEST

CONFIG,
46-4

LENGTH (f) = , ¢ 38

SCALE  ,p00593

FACILITY Lﬁc/ypr

TEST owp4z4  (RiA)

RUN 4/o0D

Mo= 8

&0

Piotal (PSiS) = {420

Ttota) (°F) = qE5

Taw/Ttotal =, 898

RN per foot = éx;gé'

Tphase change (*F) =350

of = 25‘0

B= 0O

$- 0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

x lin) =
v (in} =
z {in) =
HS= /0608 GV
4?-5&::-’]:
- HVD-EVGS



'PHASE CHANGE TEST CONFIG,
| 16- 4

LENGTH (#) = 438

Ry L SCALE | posg3

“ R\ ' FACILITY LFC/}’D/'

TEST (Weza  (epp)

RUN  4/0 f

Me= 8

Piotal (psig) = ;275

Tiotal (°F) = Q50

Taw'thotal = .3?8

RN per foot = 6 x{oé

Tohase change ' 'F) W-dde
OC o= 25 2
| | | e- 0 |
v | | ) . .. ¢ - D
) ' o - _ o | ' ; ' Camera Coordinates {from
.- . ' medel center, x-axis
. o S : . parallel w/ stream,
Isotherm | h/h 4 |- - L Ay : + downstream}
F12) JE347 : L fo. . . ) . ) _
8 (D492 RN x (in)
33 | 07898 1 .
29 | Lopem - y (in)
72 | o557 LI 2 lin) =
Y5 4553 . : ’ :
HS: ,10€/5 6"‘:_ a
‘ 7-See.%=
F16.21

HVD-EVCS

MNASA Lengilay (Feb. 1971)



Isotherm

=10

17

{31

HASA Largiey {Fobr. 197Y)

PHASE CHANGE TEST

Fi6. 28

CONFIG,
$6-4

LENGTH (#) = , 4 3g

SCALE | CO%59 X

FACILITY Lec/vDr

TEST o#s24  (kpn)

RUN 4|02

My= 8

Piotal (PSij) = /60

Tiotar (°F) = 734

Taw/Ttotal T 87K

RN per foot = ‘,‘ngg

Tphase change (°F) = /50

= 245°

B=0

$=0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

X {in) =
y {in) =
z (in) =

——

HS=_ 0390z &7
Frisee. o

HVD-EVCS



 PHASE CHANGE TEST

CONFIG,

44

LENGTH (&) =, £3g

SCALE  ,po0593

FACILITY ypr

TEST O#ezn  [ern)

RUN 4/04-
g

Piotat (psig) = (290

Ttéta[ (°F}) = q/0

Taw/Ttotal = 7

Ry per foot = 6}(/0*‘5

Tphase change (°F) =300

10 o= 35"
B= 0
$=0
Camera Coordinates (from
model center, x-axis
parallel w/ stream,
Isotherm h/hm-l' LA + downstraam)
/o L 7T4T : o R / x (in) =
20 (" izs2s o o
36 | 0745/ . O A y (in) =
46 Waloid &1 . |
59 1 _p7i08 z {in) =
27 L2637 .
HS= . l1o#425 5’71
7 -5Fa- °oF
F1629
BVD-EVCS

TALA Langiew (Fon. 171



PHASE CHANGE TEST | CONFIG,

SCALE |, 0593

FACILITY g,ec/y'pr

TEST COyaz8  (krs)

s

RUN 405

My= &

Piotal (Psfj’ = 1940

Tiotal (°F) = 970

T /T = @/

aw’ " total

- Ry per foot = 3)‘/04

Tphase changg (°F}) 350

X=30°

B= O

| | % - \‘ | ¢ - 0 . '

" . . X B\% 7 o ~ _ _ Camera Coordinates (from
B 3 . v model centar, x-axis
_ : e S o parallel w/ stream,

Isotherm { h/h VAR - + downstream)

r=11

e ,/30,2 H ) =
v 387 Dﬁ) N x (in
22 | s2s% n y {in) =
27 S DP7
,1; g;;’; z {in) =

o H3=.7229 /;;r’: sec- o

Fi6. 30
HVD-EVCS

MASA Largiey (Feb, 19710



Isotherm h/hrﬂl'

FE LRI
20 ,2/02
F: A &EF
4L i8]
22 WL+l

52 . £ 304
72 Niierd

Ef P T

¥ é Weskizd

434 Lang ry IFem, 19713

F1é 31

PHASE CHANGE TEST

CONFIG, 46-4

LENGTH (&) = £3Zg

SCALE , 00593

FACILITY /gc /¥oT

TEST ©ouez8 RPA

RUN /30

Mp= &

Piotal (psit} = /39

" Tiotal (°F ) = 280

Taw/TtotaI = . 77

RN per foot = 6\’“'09

Tphase change ( F! “Yom
<= 35°

A= O

¢= 0

Camera Cpordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =

y (in} =

z {in) =

F"“M? .?Uys f'n‘f' ﬁ

#5< 10552 Ay .
frZsee- e

HVD-EVCS



Isotham h/hrﬂlf :
2o 2723
24 JSETL2
T7r Wiyl
7o L LORET
T o LOF250
Irc L0949 7
/32 R T63H

ABA Langlay (Fa. 1971}

PHASE CHANGE TEST

CONFIG. 4(~4A .-

LENGTH (f) = , 438

SCALE o059 3

FACILITY (2ge/vor

TEST OHYz (kpra)

RUN L{/3;

Ma= g

Pigtal (psi ) = é)Zf

Ttotat (°F) = ‘?/o

Taw/Ttota.I = .72

RN per fQOt = 3x/04

T (*F) T Joe

phase change

OC&E&—.
A= 0

$=0

Camera Coordinatas (from
model centar, x-axiz
parallsl w/ stream,

+ downstream)
x {in} =

y (in) =

z {in} =

F16.32

: &, e
o #5: .-5'7252 ‘?/f 3_‘&-:_,;_

7
Freme 10 bt

€
<3

HVD-EV(S



Isotherm

h/h

r=1!
48 L 25738
EyA L L5014
7 21479
okd JIoHE
fﬂt’ oL ?455'
L1/ (5700

noncey (FEDL 19T

PHASE

CHANGE TEST

CONF‘I.G. 46_2

LENGTH (&) = ¢ 38

SCALE 0O593

FACILITY /eC/vOT

TEST DH¢zR RPAH

RUN i fz2

Ma= 8

Protal lpsi } = 265

Tiotat (°F) ¢ £

Taw/Ttotal 5. 72

Ry per foot = B 6){/06

Tphase change- t°F) = fOD

o= 35°

B= O

$= 0

Camera Coordinates (from
model canter, x-axis
parallel w/ stream,

+ downstream)
x (in) =
v [in} =

z (in) =

H57 104924 ‘3%45;%

Framq. Hoht g

G
HVD-EVCS
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/83 L2132

MAGA Langley (Feb. 1971

FI6.34

CONFICG, 4‘6"414

LENGTH (#) = ,638

SCALE C0593

FACILITY (ge/vor

TEST ox478 (vep)

RUN — 4/33

Mg= &

Pistal (PSij) = £35

Tiotay (°F) = 80O

Taw’ Tiotal = .32

Ry per foot = 3)(!05

Tphase change {°F) = 250

<= £5°

8= 0

¢= O

Camera Coordinates (from
‘medel center, x-axie
parallal w/ stream,

+ downstream)
x {in) =
y lin} =

z (in) =

H5:,07308 Broy s o
e =: NI 3

L2

AVD-EVCS



m—

_sotharm h/h
30 LGIOZ
& J3LG0D

bz 1257

94 DIy

ol iv4

_ 30

e (P 1971

FIG. 35

" PHASE CHANGE TEST

" CONFIG.

46-2

LENGTH (&) = {38

SCALE ,0059%

FACILITY (tgefvor

TEST oxg28 (P8

RUN 434

Ma= 8

Protal (psig) = 625

Tiotal (°F) = B75 .

Taw/Ttotal = ,?Z

Ry per foot = ZKIJ’S

Tphase change (°F} =3pp

<. 350

p=- 0D

$=- O

Camera Coordinates {(from
mode! center, x-axis
parallel w/ stream,

+ downstream}
x (in) =
~y (in} =

z {in) =

MIT @ FRe&RE 10
HS: , 07315 BI’U/’Frissc- oL

il

HVD-EVCS



i Isotherm

h/h

=1

10 2L 5

¥4 LATFE2O

47 LfOF0

77 2802
125 R638

MSA L engioy 1F e, 1971

A

Fié, 36

PHASE CHANGE TEST

£7

CONFI1G,

$4-2

LENGTH (#) A 38

SCALE w0593

FACILITY /pe /Yor

TEST Of¢28 rrp

"RUN /345

My= &

Pistal (ps{g} = 54

/T

Taw Tiotay = . 92

Ry per foot = [ xj0%

1247

N

{7

Tphase change (°F) = {75

B= O

$= 0O

. Camera Coordinates (from

meodeél center, x-axis
paraliel w/ straam,
+ downstream)

x (in) =
y {in) =
z (in) -

HIF @ Freme 1o
H57.0387% 5%:_.”‘._%
LD

HVD-EVCS



Isotherm h/hr_,l,
i s 256 2
29 Z805L
52 Lo E
- 77 1 L7338
L8 o3

PULA Longlay (Few, 1071

£16, 37

PHASE CHANGE TEST

CONFIG,

f6-2

LENGTH (f) = B8

SCALE ,pos5v3

FACILITY Lga/ypr

TEST O#£28 (krp)

RUN  4/3¢

M, = 8

Piotal (psig) = ; 3454~

Tiotat ('R = 890

Taw/Ttotal =, ?Z

RN per foot = A X/O‘

Tphase change (°F) =450

<= 35O

8= 0

$=0

Camera Coordinates (from
mode! center, x-axis
paralle! w/ stream,

+ downstream)
x (in) =
y {in) =

z (in) =

HIT & FRRME ]

' - Bref '
ﬁU"gﬁf Frisec. o

HVD-ENCS



lzotharm i h/ hag
i . 21 79b
34 dar2q
34 J 23487
e AOI9TE
13 ke 2rdd

o7 o G733

34 Lengiey (Fen. 18711

PHASE. CHANGE. TEST

loy

¥
2¢

* foy )

Fm.BS“,

CONFIG, 4..,

LENGTH (&) = (38

SCALE _,pos593

FACILITY Lpe/vor

TEST oOo#425 rRPA

RUN  4/37

M= 8

Piotal (psig) = G50

Tiotat (°F) = 9257

Taw/Tfotal = . qz

Ry per foot = 4.;;,-0‘

Tphase change (°F) H300

o = 35"°

B= 0O

$=- 0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =
y (in) = e

z {in) =

Hir £ Feems |}

M= 0838 Bff%ffﬁfa- o
L B

HVD-EVCS



PHASE CHANGE TEST conFIo. 4,

LENGTH (#) = (38

SCALE L O0S593

oo L ' FACILITY rpe/vDr
TEST Oyszg (RPF)
RUN 440
Mo= 8

Piotal (psig) = 1615 .

) Tiotat (°F ) = 730
)t

I
Taw/Ttotal =, 7/

Ry per foot = 7#[06

Tphase change (°F) =350

oc=_30°‘
B= O
= O

Camera Coordinates (from
model center, x-axis
parallel w/ siream,

+ downstream)

Isotherm | h/h

r=]!
i 228597 .y .
2Z s FLr8L x i)
39 2 L 2s3CT i =
A LOegrrel y (in)
54 cOFO%LL i
z (in) =

HIT £ FrnsE 1t
o C ' HS= /12775 gvar'zj o
. . 2t mEe- T
FIG. 29 “e o

ACA Lengey (Fen 1971 -HVD-EVCS



Izotherm | h/ hr='1’
3 -2
&Lf s 2 7E
$o c D595
131 2 ZARIZS

BASA Langlay (Fab. 1271

PHASE CHANGE TEST

43

CONFIG,
+6-2

LENGTH (#) = , £ 38

SCALE CO5GS

FACILITY sre fvor

TEST opope28 Py

RUN 414f

Mo= 8

ptotal {psig) = é 3.5‘

Tiotal (°F) = g75

T T

a.w/' total = 91

RN per foot = 3)(/9{'

Tphase changs {°F} = 200

of = 300 .

B= O

$=- O

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)

x lin) =
y (in] =
z {in) =

Hir & Feane 10
H5: .073¢502 ﬂr%ffmﬁk

tatd 1

HVD-EVCS
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lzotherm | h/h oq:
I2 LIy
22 L7454
38 A0S 0iE
i 7433
75 07599

T Langisy (Fat. 1970}

PMASE CHANGE TEST

12

CONFIG, 4& 44

LENGTH (&) = ¢ 38

SCALE | poposv3

FACILITY g,qe/‘/pr

TEST Oomz8 (KkP#)

RUN  4{42

M

0= &

Piotal (PSij') = /20

Ttota'l (°F) = qg’f

T

aw’ Tiotal = 91

F18. 4

Ry per foot = * £ x/0

¢

Tphasa change (°F) = 200

ot:-_?o

B=0

$=0

Camera Coordinates (from

model center, x-axis
parallel w/ stream,
+ downstream)

x [in) =
y (in} =

z (in) =

Hir & gramE N
H3: . 09519 7%
/rfsfc--
%
HVD-EVCS



Izotherm h/hrml,

T 251485

7 ¢ 208504

i TR T

102 WLIZLTE

52 (LLEES T

75 LI 304
00 0507 |
1753 2777 RT .

MABA Lengiey (Fev, 187731

FI6 42

PHASE CHANGE TEST

CONFIG,
46-2

LENGTH () = ¢3¢

SCALE ,o0os93

FACILITY sre/voT

TEST ©OXEZA K
RUN  4{43
Mo~ &

Piotal (Psig) =(390

Tiotal (°F) =g 4

Taw/Ttotal = .7

Ry per foot = ¢ x/O‘

Tphase change (°F) = 350
o = Zo

A= 0

=0

Camera Coordinates (from
model centar, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y (in) =

z (in) =

HiT € FrRpmE ¢
H5: , jo5s0%s
MDD

HVD-Eves



PHASE CHANGE TEST | conrrc,
44-47

LENGTH (&) = , ¢38

SCALE ,L00593

FACILITY LRC/YDr

TEST o428 (RPA)

RUN 444

Mu= 8

Piotal (psia) = fg &

Tiota) (°R) = 770

/T

T =
‘aw’ ' total . 7/

Ry per foot = /.X/Dé

Tphase change (°F) /75

OC='39°

B=0O

$=0C

Camera Cocordinates (from
model centar, x-axis
parsallel w/ stream,

Tootherm | h/h_.;1 R - + downstream)
‘ /g Wriria s ow\ St - . x lin) =
:55‘;’ ,'%g’;;;; . LY . y lin) =
et -
ol 1 .0727/0 s T T
1L LSOl Lt5T - HS= 039942 B’%ffsm-’;
FI6. §3

e Treg



i
\
Isotherm h/hralg
g2 ¢ 365776
= (I 27O
22 , 22057}
37 W7
¢ 0 (L 335¢ X
2 L LELTS
foé L4
o7 Lo002.

FRASA Langiey (Fed. 1871}

Fle, 4y

PHASE CHANGE TEST

CONFIG,

4¢-2

LENGTH (&) = _¢ 38

SCALE | poposw 3

FACILITY LK'C;/%/ET

TEST Oggzs (ks

RUN  gyy5

M= 8

Piotal (psig) =74/ 5"

Tiotal (°F) = /5

Taw/Ttotal = ’ ?f

Ry per foot = 7};,05

Tphase change (°F} =400

0C30°

B=0

#=0

Camera Coordinates (from
model center, x-axis
parailal w/ stream,

+ downstream)

x {in} =
y (in} =
z (in) =

; ol

S, 112584 BT/
MDS /Fr sec-9-

EVD-EV(S



Isotherm | h/ LY
g 283833

/T LI 5T0
37 LA IIESE
50 WLl SR
£C LI5S
75 DT
/00 LBz 7
7 Of L O ES

WIA Langley (Fep. 18TV

PHASE CHANGE TEST

CONFIG. 46-47

LENGTH {#) = , £38

SCALE , 00593

FACILITY wec/ver

TEST O#428 £PA

RUN  4/4¢

Mp= &

Piotat (psig) = (380

Tiotal (°F) = 935

Taw/Ttotalr = .9

Ry per foot = 4 ;'(/5)('

Tphase change (°F} =350 -

<= 30"

A= 0O

$= 0

Camera Cuordinates {from
model center, x-axis
parallsl w/ stream,

+ downstream)
x (in) =

y (in) =

z (in) =

T /Fr’

Y

"st' -er

BVD-EVCS



Izsotherm

h/h

PHASE CHANGE TEST

127

r=1!
i? L L0
Z8 L AEEEST
3 22958
¢4 Fzo2rt
27 WirsT

Fle. Y6

WASA Lengiey (F o, 18T1

LENGTH (&) = 425

SCALE , 00593

FACILITY Lfe/vor

TEST O¥¢z8 LFPA

RUN 4/47

My= &

Piotal (psig) = (74

Tiotal (°F) = g/0

Ta.w/Ttotal =, 9/

RN per foot = 5){/‘06

Tphasa change (°F) = zp0

«= 30

B= 0O

$=0

Camera Coordinates (from
model center, x-axis
paralle! w/ stream,

+ downstream)
x [in) =

'y lin) =

z (in) =

¢ 4 . -

W57 ,07228¢ 3%,5£( .
- - F

Mps
BEVD-EvCs



'PHASE CHANGE TEST CONFIG. 4y,
=
\05 ' . )
LENGTH (#) = 438
SCALE , Q0593
\l-. FACILITY 4/(/1)7'
TEST O#428- RPA
? RUN 4./48
Ma= &
Ptotai (PSES} = /55
Tiotat (°F) = gro ‘
) Taw/Ttotal = . CH
Ry per foot = 3/06
Tphase change ("F) = {75
<= 30
B= O
¢=0
Camera Coordinates (from
model center, x-axis
parallel w/ stream,
Isotherm h/hrﬂl' + downstream)
q L2006 x (in) =
¥ L 7106 ; .
27 20702 : (in) =
47 L0380 1 \'sz,"" ‘ v (in .
1. Na¥dotLvd : e B ..
i fjpzs {51;212;2 . ‘ N - ors [ N ‘—71:.-.%_%
i P H5= 00008 BTY .
A6 47 ; - 36¢-%F
HVID-EVCS

NAGA Longley IFaon J9TT)



cl
7L %
&
(<<

lsothet‘m h/hr,}.'
10 385327
z2 L 25T IRE
23 2121k
T LT 2L
e LT E
¢4 LETEAO
/30 A AOLET ]

WASA Lenguey (Fen. 19711

a

Q4

Fi€. 48

PHASE CHANGE TEST

. %3

St

110

L3S

CONFIG, 46“4A5f

LENGTH (&) = 4,38

SCALE |, o054 3

FACILITY LRC/VDT

TEST 0428 rrp

RUN 450

Mo= @

Piotal (psig) = ¢35

Ttotal {°F) = FOO

Taw/Ttotal = ’ ?/

Ry per foot =3}(,‘o‘;

Tphase change (°F) =350

of = 33°

B= O

$=0

Camera Coordinates {(from
model center, x-axis
parallel w/ stream,

+ downstream) -

x {in) =
y lin) =
z (in) =

Marg {“t (=L NN ‘t‘q_._.,e__ [Fe]

H3=,0732969 Bre
27 7 '4)"?55;\3{.

HvD-Fves
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!sother’m h/hrﬂl'

g o507

M 330708

/3 302208
/2 L5337

2/ A3T 547
22 L7578
&£ Ers TN
75 N
/1L Ny A

MALA Lang'ay (Feb. 1971

Fle, 49

PHASE CHANGE TEST

wo b 2l
W o .
3t
& ﬁ
. @Q\\{
N
ek )

EE YR

CONF‘Ié. ‘f&-?ﬁﬂf’

LENGTH (&) = 4 38

SCALE 00573

FACILITY LRC/yp]

TEST QOnazg3 REN

RUN 4{52

My~ &

Piotal (psig) = 1405

Teotal ("F) = ‘?00

Taw’/TtotaI = ?/

Ry per foot = b X/ﬁb

Tphaae change (°F} = £00

o = 3'0"

g= 0

p= O

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)
x fin) =

y (in) =

z lin) =

M2 § on® e,

H5= 105513 By
_ 5513 e e

HVD-EVCS



PHASE CHANGE TEST CONFIG. 4/

" LENGTH (#) = 4 38
N ' SCALE 00593
3h ' FACILITY Lgc/vDT
b u
® A TEST Oggz8  ppp
RUN 453
Ma= 8

Piotal {psig) = g g0

Tiotal (°F) =~ g7

Taw/Ttote.’I = a‘?f

Ry per foot = 3 XJ()é

Tphase chenge (*F) = 200

oC o= 30‘

B= O

$= 0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

lIzothorm h/hr,,,l, 34 + downstream)
f’ 1-2577?0 e . . ] _
L9 e 197 554 ‘ q] x (in
4 L3247 SN v (in) =
Vi LIS . .
i L OF023 . )
97 DA77/ - z {in)
f34 L0721 B PSR
. . ’ . aru
FI6. 50 - #3:2 T86573 TYa o

7 - HVD-EW
HASA, Langlay (Fup, 1071} HY g



isotherm h/hrﬂlg
9 Wi a1
30 L 5bak 3
55 YA o)
Lé L LOF2IE
33 L PRIETE
(a7 LAEZES &
JETS 04377 ¢

Fi6. 5|

PHASE CHANGE TEST

conFiG. |
46-445F

LENGTH (R) = 438

SCALE , 00593

FACILITY L£C /vD T

TEST Oy425 LPA

RUN 454

Ma= 8

Piotal (psig) = (L0

Ttota‘l (°F) = 795

Taw/Ttotal = ,?/

Ry per foot = / K/Oé

Tphase change (°F) = z00

<= 3

p= O

$=0

Camera Coordinates (from
model center, x-axis
parallal w/ stream,

+ downstream)
x {in) =

y (in} =

z {in} =

Hirs & 10y 9 Feswrs

H5= 039550 Y
e Lrrtse- e

HYT.ZVOS



HAQA L

lscthﬂl."m h/h['ml'

/? 175V
37 L 255G
44 Priyek
&l L2EWE R
72 WL
‘8 SEESE
22 LEZed
Ly A NI,

pratay, 1 ok, 4T

fg. 52

PHASE CHANGE TEST

-

CONFIG.

4( - 4ABF

LENGTH (it} = , ¢ 38

SCALE .00593

FACILITY [/ ,E‘c'/mr

TEST Ox42Z8 ErPA

RUN 4/;3‘

Ma= 8

Piotal (PSiﬁ) = (30

Ttota! (°F) = ?/0

Taw/Ttotal = ?/

Ry per foot = 3;«,/06

Tphase change L°F) = o0

<= 30°
B= O
$= O

Camera Coordinates (from
mode! centep, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y {in) =

z (in) =

é AT .ru.'.l,.-_ -

H3 s  OVscerz Ty
/Fffﬁz‘-",c

HVD-EVCS

o A T

S AT e e b e ST




1 1sotherm

h/h

r=1!
i SL43070
yazi - Ari7id
L& FT7aS 7
23 277833
Y2  f 27405
7t 4 1 70.53
J2N AR WAL Y

Fié. 53

PHASE CHANGE TEST

L3

CONFIG. 44_474 BF |

LENGTH () = ,¢3g

SCALE ,p0593

FACILITY 20/ V0T

TEST #7248  FO4

RUN 4/4%

M= &

Piotal (F’sij) = /585

Tiotal] {(°F) = ?/.5—-

Taw/Ttotai T . ?/

Ry per foot = yfoz'

: T;:')hc?.se change (°F) =450

«=- 30°

B=0

$ - O

Camera Coordinates (from
made! center, x-axis
parallel w/ stream,

+ downstream)
x {in) =

-y {in) = ' ; LAt

z (in} =

g oar foaei 370’ .
H5= . 10476 77 =560

HVYD-EVCS



izotherm h/hr,=,1|
{ & 157764
20 {41278
52 LI ETO
44 734548
Lq A 2a367
yi’ (77474
T Wi 2k
14 LSTFUHY

Fte. 5%

PHASE CHANGE TEST

CONF‘!G. 4(0__/ |

LENGTH (#t} = (£ 38

SCALE 00593

FACILITY LAC/ypT™

TEST #4205 £pA

RUN 4£/5%

M,= 8

Piotal (psig) = /¢ 3

Tiotal (°FJ = 780

T /T =’C;/

aw’ " total

Ry per foot = /?('/gé

Tphase change {(*F) =175

x = 30

g=0

$=0

Camera Coordinates (from
modal center, x-axis
parallal w/ stream,

+ downstream)

x {in) =
y (in) -
z {in) =

éf.. Foverni 10

v, By
H5 osey_szy /?’fsa_-.a,-,—



-‘—‘-‘—_
{sotherm h/hrwl '
+/ 253328
2& Lo 526
40 (L3337
Y Wy L
7z OF12087
£8 OETEE
jee 052 157 L,
T PTTIES
Fi6, 557

PHASE CHANGE TEST

CONFIG,
46-3

LENGTH (&) = ¢ 38

SCALE 00593

FACILITY 4RC/VDT

TEST QOgg2p  RFF

RUN 4/57

M= 8

Piotal (Pgiﬁ) =420

Tiotal ('F) = 970

Taw Tiotal = , 77

RN per foot = 3‘ )‘/D{’

Tphase c¢hange (°F) = F00

« = 305

B- O

$= O

Camera Coordinates (from
model ceanter, x-axis
parallel w/ stream,

+ downstream)
x {in) =

y (in) =

z {in) =

3 . .
(& pr Pl "

PR ey



PHASE CHANGE TEST

tsotherm | h/ hpayt
Iy LIS
L& SLTTEY
F4A 0907482
37 227823 5
£4 LBIOL
£3 D5EdZE
74 52506
9.5 he543
JZL JNEIFET :
FIG. T6

CONFIG,

46-|

LENGTH (#) = , £ 38

SCALE oO59 3

FACILITY 4 ‘q@/up 7

TEST ooz @  RPa

RUN 4/40

Mo= 8

Piotal (psig) = /40

Tiotat (°F) = gps5~

Taw/Total = , 9/

Ry per foot = ! X/Oé

Tohase change ( F) =150

o = g@°

B=0

=0

Camera Coordinates {from
madel center, x-axis
parallal w/ stream,

+ downstream)

x (in) =

y {in) =

z (in} = -
qkf-' rl""'r\-" il

#5= . 03950¢ 37y,
Fr-sep.op
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Isotherm h/hr=1|
i) LIE77
Lé AIE7 7

P S22 A
¥ LOFS 8
£3 JSI7TGTF
7R LD 70075
27 e 8L
i1 8 LO5RTU

 PHASE CHANGE TEST

Fle. 87

CONFIG.
| 46-3

LENGTH (ft) = 4 38

SCALE L0593

FACILITY ;ngbpr-

TEST O#F£273 RFPH
RUN  4/61
Mg= &

Pistal (Pf‘ij) =163

Tiotat {°F.) BoD

Ta.w/Ttotal = ’ ‘?/

RN per foot = / K/Oé

Tphase change (*F) = /75

——

<= In°
p= O
$= O

Camera Coordinates {froem
model center, x-axig
parallel w/ stream,

+ downstream)
x (in) =
y (in} =

z {in) =

4. A Tpaae i
H3= 0000474+

8rv

Fresee-F

LT TrAn



Isotherm

1o

i8

27

$£2

5u

Lo

AOFTY

’7

(0?26 3

(fc')

L5358

PHASE CHANGE TEST

Fis, g

CONFIC,

44~1

LENGTH (&) = 438

SCALE 00593

FACILITY /re/vor

TEST OWszB KPR

RUN 4762~

Mo= 8

Piotal (psig) = {255
Teotal (°F) = g,
Taw Tiotat =, 9/

Ry per foot = &-x/o ¢

Tphase change (°F} = 350

« = 300'
B~ ©
= O

Camera Coordinates (from

model center, x-axis
parailel w/ stream,
+ downstream)

x (in) =
¥ (in) -

z {in) =

3., 104917

‘frd X - I'O_

AT L
£l spa-oF



Izctherm
/¢
Sl 22T
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4¢ LI
Lo JLE8
79 OO0
7/ L0732
2L (OFEE

Fi1g, 59

© PHASE CHANGE TEST

CONFIG. 46-3

LENGTH (#) = , 438

SCALE ,00593

FACILITY (ge/VoT™

TEST OH9ZB  fPY

RUN 4/63

M,= &

Piotal {psig) = 355

Tiotat “‘_73 =870

T /T =, 92/

aw’ " total

RN per foot = ;(/06

Tohase change (°F) = 350

Cf-: 30“'

B= O

$= 0

Camera Coordinates (from
model center, x-~axis
parallel w/ stream,

_ + downstream)

x (in) =
y (in} =
z {in) =

@ﬁ—. Tl 10

5=, J0¢5¢ E0Y
/ . /0% 6Ff’-:¢-'c-°ﬁ



PHASE CHANGE TEST

CONFIG,

46-3

I LENGTH (#) = _¢£38

SCALE , (00593

FACILITY L£¢/ypr

TEST 0O#e2 13 KPR

RUN %63 M

Mo= 8

Piotal (psig) = s7g84~

Tiotat {°F) = g70

Taw/Ttotal = ’ ‘H

Rp; per foot = é,)(/p“'

Tphase changa (°F) =350

x=30"

A= O
$=0

Camera Coordinates (from
model center, x-axis

parallel w/ stream,
1 Isotherm hi'hpgl. + downstream)
/7 [ 2L O x (in) =
23 ey
33 L0557 y lin) =
7 ~ 4TS
72 lscrig Y
s DG 53T | z (in)
R Hs= 10456 BEY



Izsotharm h/hr""l'

g WEFE S
/5 SE2T7
24 A28
40 DR7Y
5O D782
T L0638
20 T8 3
oy 12539

Fi6, é1

PHASE CHANGE TEST

CONFIG,. 44 -3

LENGTH (#) =  £3p

SCALE ,pos593

FACILITY Lge /vDT

TEST Oygz8  KPH

RUN _ 4jg4

Mu= 8

Piotal (psig) = (35

Tiotal ("F) = 955

T /T

aw total .qf

Ry per foot = 3}(1{)9

Tphase changa (*F) =250

& e30°

A=0

$=0

Camera Coordinates (from
model center, x-axis
parallel w/ stream, .
+ downstream)

x lin) =

y (in} =

z (in) =

HS= 073487 F%%“;m_
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20

8

CONFIG. 4.4 "y

LENGTH (#) = ,(38

SCALE .00593%

FACILITY [RC/VDT

TEST OH428  RPA

RUN /45

My= 8

Piotay lpsig) = (£0

Tiota) (°F) = 230

T T

aw’ Ttotal =, 9 {

Ry per foot = 3x/0£

T (°F) = 250

phase change

o= 30

B=0

=0

Camera Cocrdinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

x {in) =
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.z {in) =
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PHASE CHANGE TEST
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S

15

CONFIG. ;2

LENGTH (#) = ;38

SCALE | O059 3

FACILITY e /ypT

TEST ow4z53 KPR

RUN 444

Mo= 8

Piotal (stj‘) = 1390

Tiotal (*FY = 920 -

T /T

aw’ Ltotal =, 9/

Ry per foot = ¢ ¥/0 ¢

Tphase change (*F) = 400

%= 30

p= O

9. 0

3

Camera Coordinates {frem
madel center, x-axis
parallal w/ stream,

+ downstreaam)
x {in) =

y {in) =

z (_ip} -

WS = . 102e5B8TY
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D
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PR f
0o | o SCALE ,00593
FACILITY LRC/\/D)'

| .
" l T ey A N TEST O#92B8  kPA
i _. e CRUN /47

/ e | e 2

Piotar (psig) = /¢ 24

Tiotar (°F) = 204

Taw/Ttatal =, ?/

Ry per foot = 7x/p ¢

Tphase change (°F) S do0

X= 20

B= 0o

$=0

Camera Coordinates {from
moade!l center, x-axis
parallel w/ stream,

Isctherm + downstream)

10 ~ x {in) =
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PHASE CHANGE TEST

CONFIG.

46-3

LENGTH () = , 438

SCALE ,00593

FACILITY LRc/voT

TEST O#475 KPP

RUN 4/6§

M_ =g

Piotal (psig) = /939

Ttotal (*F) = 9%

T /T

aw’ ‘total =« 9/

RN’ per foot = o

T (°F) =

phase change

O o=

ﬁn

-

Camera Cocordinates {from
model! centar, x-axis
parallal w/ stream,

+ downstream)
‘x lin} =
Y (in) =

z {in) =

HS= 122702870
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PHASE CHANGE TEST
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Y2

CONFIG,
46- |

LENGTH (&) =~ , 438

SCALE ,00593

FACILITY ¢t Rc/vor

TEST OW428 R72

RUN q{7g

Mg= §

Protal (psig) = ¢ 50

Tiotay (°T) = 886

Taw/Ttotal - .92

RN par foot = 3 Xf03

Tphase change (°F) = 300

o= 35

B= 0D

$=0

Camera Coordinates (from
mode! center, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y {in} =

z {in) =
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PHASE CHANGE TEST

_\0

CONFIG,
46-2

SCALE , 00573

FACILITY src/vorl

TEST owxgz28 (Rr#)

RUN 4/73

Mg= 8

Piotal {psig) = s3290

Tiotal (°F) = /5

Taw/Ttotal = ,92

Ry per foot = é)(/pé

;rphase change (*F) 350

<~ 35

B= O

$= 0O

Camera Coordinates (from
madel centar, x-axis
parallel w/ stream,

+ downstream)
x {in)

y lin} =

z {in) =
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PHASE CHANGE TEST
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CONFIG, H -/

LENGTH (&) = 43243

SCALE |, pp593

FACILITY [rl/yoT

TEST O#¢25 (er#)

RUN 4/ /74

Mo= &

Piotal {psig) = /455

Tiotar (°F) = 745

T&W/Tbtﬂl = ) ?Z.

RN per foot = /X/OG

Tphase change (°F) =I75

<= 35
B= o
=

Camere Coordinates {from

o [ These model center, x-axis
tablen paratlel w/ stream,
ey syel + downstream)
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PHASE CHANGE TEST
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CONFIG,

46-1

Aty

LENGTH (#) = , {38

SCALE ,00573

FACILITY Mc/wf‘

TEST O#428 (£P#)

RUN 4/(75

Mo= B

Piotay (psigl = 390

Tiotal (°F) = 9035

Taw/Ttotal =.,9z

R

p per foot = b ﬁ}’O‘

;-r

phase change (°F) = 400

o 35

A= D

$=- 0

c

amara Coordinatez {frem
'model center, x-axis
parallel w/ stream,
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% (in} =

y {in] =

z (in) =
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PHASE CHANGE TEST

CONFIG,

t6-/

LENGTH (&) = , (38

SCALE . D093

FACILITY ([gc /YOI -

TEST OK428  (ers)

RUN 4f74

Mg= 8

Pota; {psig) = yz80

Ttotal {(°F) = 9/5—

Taw/Ttotal » 72

'RN per foot = L xfoé

;Tphase changa ("F) = 350

<= 35°

A= 0

¢= 0

Camere Coordinates (from
model center, x-axis-
parallel w/ stream,

+ downstream])

x (in} =
y lin)
z {in) =

HS=.10978rv.
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CONFIG.

PHASE CHANGE TEST

46-4EBF 3

LENGTH (#) = (35
SCALE 00573
FACILITY LRC /vOT
TEST O#EZ8  (RP4)
RUN 4(77

Ma= 8

Piotal (PSI_j} = {25

Tiotal (°F} = g4p

Tawatotal =, Cf/

R)y per foot = 3 X/Oﬁ

Tphase change (*F) =400

o = 300
- 0
$¢=- 0O

Camera Coordinates (from
model center, x-axis
paraliel w/ stream,

lsotherm | h/h.q R o o '7{ o // . 1557 L + downstream)
o B2y T 1 | in) =
23 (3108200 - o . L 3 x {in)
$8 . 241830 L
] -y yrni y (in}
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PHASE CHANGE TEST _ ' ' | " 1 CONFIG,
o 46-2

LENGTH (#t) =, (38

: SCALE ,00593
\ FACILITY gxc/yﬁr

\ | TEST om28  es)

\ | _RUN 4/78

\ )
‘ L Meo= &8
I total fps'g) &35

A - ' ' | ‘
d _ & , —
. s ' ' Tiotal (°F) = g5

Ry per foot = 3}”0"’

Tphase change (°F) S5O0

«= 3o
B= O
g= O

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

Igsotherm | h/h

r=11 L, : R o )
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23 T : o . N : S x (in) =
Py . FZI2L0 e R S L e L . .
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PHASE CHANGE TEST

Fte.73

CONFIG.
4E-44F BF

LENGTH (#) = , (38

SCALE . p05%3

FAQILITY [kC/VDT

TEST O#4268 (RPA)

RUN 4/79

Mp= &

Piotal (psig) = / ¢4

Tiotal (°F) = £20

Taw’ Teotal =

RN per foot = j}(foé

Tphasa change (*F) = 3270

<= 3p°

B= O

$=0

Camera Coordinates (from
modeal center, x-axis
paralle! w/ stream,

+ downstream)
x lin) =

y ({in) =

z (in) =
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PHASE CHANGE TEST < ‘_ :
CONFIG. ny

LENGTH (&) = {32

SCALE , 00573

FACILITY LRC/YDT

TEST O#428  (RP4)

RUN  4/80

Mo= &

Piotal (psig) = (25

Tiotal (°F) = 9/p

T

aw’ Teotal = . 91

Ry per foot = 35/05

Tphetse change (°F) = 300

<= 30°
B= O
$=- 0O

Camera Coordinates (from
model center, x-axis
parailel w/ stream,

Isotherm | h/h .4, | _ ‘ + downstream)
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o LENGTH (#) =, ¢ 38
/,/ | | SCALE , 00593
' FACILITY zge/vp7
TEST O#428  (RFH)
RUN H/8{
Mo= 8
Piotal lpsig) = (57
Tiotal (°F) = 8/0
R {11} 15 -3 TaW/T‘otal = .
> go Tawl
5 Ry per foot = f 3/06
. Tphase change ("F} = 250
o = 30"- -
8= O
= O
Camera Coordinates (from
model center, x-axis
R ' . . o parallel w/ stream,
Isotherm | h/h .4 L N _ S + downstream]
5 593474 S STl ' R (in) =
/e £L5649 - S, ' S X
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PHASE CHANGE TEST e ‘ ‘- CONFIG.
46~ 4AEBF

LENGTH (®) = g 38

SCALE ,0D%59%3

FACILITY fge /Vor

TEST OW428 - (Fe#)

RUN 1_//32

Mg= g

Piotal (PSiﬂ} =170

Tiotal (°F) = 780

Taw/Ttotal =, q/

Ry per foot = /K/06

Tphase change {*F) "/75‘

<= 2p°
B=
P 0

Camera Coordinates (from
model center, x-axis
paraliel w/ stream,

+ downstream)

lsotherm h/h

L0 . 20483 S ] ST < (in) =
L0 14343 o e 1o ' , o : _
40 LI1823 _ o D N L L
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CONFICG,
4L 4R EBF

LENGTH (&) = (3g

BCALE , 00573

FACILITY Lgc/voT

TEST pf4z 8 RPA

RUN 4/83

Mg= &

Piotat (psig) = y4p

Tiotal (°F.} = 720

'Taw/T&;Cal = '"‘7/

Ry per foot = /x/05

Tph&se change (°F) =200

X=  3Fo°
= ®)
¢= 0

Camere Coordinates {from
model center, x-axis
paraile! w/ stream,

+ downstream)
x {in) =

y (in) =

z (iﬁ) =
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PHASE CHANGE TEST

Re78
e oriI B L

MY LTS oM
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CONFIG,

$6-48EBF &,

LENGTH (&) = , 438

SCALE .,00593

FACILITY zﬁc/vpr

TEST QOFHLZHB RPA

RUN 4/g4

Mg= B8

Piotal (psig} = 635

Teotal (°F) = @/p

Taw/Ttotai = .7/

Ry per foot = 3)(/06

Tphase change (°F} =350

of e 3’0“’
A= O
$= D

Camera Coordinates (from
model center, x-axiz
parallal w/ stream,

+ downstream}
x {in) =

y (in) =

z (in} =




PHASE CHANGE TEST .=~ . = oo CONFIG,
o | ' ' 46 -44E8F

LENGTH (#) = , ;38

SCALE , 00593

FACILITY [Re /vor

TEST Qw428 £PA

RUN H/85

Mg= 8

Piotal {psig) = ¢ 40

Tiotal {°R) = BFD

Taw/Ttotal = ’ 6[/

Rpy per foot = 3,(;0‘6

Tphase change (°F} =250

A= 0
p=- D
Camera Coordinates (from
model center, x-axis
parallel w/ stream,
lsotherm | h/h .40 + downstream}
1o W ITE in) =
25 L (2404 x (in
7o 1. c7srd | :
z (in} = - -
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. PHASE - CHANGE "TEST o S a 7 | conme.
- 46-18F

LENGTH {ft) = ,¢ 328

SCALE ,00593

FACILITY LRC/VDT

| TEST O#f28  (kep)

RUN  4/86

Mp= &

Piotal (pSij) =¢30.

L LA

Tuotal (°F) = 599

Taw/Ttotal = .7/

RN per foot = 3{(/06

\ ;Tphase change (°F) SY50

VISR E ay o
FRamE & =< = 30

=0

$=0

T Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream])

Isotherm | h/h . o L . : _
20 425503 & s “ . | . , x (in) =
5 298777 L : : : ‘

72 2 L7753

y {in) =

. Vg.(in)""? - T
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Feame 5

CONFIG.
46~48F

LENGTH (#t) = , [ 345

SCALE , 00593

FACILITY ¢/ XC/VB]"

TEST Q#¢28 KPA

RUN /58

Mo~ B

Piotal (psig) =75

Tietal (°F.) = 870

Taw/Ttotal = 91

Ry per feot = 3 X/O‘

Tphase chan.ge (°F) =250
oL = 30"

8= &

$= O

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x {in) =

y (in) =

z (in) =
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PHASE CHANGE TEST
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CONFIC.

46-48F

LENGTH () = , £ 38

SCALE |, 00593

o e Ty

FACILITY gga/vor

TEST (04128 (et

RUM 4;5?

Ma= 8

Piotal (psig) =~ g 75

Tiotai (°F) =gg4

Taw/Ttotal . ?!

RN

per foot = 3 ‘,(/06

48

Tphase change {"F) = 54

L =

30°

A=

o

$ =

o

Cam

era Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

% (in) =

y lin) =

z {in} =
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- PHASE CHANGE TEST

k1

CONFIG,
4L~ 48F

LENGTH (&) = 438

SCALE ,pps5s93

FACILITY tRrc/vOT

r

TEST O4428 (¢P#)

RUN 4190

Mg= §

Piotal {psig) = 630

Tiotal (°F) = gos

Taw/Ttotal 7

Ry per foot = 3){/05

Tohase change (°F) =500

P
= 0O

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)
x lin) =
y (in) =

z {in} =
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PHASE CHANGE TEST CONFIG,

46-5

3

LENGTH () = 4258

SCALE , 00593

FACILITY LRC/voT

TEST owsza  (keh)

“RUN 4(q]
Mw= 8
= | Piotal {psig) = j44
L Tiotal (°F) = 805
T&w/Ttotai = ,?f
RN per foot = { Kf(?g
;rphase change ( F} =250
o = 3@0
B= O
¢= O
Camera Coordinates {from
model center, x-axis
. R , ) : parallel w/ stream,
lsotherm { h/h _, » g . o ¥ ‘ _ : - + downstream}
(51 34347 5% ' : L x (in) =
2¢ |.z¢/04 . - | .
40 2lor s y (in) =
53 S HZA3 _
75 LWy e 2z lin) =
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- PHASE CHANGE TEST S B . CONFIG. |
N Lo - 4¢- 5

LENGTH (&) =  £3g

v

> - - |LSCALE 005793

g ' FACILITY /Re / mf

. g : , TEST QO#42 B8 KPA
7y - . RUN 490

- ;{ o . M@ = 5
Rl K ‘ P’Dtﬂ.l (F’Siﬁ) 64

Tiotay (°F) = 805

Taw/Ttotal = v Q[

A r—n -
0 -

Ry per foot = {x/oé

S ‘ . SR 7 ‘ . ‘ Tphase change (°F} =280
- B e

S\Q\ B= 0O

$= 0

‘ 0 > : B Camera Coordinates {frem
) - _ , model center, x-axis

parallel w/ stream,

Isotherm { h/h .y, o ‘ - ' : + downstream)

/8| 7o6i7 S - | e L
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PHASE CHANGE. TEST

CONFIG,

$¢-5

h]

LENGTH (&) =, ( 38

SCALE |, 005793
. FACILITY LRC /DT
TEST o#¢253 £E8

RUN 792
" | | Y
AN o s , Pioal (psig) = 425
C‘\ ' Tiotar (°F ) = /0

Taw/Ttotal =, ?/

RN per foot = 37(‘/06'

Tohase change ("F) =350

<= Z0¢
8= ©
= 0
Camera Coordinates {(from
moede! center, x-axis
parailel w/ stream,
Isotherm h/h + downstream)
[7 uZﬁﬁ?‘f— ’ - « (in) =
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PHASE CHANGE TEST

8

CONFIG, 46-~5

LENGTH (i) = (38

SCALE ,00593

FACILITY Zp2 /vp,r

TEST o##2C  (gra)

RUN 4273

Moo= 8

Piotal {95;9) = &35

Teotay (°F) = 895

Taw/Ttotal = ,?/

Ry per foot = 3 ¢ to*

Tphase change ("F) = 2ay

of = Fm°

= o

$=0

Camera Coordinates {frem
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =
v {in) =

z {in) =
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/5 2IETE
72 47900
9 2 e
70 S On3s
/o4 DR232
'S 07507

MASA Lanoley (Feb, 1970

F16. 88

PHASE

CHANGE TEST

CONFIG. 4L~ G

LENGTH (f) = .38

SCALE _pos593

FACILITY (rRc/upT

TEST o©rH42c RPA

‘RUN - 4274

My= 8

‘ ptot&l (psi )} = 655

Tiotal (°F) = 9o0

T w/Ttotal = .91

a

Ry per foot = 3 x 16"

Tphase change (°F) = oo

of = 300

p= 0

$=0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x {in} =
v {in) =

z (in) =

wooer it 4+ G S Fauey

Wss 073894 878
Fri-see-°g

HYD-EVCS



h/h

lsotherm ] !
5 447590

tZ 3719
/8 L 25ORZ
g L7761
_49 s 5oz
&2 35y
/b L2207
yE IO7EO

WASA Lengrey iFab. 1879)

Fi6. 89

PHASE CHANGE TEST

21

CONFIG, 46-5

LENGTH {R) .&38

SCALE .co593

FACILITY vtwee/vpT

TEST ocharc Rpa

RUN 4273

M_ = 8

L]

plot&l (pSi } = 1395

Tiotal (°F} = 920

Taw/Ttotal = . T

Ry per foot = £ » 16%

Tphase change (°F) = 4@:

CCn 350

A= 0

40

Camera Coordinates (from
model center, x-axis
parallsl w/ stream,

+ downstream)
x {in) =
y {in) =

.2z (in) =

Mepew Vurys £ & e =
Hs= , (04863 Brv

Fre.sece-

HYD-EVCS

e



Isotherm

o

L ai-it
2L i
37 A 270
Exl L 52VE
73 - 2EFT
107 WA cYizA A
228 07580

AGA Lergley iFen. 19TV

FlE. 90

et mem

PHASE CHANGE TEST

CONFIG, 4l-(

LENGTH (#) = ,638

SCALE .po593

FACILITY wuRe/voT

TEST Gwudre RPA

RUN 4376

M_ = &

Piotal (psig) = e20

Tiotat (°F) = 950

Taw/TLctal = .9

Ry per foot = 3¥10°

T {°F) = 320

phase change

o= 357

B- D

=20

Camera Coordinatas (frem
model center, x-axis
parallel w/ stream,

+ downstream)

x {in) =
y (in) =

z {in) =

Menew Hids 4 B Re.e s

H5=,072373 BV
Fresec-°g

HVD-EVCS

e

i
(.
i
i..
i
L
i
'

[P——

B T N e



o

Isctharm

h/h

r=1!

5 L RA5S T

[ G2 2

t & N L)
LU wrrrai
Z7 Lere 7
40 SLELA
23 1.0ziqz
yz L LYl 3
A Nl X8

waae Cw TN

- PHASE CHANGE TEST

10

15

AD

(V)
5

F16.91

PR S e me s s e . m—

CONFIG., 46-5

LENGTH (#) = .438

SCALE LO0S593

FACILITY L RC/UDT

TEST OCH41C RPA

RUN 4279

Piotal (PSigl = 139%

Tiotay {°F) = 940

Taw/Ttota! =, ?/

Ry per foot = ( « i0°

Tphase change (°F) =

ol o ®
= o

A= o

p=0

Camera Coordinates (from
mode! center, x-axis
parallel w/ stream,

+ downstream)
x {in) =

y (in} =

z {in) =

Melcw Ve L8 Tuwd <

#H5z L OtTE Lrv
Frisee-°F

H/D-EVES

e ———— ]

T o oot e




Isotherm

5

22

3¢

q7

2t

WakviZnd

73

2T

120

P20

NASA Langiay {Fen. 1977)

PHASE CHANGE TEST

CONFIG. 44-b

LENGTH (#) = , 638

SCALE 00593

FACILITY o F.";/UDT

TEST oH42¢C (RPA)
RUN 4280
Mo= &

Piotal (psig) = ieo

Tiotal (°F) = g5

TtOt&l = » ?/

Tﬁ. W/

Ry per foot = | i

Tphase change (*F) = oo

o= 3"
A=o
$=0

Camera Coordinates {from
model centar, x-axis
parallel w/ stream,

+ downstream)
x {in) =

y (in} =

z {in) =

MadEL Wrs 4 @ TRawe §

H37.0315¢6¢ 80
Fresse-orm

"HVD-EVCS



Isotherm

L5

17

25

17

;3

SEOLE

77

L3735

[

L 12227

COSA Loy Ben 2TV

© LR TR MLl ek A e

FIG.‘on ‘

" PHASE

CHANGE TEST -~ &

CONFIG. 46-6

LENGTH (#) = 038

SCALE .00593

FACILITY ARc/vDT

TEST oHag2c EpA

RUN 4283

M,= &

Piotal tpsig) = 10

Tiotal (°F) = 788

Taw/Ttotal = .97

Ry per foot = Pyi1e®

T (°F) = 2oy

phase change

o = Sb°

p=0

$=0

Camera Coordinates (from
model center, x-axis
parallel w/ stresam,

+ downstream)
x lin) =
y (in) =

z (in) =

Menan Uiy 4 AT S Fawes

7357 ,03952z7 Brv .
Fr2-s€c-°F

HVD-EVC3



NASA Lacgley (Fen. 1971)

FHASE CHANGE 1Ek>1

lsotherm

h/h

r=1!
T L 3488%
[ JA537 S
r Z 231hb
24 1t A
-y 1 2LF27
g ¢ oy 7ae e
Iy 07754

CONFIG, 4b-6

LENGTH (#) = .28

SCALE L0593

FACILITY +R¢/upt

TEST o©Hn41ic RPA
RUN <184
lMcn= 8

Fiotal {psi ) = 1400

Tiotal (°F) = 920

Taw/Ttotal = L9l

RN per foot = & x 16°

Tphase change

(eF‘:} "= ESQ

o = S‘,b

ﬁ-:o

?=p

\

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =
'y (in} = |

z {in} =

Moot WMay & & Fraeg &

K5~ 1099087
Fitsec-°¢

HVD-EVCS




1sotharm

h/h

129,

r=1!

15 38793
&3 L2291 2
7 HT53¢
1% A5 T
L3228

T L englay (Feh, 1971)

Flé. 15

'PHASE CHANGE TEST

C gn

CONFIG, 44&-5

LENGTH (##) = .438

SCALE  .oc059%3

FACILITY R‘"—/\JDT

TEST CH42C RPA

RUN 42806

a
Mw“-' oo

ptnta] (psia} =55

Taw/Ttotal = .72

RN per foot = | x 10

Tphase change (*F) = zso

€= za”

B=p

$=0

Camera Coordinates (from
model center, x-axia
parailel w/ stream,

+ downstream)
x {in) =

y lin) =

z {in) =

M aOe \3.'\\5. &a. AT Ea.uc.ﬁ

M3 .03p504 BIY
£rE-SEc-9F

H¥YD-EV(S




h/h

Isotherm
/7 35319
Z3 L3035
47 2124
57 AELHO
I.ch ,IZBII

MASA Lengiey (Fex. 1971

Fi6, 94

PHASE CHANGE TEST

CONFIG, AL-G

«Th

LENGTH (#) = .¢38

SCALE . 00593

FACILITY LRc/upT

TEST oK42c ReA

RUN &£z287

M= &0

Piotal (psig) = 152

Ttotal {°F) = 2¢o

Taw/Ttotal = .9z

Ry per foot = | 4 ,,°

Tphase change (°F) = 250

o= 2%
B= 0
$=0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x {in) =
v lin) =

‘z {in) =

Moman Wids & AT S Fnwmey

#5 =z 038592 &V
Frisgg-e,=

HVE-EVCS



f"_‘/’
isotherm | h/h _q

‘7 Jooss
3 Wiixyi
AL L2543
73 {4325

s/ A2 g

¢ 7 PR NAL # A

WASA Leargizy (Fga. 137

Fié. 91

- PHASE CHANGE TEST

.

2o

CONFIG, 46-5

LENGTH (#) = .&38

SCALE .p0593

FACILITY wLRe/uoT

TEST OH42C RPA

RUN 4288

Mga= 8.2

Piotal :(psiﬁ} = {25

Tiotal (°F) = 875

Taw/Tbota! = L2

RN per foot = 2y ot

Tphase change (°F} = 350

of = 25°

A=

$=0

Camera Coordinates {from
model center, x-axis
parallal w/ stream,

+ downstream}
x {in) =

y {in) =

z {in) =

Maoe. Hade § @ % Sy

H5=,07223¢ B7Y
Fresec-op

HVD-EVCe™




PHASE CHANGE TEST

[Sothem h/h"m].'

q $ 27126

- 21012 54 22
22 2550 k| O
iz 3958

59 L2515
2L LLHET
Yiz4 e ulel
t 26 1 0]2§D .

Fi6. 98 -

MASA Longloy (Feb. 15711

CONFIG, 4L

LENGTH (#t) » .638

SCALE 00593

FACILITY tRe/upT

TEST owd4ic RPA

. RUN 4289

Mm= &0

Piotal (psig) = 440

Ttotay (°F) = 925
Taw/Ttotal .7z

Ry per foot = 3 x 15
Tphase change ' F) =2ae

of = R

B= O

$=0

Camera Coordinates (from
medal center, x-axis
paraliel w/ stream,

+ downstream)
x (in} =
y {in) =

z (in) =

Moo Wity o & T Eay

A5 = 0733085 Bry
Fr-see- o

HVD-EVCS



PHASE CHANGE TEST CONFIG. 44-5
LENGTH (ff) = .38
1%
s . T SCALE o593
FACILITY (Re/udT
TEST oH42C B PA
RUN 4z92Zz2
1
0 Ma= &.o
Piotal (psig) = ldeco
Tiotal (°F) = G925
Tawntotal S
- RN per foot = ¢ , |a%
Tphase change (°F) = ¥xo
134 _ o=t
V [ e-o
$=0
Camera Coordinates {from
model center, x-axis
‘ ‘ o parallel w/ stream,
Isctherm | h/h_qy | o T s 12 N . - ¥ downstream)
J- 232073 o I T ' x lin) =
‘2 24T E T SRR ‘ _ .
79 17377 S T ' y (in} =
33 13763 - g C L !
50 10775 : -
L5 WIS, | N o z {in)
B . : #57, pp9 20K
F16.99 o ' ( o Fri sgp-of
TOSA Languey IFeh, 1971} - HVB-EVES



leotherm

3

1/

7

3l

e

55

L2E

AZA Larginy (Fe, 187V

Fi8, 100

PHASE CHANGE TEST

1

12%

CONFIG. 46-5

<

LENGTH (#t) = 638

SCALE .eos 93

FACILITY w1re/upT

TEST GH42 ¢ REA
RUN 4293
Mo= 8

Piotal (psi )} = (po

Tiotal {°F) = 760

T /T

aw’ ‘total = 90

RN per foot = | 3 lo“

Tphase change (°F) =

&= 75°

B= O

=0

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y (in} =

z (in) =

#5Z 03910

Q = FRBHE §

W HD
L e
FI= 3¢ yyDLEveS

e o e e A TP TN



Isotharm h/hpﬂiy
5 . TR
23 {10l
20 Walis Z A
34 L OTigé
90 L pstez?
72 LOFTOZ
5 0827 .

G8A Langay [Folr. 18TH

Fie. 101

PHASE CHANGE TEST

CONFIG, 4&-5

LENGTH {#) = .238

SCALE  .005%3

FACILITY Lgc/voT

TEST o©oH4rc RPA
RUN 4 294
Mo~ 8

Ptotal (psig) = bl

Tiotal (°F) = 895

TawlTbta.l = 90

RN par foot = 2 x ’0‘

T {°F) =

phase change

o= 24°°

B=o0

$=0

Camara Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream)

x (in) =

.-Y(in)“

z {in) =

. ros
H5: 072837 }%m cop

EVD-EVCs



Isotherm { h/ By

4 L2707

it 123

5 Y 14)

‘ z2i Wit 24
32 WL/

Lol TG

&2 14 O28

§/74 LD HI5E

A Largley [Fab, 1971

F18, 102

PHASE CHANGE TEST

CONFIG, 44-5

LENGTH (&) = ..38

SCALE 00593

FACILITY vurefuot

TEST oH42C kPA
RUN 4295
Mp= B

Pistal {psi ) = 13950

Tiotat (°F) = 920

Tow Tiotal = , 90

Ry per foot = L 1o

T (°F) =

phase change

X= 257

B=0

$=0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =
y lin) =

z (in} =

FRErTE 5= £

o H D
sz Lr00488 %:g_ spc-°m
BVD-EVCH

ey

B e atd

et ot g



' PHASE CHAMNGE TEST

lsotherm { h/h__q:
8 30300

F& 21429

ZF L7597

37 L UTE

it Yy s

7y {02548
: i2d DB38/

AS4 Lanaiey [Fan, 1971)

Fi6. 103

o R T

CONFIG, 44 _;;_

LENGTH (R) = (38

SCALE , 00593

FACILITY L&C/VDT

TEST oudza  CRPA).

RUN 4084_

M= 8

Piota) (psi } = 620

Tiotal (°F} = Yoo

Taw’ Tectal =

Ry per foot = 3 ¢ 6
Tphasa change {"F) = 3co
=30

B= O

=0

Camera Coordinates (from
model canter, x-axis
parallel w/ stream,

+ downstream)
x {in} =
y lin) =

z (in) =

BVD-EVCS

i



PHASE CHANGE TEST CONFIG, 4(-~%4

LENGTH (#) = .638

SCALE .,cos593

FACILITY LR</upT

T TEST CH42A (rPa)

RUN 45,5”(

Mo 8

Pistal (psi } = 620

Tiotal (°F) = 280

Taw/ Tiotal = - 10

RN per foot = 3 )Lm."

Tphase change (°F} = 200
o= zp
B=o
$=0
Camera Coordinates (from
model centar, x-axis
e o , . ) . ‘ parallel w/ stream,
Isotharm h/hrnll . cent i a e _ ' + downsiream)
d W viF ‘ S - ' ' s
/2 SL582 x {"‘)7
3¢ . O6 44 : » e o : in) =
57 05208 . o S : B . y {in)
14 LOETET T . R . lin) =
59 LOF 238 R U oo R B {. =z G}
07 L O3TEY d ' ’ o . ' _
/20 034497 : ; . . M5z ,072z288 87V
' Fi6. 10} | Frdge ooz

NARA L anglay [Feb. 1QT9) X . . . EVCS



| Isotherm

h/h

p=1!

20 .22/05%
7 + L TE 2L
¢! L ITF37
+9 (JLEFZ2E
5 (L OFELS
20 L OP028

" PHASE CHANGE TEST

CONFIG, . 4%

LENGTH (f) = .638

lSCALE L 00593

FACILITY Lre/upT

TEST o©H41A Crpa)

RUN o556

Mg= 8

Tiotal (°F) = 925

'Tawa\‘.otai = .90

Ry per foot = ¢ rip®

Tphasa change

(°F) = 400

= 30

B=0

5o

Camera Coordinates (from
model center, x-axis
parallal w/ stream,

+ downstream}
x (in) =
y (in} =

z lin} =

M55 108839 8B
Frisce-o=

HYD-EVCS




PHASE CHANGE TEST

CONFIG, 4b-%

LENGTH (#t) = ,u382

SCALE . ORP593

FACILITY urcfuoT

TEST OH4ZA (renl

RUN Lo 87

Mp= 8

Pistal (psi } = 400

Ttotay (°F) = 925

Taw’ Tiotal =

| Isotherm | h/ hiwg
5 L228K
y4ei AT
9 Qrrid
io 7280
35 L OL T
+& QsF63
Lo el vEL
75 LD EORD
/23 W (235557

- (Fap, 19710

¢
Ry per foot = & =10

Fié.106

Tphase change {°F) =250

of = 30

P= o

$=0

Camera Coordinates {from’
model center, x-axis
_parallel w/ straam,
+ downstream)

x [in) =
y {in) =
z (in} =

5= 109 75, 8LV
Fresee -

HVD-EVCS



PHASE CHANGE TEST

CONFIG, 4L-4

LENGTH (#t) = ,638

SCALE .00593

FACILITY LrRre/voT i

TEST oH42A (reA)

RUN _ J033

Mg= 8

Piotai (psi } = 1935

Ttota‘ (°F) = 935

- R - -
¢ aw/Ttotal .70

RN per foot = 8« 10"

Tphase change {*F) = 400

Izotherm

h/h

r=1t
1o s 24328
{8 (L PEZE
2C Lol
% 1 LEPTE
8 alyeli

sralay [Fop, 1971

Fie. 107

A ]

of = 30

A= o

$= o ‘5

Camera Coordinates (from
model center, x-axis
parailel w/ stream,

+ downstream)
x (in}
y lin} =

z {in) =

WSz 12790 B¢

Fri-sgo.v¢

HVD-EVCS



1 3
¢ y .l
!sothem hlhr‘"’l‘
[+ (S 2L07
4z Q783
g2 el yid)
f27 L8109

NASA Langley tFen. 1871)

PHASE CHANGE TEST

F16. 108

CONFIG, 4&-4

LENGTH (ft) = .£38

SCALE L0593

FACILITY trc/vor

TEST oH42A {Real

RUN 4087’

M= a

Ptotal (Psi } = 163

Tiotal (°F) = 750

Taw’ Ttotal * .90

RN per foot = | X 1o

Tph&se change (*F) = 150

o= 3o

A= o

$= o

Camera Coordinates {frem
model canter, x-axis
parallal w/ stream,

+ downstream)

x (in} =
y (in) =
2z {in) =

sz .,03938 8V
Fri-sge.oF

HVD-EVCS



1zotherm h/hr,_li
Lo L0275
3/ WS
&2 N yLT2e)
gz [ O51 g
28 . DELAT

CESA Lesgly (Fep. 19711

PHASE CHANGE TEST

Fig. 109

CONFIG, 4é~4%

LENGTH (&) = L, £28

SCALE , 00593

FACILITY 1Rc/ubT

TEST o©H42A Ceen)

RUN 409

Mo= B

Piotal fpsi ) = 13%0

Tigtat (°F} = 930

Taw/ Tiotat = . $0

Ry per foot = & 10°

Tphase change (*F) = 400

<= 4o

A= o

$= 0

Camera Coordinates (from
model center, x-~axis
parallel w/ stream,

+ downstream)
x {in) =
y (in) =

z {in) =

HS = . to#53 BIY
FrE-sec-9g

AYD-Z¥08

- - ey e g



20 §o o5
lsotherm hfhr.,,;ll
I L S059E
20 38774
145 22042
5 s BLEZS
75 18274
V23 WEXTE]

NASA Langley (Feyy 19TH

PHASE CHANGE TEST

105

FI6. 110

CONFIG, 4L-4%

LENGTH (&) = 4328

SCALE L, 00593

165

FACILITY cLRrc/vnT

TEST o#n42A Crea)

RUN  4o92.

M,= g

L]

Piotal (psi )} = 1400

Tiotay (°F)} = 940

Taw/TtotaI = t 9()

Rpy per foot = § x 6

iTphasm change (°F) = gsoo
«“- g0

A = o

¢ = o

Camera Coordinates (from
model center, x-axis
parallal w/ stream,

+ downstream)
x {in) =
Y‘ (in} =

z lin} =

Msz 10477 ALY
Fri see-oF

HVD-EVCS



MASA Lo gley (Fob. 19TTY

PHASE CHANGE TEST

CONFIG, 46-4%

LENGTH (#) = 438

SCALE .00593

FACILITY &Rc/voT

TEST oH42A (r?A)

RUN _40?3
Ma= B8

Piotal (psi ) = 15©

Isotherm h/hf""’y__, -
A% « 284S0
L5 1233223
25 LB rZO
20 L3
b ol fZZ
20 L0125
fec: 080
,25’ £ DJ_?/D;'

Fle. 1

Tiotal (°F) = 760

Tow/ Teotal = . 90

RN per foot = | x 0"

;Tphaae change {"F) = 200
= 4o

B = o

$ - o

Camera Coordinates (from
modal centar, x-axis
parallel w/ stream,

+ downstream)
x (in) =

y (in) =

z (in) =

¥5=,036176 Brv
Fr*-sFC -°F

HYD-EVCS




3o
56

4

25
7

Isothermj h/h__y,

7 . LEBTE

23 . 08B98
bal%d L 07034
X D578
e L0297

112 L0XG 07

SA Langtey {Feb. 1571}

76

PHASE CHANGE TEST

130

Fi6. 1i2

13
80
96

23

CONFIG, 46-4

LENGTH (&) = _¢3g

SCALE 00593

FACILITY tRc/ubt

TEST oH42A CRPA)

Mga= &

Piotal (psi ) = 6o

. Ttotal {°F) = goo

Taw/Ttotal .90

RN per foot = | x ot

Tphase change (°F) = )50

o= 40

= o

¢= o

Camera Coordinates (from
model center, x-axis
paralael w/ stream,

+ downstream)
x {in) =
y lin) =

z {in) =

¥5= ,03924 Brv
Fri- seg.of

HVD-EVCS




PHASE CHANGE TEST -~ == - = CONFIG. 46-%4

LENGTH (&) = .,38

SCALE LOOS593

FACILITY LRc/vDT

TEST ouazp (RPAD

RUN 4076
Mp= 8

—_—

pﬁ;ﬁ] (psi ) = "395_

Ttotal (“F) = Foo

Ry per foot = & kio®

Tph&se chenge (°F) =400

”- prreerm e e e {#‘,;_'_-‘— — ~ —— - o m Tl

Vi E_ //4//// B

Cameore Coordinates (frem
model conter, x-axiz
- : . B parailel w/ uts'emm,
L e I - + downstream

/1 _33/32 : S R LA o e T x {in) =
-3 IS sA S . ‘ . - 0. IR R

LT £ 29TL
foF Jof2d

y (in) =

z {in) =

S T e e . .7 e | K3 = r0¢ee72 7Y
i 1S e S .

BYD-EV(R

A Langtey 1Feb. 1GTN

ST e g

- - . T A LR T T




Isotherm h/hr"#l' |
£ 2 LC1937
AL L C30F0
AL ? APy ITY?
4
54
5

dASA I anrlaw iFuh 1671]

PHASE CHANGE TEST

CONF1G, 46- 4_

LENGTH () = .¢38

SCALE .005%3

FACILITY @ rc/upT

RUN 4097

M“E a

Piotal {psi ) = 1285

Tiotal (°F) = 924

ToulT

aw’ total ~ -, 0

RN per foot d:. x‘oc

Tphasa change (°F) = 200

of =
B= o
¢ - =l

Camera Coordinates {from
modal center, x-axis
parallel w/ stream,

+ downstream}
% (in) =
) y (in) =

=z (in) -

M S3.108088
Fr*Spp. o

RIS _mrme



PHASE CHANGE TEST

CONFIG., 4b-4

LENGTH (&) = .638

SCALE L oOSE3

FACILITY &Re/udT

TEST O#d42A (rr4a}

RUN 409¢

Ma= &

Pital (psi ) = oo

Tiotal ("F) = 760

Taw! Ttotar = . 10

2
Ry per foot = 1¥i0

Tphasa change (°F) = 175

isotharm h/h[ml,
142 2l 7e0
{0 LCHESY

/27 LOLB?

YASA Lagiey (Feo, (9T

Fie, 1§

Camera Coordinates (from
model center, x-axis
paraliel w/ stream,

+ downstream)
x (in) =

y {in) =

z (in) =

WSz O34T BIY
Frtisee-°F

K¥D-Iv(3

i T At Y g e 2

M e e

.



£3A Longloy (Fep, 157T1)

1
15
[mth@m h/hE":l'
7 2500
/5 L L7008
rAn L, /323
35 NIV
50 L O %54
SO L0739
;oo JD6b 14

Fi6. 16

25

35,

PHASE CHANGE TEST

3 o

oo

8o

loo

CONFIG, 4L-4

¢

LENGTH (8) = ,o38
SCALE 00591
FACILITY &< fupT
TEST o©0H42R (rREA)
RUN 4jop

Mg= 8

Ptotal (psi ) o '1420 .

. Tiotal (°F) = 985

_ TawTiotal = - 9 2

Ry per foot = £ x T

Tphase chenge (*F} = 350
<= 25

B= o]

$= o

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstream}
x {in) =
y (in} =

z {in} =

HSs ,toio O7v
Fri-sep-op

RYD-EYCS

g g e



T
Igsotherm h/hrﬂ,1|
7 WELIYF
75 LS FETE
A 2 Tozd
is L O7630
Lo , 06384
79 L 08213
- 704 L D¢s05

© b Leagiey {Fep. 1971)

g

pg T

25

3‘3‘

jog
%0 15.

.

0%

27

5o
75

g

CONFIG, 46-4

LENGTH (&) = .63z
SCALE  .0®393
FACILITY LRrefupT
TEST oH42A Crer)
RUN 4{o0f

Mg= 8

Piotal (psi Y = 1375

" Tiota (°F) = 950

Taw/Ttotal = ‘?D‘

‘ Ry per foot = ¢ x go“ ‘ IAA

'Tphasa change (°F) =
L= g .

B= o

= 5

Camere Coordirates (from
mode! center, x-anis
parallal w/ sircam,

+ downstream)

x {in) =
y (in) = =
z lin) =
- i
' {
H5= 10915 6V . . i
Ff"‘ffc-"f"' 1
EVD-EVCS }



Izotherm
V4
s 2 FTZL 2
Z5 L2220
40 2Ly
25 LPEZLF

PHASE CHANGE TEST

715 25

Fi6. 118

e gy e

CONFIG, 4¢4-4

LENGTH (&) = .. ¢38

SCALE .00593%.

FACILITY crefunT

TEST «H42A CRPA)
RUN 4102
Mg= 8

Piotal (psi ) = 160

Tiotal (°F) = 735

Taw/Ttotal I %

| Ry per foot = | v 16®

Tphasa changa (°F) = 150

L= 25
B= o
= o

Camera Coordinatas (from
model center, x-axiz
paraliel w/ stream,

+ downstream)
x {in} =
y {in) =

z {in) =

H5:=,03%02 81
Fresep.ve

U7



40

e

NASA Langley (Feb. T9T1

.'/

lsotharm h/hrﬂi. 25
g L 20374
iy 4877
5 SITES

40 OF s
7y WelAEY s
/C5 25624
F16. 119

PHASE CHANGE TEST

ioh

: !o'ilA

19

CONFIG. 46-4

LENGTH (##) = .438

SCALE . OO593

FACILITY Lra/uDT

TEST oH4zA Cren)

RUN 4104

M= 8

Pigtal {psi ) = 13%0

Ttotal (°F) = 910

Téw/Ttota] =, 70

Ry per foot = ¢ =z 10

L

Tphase change (°F) = 300

L= 25

B= o

¢= o

Camera Coordingtes {from
model center, x-txis
paraliel w/ stream,

+ downstream)
x (in) =
y (in) =

z {in) =

H5= ,r090¢3 BIV
Eri.sec-or

HVD.EVCS



PHASE CHANGE TEST

CONFIG, 4& - 4

LENGTH (&) = ,&238

SCALE 00593

FACILITY vLec/unT

TEST 0oOH424 (®en)

RUN 4f05

Moo= 2

Piotal (psi } = 1940

Tiotal (°F) = 970

Taw/Ttotal = v 70

| Ry per foot = g ¢ i0*

isotherm

h/h

r=1!

7 221434
/5 SEI2L8
Z5 SL7LT72
[N>) L2853
i NoiEi12n

$ASA Langley tFeb. 1871

Fie. 120

Tohase change ('F) = 250

L= 35
B= o
$= o

Camera Coordinates (from
mode! center, X-axig
parallel w/ stream,

+ downstream)
x (in) =
y (in} =

z {in) =

HBs 224 BIY

rosee- o=

HVD-EV0'S



' ¢o

PHASE CHANGE TEST

120
120

% 3o 45 . GD.‘

fsotharm [ h/h

r=1!

/5 ZETEET
30 /02028
45 fPTEZS
£ e J 2573
LEC O TICf 3

LA Lansley (Ful; 1071

Fl16.

121

CONFIG, 4é&-1|

LENGTH (f) = ,438

SCALE .ocos59%

FACILITY LRc/uoT

TEET 0OH42B CePR)
RUN  4/30
My= 8

Piotal (psi ) = 1390

 Tiotal 'F) = 920

Te.w/Ttotal . q 0

Rpy per foot = & » 16°

;Tphase change (°F) =400
Cm 35

B= ©

= o

Camera Coordinatez (from
model centsr, x-axis
parallel w/ stream,

+ downstream)
x (in} =
y lin) =

z {in} =

Y5z .ro5577 80
Frisee o

HVD-EVCS

et e e £ i AR e . TRy ey e



PHASE CHANGE TEST

CONFIG, 4i-4A

LENGTH () = ,é38

SCALE- 00593

FACILITY tRcfuot

TEST CH42B CReA}

"RUN 413

M = &

0

Piotal (psi ) = &25

Tiotal (°F) = g0

Taw/Ttotal = .90

Ry per foot = 3 10"

lzotherm

h/h

r=1f

IO LROLFAD
37 S EEEE
45" Lt 3782%
75 A58 Z
1E5 LOB2734

NASA Langiey {(Feb., 1871)

16, 122

Tph&se changa {(°F} = 300

o= 35

A= o

= o

Camera Coordinates {from
model center, x-axis
parailel w/ stream,

+ downstream)
x {in) =
y {in) =

z (in) =

#35= g
<17 sec-er

HVD-EVCS

e gt e




o %

PHASE CHAWGE TEST

CONFIG., 4b- 2

LENGTH () = ,638

SCALE .o00593

FACILITY cwee/unT

TEST OH42B

RUN 4/32

Mpa= @

Piotal (psi ) = 1350

Tiotal (°F) = o2¢

TawatoLal = .90

Ry per foot = &¥ !O‘

Tphase cha.;':ge (°F) = geo

V25
Isotherm [ h/h__qy
5L 0.2 Manf
0 s 105325
25 oo 1745463

£LSA Langley 1Feh, 18711

Fig. 123

el = 35

B= o

#= 0

Camera Coordinatss {from
maodel centar, x-axis
parallel w/ stream,

+ downstream)
x lin) =

y {in) =

z {in) =

- arv
5z Wil FEs Fr#-sfe_aﬁ'

HVD-EVCS



L

L L AL

PHASE CHANGE TEST

LRSS A PSS

Y
P

[sotherm | h/ hq
1o 8. 2cRESD
18 Q. 155697
2 0,1247 3%
S c.c93h 82
20 O 09198
e

Cc.cbayrp2s

34 L ergiey (Fap, 1971}

Flg. 12y

CONFIG, Ab-4A .

LENGTH () = 438

SCALE . 00593

FACILITY ¢ RC/U DT

TEST oH4rs (Ren)
RUN 4133
Mp= &

'Piota (psi } = &35

T_total (OF) = 830

Taw/Ttotal = o0

RN per foot = 2 lo"

Tphasa change (*F) = 250
o= 25°

B= o

$= o

Camera Coordinates (from
modal center, x-axis
parallel w/ stream,

+ downstream}

x (in} =
y (in) =
z {in) =
Wy L o ‘ o
HS r .0 730835 %}-’;- S P
ARRR

HVD-EVCS



PHASE CHANGE TEST CONFIG. 4b-2

LENGTH (&) = ,¢£38

o we o '| SCALE .00593
- FACILITY ¢Re/upT

TEST OH42B Ceen)
RUN 4|34
M,= 8

Piotal {pst ) =62

Tiotay (°F) = 875

Taw/ Tigtal = 0-90

T
Ry per foot = 3 210

Tohase change (°F) =

o= z5°

B= o
=0 ;
1
Camera Coordinates (from [
modet center, x-axis :['
. _ : e : , ‘ ' parallel w/ stream, 5
Isotharm h/hrwl' ' . SR R o . o S : + downstream) I
4 0. 2613510 ' ' x (in} =
19 0. 1815563
Gio o491 82 . . . ST L REUR RIS . L . o K ' o v (in) -
L cL 120370 S T e e : U T R
[ c.cYEest ‘ T R I T . IEREEIEE . . -
122 AT R Lo T T e T z (in)
Crerne e 4
B - ~ HS:z d.07 31502 %‘gu__sn,__ e
. TH
FIg. 128 -

| A ' ‘ e HVD-EVCS
MNALA Luvgloy (Feo, 1974 o ) . o o - . , . L N o




1al

PHASE CHANGE TEST

‘CONFIG, 44~ 2

LENGTH (&) = ,&38

S5CALE L0593

FACILITY wurcjupT

TEST OH42B  (RreA)

RUN 4135

Mo= 8

Piotal (psi ) = 154

Tiota) (°F) = 7¢5

TEW/TtOl&i = 0.90

RN par foot = ! £ ‘DG

Tphas@ change (°F) = 175

Isothorm h/h g
b Yol
22 D. 1596 Rk
32 . 1324909
Al 0.110%33
4 0.6 9346241\
on 0.t ¥ ey
e 3! O L4 29

{ASA Longley (Feb. 1971}

FIE 126

- o . : L B o

K= 25
B= 4
¢ = O

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstraam)
x {in) =
y (in) =

z (in} =

8/ P nnjes 7o X

WS 8.0397924 BTU L5ec. *F
F1v

RYD-EVCS'



PHASE CHANGE TEST

conrig, 4l-2

LENGTH (&) = ,638

SCALE ,00593

FACILITY LRc/upT

TEST ©H428 (RPA)
RUN 436
Mg= 8 |

Ptot&l (psi } = f355,

Tiotal (°F) = 890

Taw/ Ttotal = o. 90

Ry per foot = ¢ xia®

Tphase changa (°F) =450

Ty Lengiay IFeh, 19210

- < ~ ) h] k) Al
Isothorm | h/ Byt (ol
1% 0.26L312
45 o, 2C3623
j 74 CLpFECC S
lCh ¢c.i59452
14 O. 153385
F1é. 127

ﬂCalBS‘

B= o

$= o

Camere Coordinatas (from
model centar, x-axis
parallel w/ stream,

+ downstream)
x (in} =
_y {in} =

z (in) =

SEZhrey Ve &
HS™ 0403513 BT _ ... -7
FT™

HVD-EVCS




PHASE CHANGE TEST

Isotharm

h/hrﬂl' '
i} 0, 229045
10 O JLIEes
32 €.13429n
(A% C.e935u 04
S5 0, ¢ 7783193
1% .ol 3499

Fi6. 128

MARA | anntey {Euh 1G70Y

CONFIG, 4&-2

LENGTH (#t) = .638

SCALE , 00593

FACILITY uRcfunT

TEST o0oH42 (rea)
RUN 437
M= 8

Piotal (psi ) = 50

Tiotal (°F) = 926

Taw/ Tiota) = 0.9

Ry per foot = 4 y 1€

Tphase change (°F} = 300

L= 29

B= o

$=p

Camera Coordinates {from
model cenier, x-axis
paralle! w/ stream,
+ downstream)

%x (in} =
v (in) =

2 (in) =

Piroroe - 9 1% S Teenl S

HS: 0.08386 5;1'?“‘ -sEc- °F

M

HVD-EV(S

b ——

o ———— N




PHASE' CHANGE TEST

Iocthorm h/h!"ln
14 D, 26R524
z1 o.17628%
is Gyl kb
53 o e 12
& ? 0. e753197
] Q.LPI2T4LG

TN rretew Reh 1YY

Fig. 129

CONEIG., 46-4A

LENGTH (R) = 438

SCALE .00592

FACILITY wRc/upT

TEST OoH42B

RUN 4 4o

M= &

Piotat (psi } = (615

Teotat (°F) = 930

Taw’ Ttotal = 0.90

Ry per foot = 7,“05

-Tphase change (*F) =350
€= 3o

B= o

$= o

Camoera Coordirates (from
model center, x-axis
parallsl! w/ stesam,

+ downstream)

% (in) =
VY {in} =
z (in} =
(t‘ -3 Feaw s .
MS e 0412715 BIY _xac.*F

Fir

RVD-EVC3

R

B



PHASE CHANGE TEST

Wl

Isotherm h/hrﬂl'
7 O, 2ERE N

40 O.151977

o a. 11439
15 e 0. ¢ 945¢ 25

1AJA Longiry (Tah, 19711

FIE. 130

AR e e e e e b R R TN E - n 31 e e sy s i, gy e

CONFIG, 4L-2

A Bl

LENGTH (f) = .638

SCALE .00593

FACILITY tRc/UDT

TEST op4B (erR)

RUN g4

M= 8

Piotal {psi ) = ¢35

Ttota] (O'F) = B?g

Tow! Tistal = o. S0

Ry per foot = 3 % T

Tphase change (°F} =300

Of 30

. B= o

$= 0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream).
x lin) =
y {in) =

z (in) =

Rir € on Trnace G

PRI
HS: 0. 0721502, B34 -3gc. °F
er*

_HVD-EVCS



» 7 \ﬁ :

Isotherm

h/h

r=1!
té O. 1 0899
33 Q. 114999
S 0.695729
9 0 oTES 08
1c3 0, 44735769
119 C.o6adls 3

TAGA Lesgloy (Feb 18T

Fl6. 131

PHASE CHANGE TEST

N

(9

w3

&

5}

CONFIG, 4 -4A

ik

LENGTH (g) = .£38

SCALE L 003593

FACILITY LRejfveT

TEST o©H42B (®PR)

RUN #/?L

Mo= 8§

Piotal {psi } = lLize

Tiota ("F) = 925

Taw/Ttoml " o.90

Ry per foot = 5 ¢ 10°

Tphasa changa (°F) = 306

s

= 30

Bg= ¢

$=0

Camera Coordinates {from
model center, x-axis
parailel w/ stream,

+ downstream)
x (in) =
y {in} =

z (in} =

W1 G g, Eeama

Ay VT,
I's = 3
HE 2 0.0951807 BIY _spc."F
[ R
HYD-EVCS

[



PHASE CHANGE TEST

//////_///

///f//////////_//(
s

L

Z

Isotherm

h/h

r=1!
1] 0.2 58918
3\ o, i54223
4o 0426613
F1 O.CFectI8

KASA Lengley (Fab, 1871)

FI6, 132

CONFIG, 46-2

LENGTH () = .638

SCALE o593

FACILITY vLRe/ud1

TEST oh428 (Rea)
RUN 443
Mp= 8

ptotal {psi } = 1390

Tiotal (°F) = o5

Taw’ Tiotal ® 0.90

RN per foot = ¢y ,9%

Tphasa change (°F} = 250

o 30
B= o©
=0

Camere Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =

“y {in) =

z {in} =

Her ‘*‘_ ort T sl - 4

HS* D o569 BIU. SEc-F
F1v

-

HVD.EVCS



Isotharm

h/h

=il

Ic 0. 136936
42 O. 11561 3

83 S oMLY

f3z o L5243

EA Langiay (Fob. 1971

FIg- 133

PHASE CHANGE TEST

10

CONFIG. 44-4R

LENGTH () = .&38

SCALE ,005 93

FACILITY tac/voT

TEST oH4d Ceen

RUN ¢, 44

Mg= 8

Piotal (psi ) = 164

Tiotal (°F) = 760

Taw/Ttotal = 6906

RN per foot = | xio*

Tphése change (°F) = 17§
o= 1o

B= o

= o

Camera Cocordinatas (from
model coentar, x-axis
parallel w/ stream,

+ downstream}
x {in) =
y {in) =

z (in) =

Al

e
[

D
H5:0.03 99106 S1¥ _ sec-*p
1

HVD-EVCS



PHASE CHANGE TEST

Isotharm

h/h

=it

e 2935355

33 O.18ices
Bl £, 113257

WASA Lengley (Feb 19711

IITIIIII 772

CONFIG. 4 (-2

LENGTH (#) « .638

SCALE .00593

FAC!LITY LR C/UDT

TEST oH4:2B (rea)

RUN Yiys

M_= B

Pyota; (psi ) = V&S

Tiota] (°F) = S5

TaW/Ttotal = 0,90

Ry per foot = riot

Tphase change ("F} = 4o0°

K = 30

8= o

G

Camera Coordinates (from
meoedel center, x-axis
pareailel w/ stream,

+ downstream)
x (in) =
y {in) =

z {in) =

Tepeay - S f’-}-.m‘_ C,,
HS= 012584 %B"SEC-'F
‘{I

HVD-EVCS

i wrn  m y  Pyr trbm



h/h

fsoihar'm L
33 a. 143689
50 o. 15,7233
105 e oPcs5S 3

50 Lenglay {Feb. 1971

PHASE CHANGE TEST

s

CONFIG, 4L-4A

LENGTH () = 628

SCALE . .005%93

FACILITY LRf-/u pT

TEST O©OH42B CRPAJ

RUN 4146

My,= B8

Piotal {psi } = 380

Tigtat (°F) = 935

Tawatotal ® 56.90

Ry per foot = ¢ ¥ 10°

Tphase changs (F) = 350
«= 3o .

- o

¢=- o

Camera Coordinates (from
model center, x-axis
parallel w/ straam,

+ downstream)

x {in} =
y (in) =
z (in) = e
b D, ¢ an T e \_

HSep.109898 BIY ger _+p
L

"

.~
i o
'

HVD-EVCS

S T e e




Isotherm | h/ Biq
27 0,358
el Qa. 1873y
128 D.0EC?9E

YASA Langiey [Feb. 1971)

FI6. 136

PHASE CHANGE TEST |

17%

CONFIG, 46-2

LENGTH () = .638

SCALE .00593

FACILITY trc/voT

TEST OH42 B (rPR)
RUN 447
M_= §8

Piotal (psi ) = @15

Tiotal (°F) = 90

Taw/Ttotal = o0.90

Ry per foot 2 0"

Tphase change (*F} = 200

€= 30
A= o
- 5

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

x lin) =
y lin} =
z (in) =
Repewer. @ o Trayeg /;
H3 = 00222807 BIY e _op
F1:
Lo

}\. . .:j

HVD-EVCS



Isotherm h/hrwl,
19 ©.,14793H
A€ O,CF 27402
[ O.ckgzce?
132 O.c559171
—
e

4

TELrngey (e, 1971

F18. 137

CONFIG, 46-2

‘
N gy I

LENGTH (&) = .438

SCALE . .00593

FACILITY tRrefupT

TEST OH4LB CreA}

RUN HI48

My= 8

Pyotat (psi } = 15

Tiotat (F1 = 810

Taw'Tictal = 0.90

. RN per foot = | x 10

6

1 Tphase change {°F) = 175
p= o

$¢= o

Camara Coordinates (from
medal conter, x-axis
parallel w/ stream,

+ downstream)
x {in) =

y {in} =

z {in) =

P e R Y G
H3» aodoo 8oy BTU _o. . =
1Y fe-"F

e

HVD-EVCS




Isotherm h/h:m:l'
15 0. 151672
&l NI RET]
123 O 113192

ASA Lanaley (Feh_ 18711

PHASE CHANGE TEST

CONFIG, 4{-4ABF

LENGTH (R) = .38

SCALE . 00593

Fi6. 138

FACILITY urc/uoT

TEST OH42B CRPA)

RUN qISO
Ma= g

Piotal (psi } = &35

Tiotal (°F} = 900

Taw/ Ttotal " 090

RN par foot = 23, ,p%

Tohase changé {°F) = 350
e 10

B= o

¢ = o

Cameara Coordinatas (from
modea! center, x-axis
parallel w/ stream,

+ downstream!}

x {in) =
y {in) =
z {in} =
LA i e
’ kY & -
Pl
HS* 6.0713298%9 Bty _ -
e MC~-"F
HVD.EUCR]



PHASE CHANGE TEST

1o

e
S

1o

Isotherm h/hrﬂl'
7 0. 328414

39 O IBINOL

74 .13 S

He o103

Fle. 139

A Langiey [Feb. 1971)

CONFIG. 4, -ABF.

A

LENGTH (f) = _¢38

SCALE ,Lpes593

FACILITY tRefupt

TEST od4:p (rPa}
RUN 4/52
My,= 8

Piatal (psi ) = 1405

Tiotat (°F} = 900

T /T

aw’ ‘total = 0. %0

RN per foot = & ¥ ’D"

Tphase change (°F) =900

KL m 20

B= o

$= 0

Camera Coordinates {from
' model center, x-axis
paralle] w/ stream,
+ downstream)

x {in} =
y (in) =
.z {in) =
Fore o ey Y A
HSs 0,105 513 B _a
- sec-op
"|
) e
HYD-EV(S



PHASE CHANGE TEST

CONFIC, 4b-I

LENGTH (f) = ,¢38

SCALE .ocs93

FACILITY  (Rc/upt

TEST oH4LR (kea)

RUN #!53

Mﬁ - 8

Piotal (psi ) = (40

Ttolal (oF’ “ ?Zo

Ta»\/Ttotal T b.90

Ry per foot = 3 x |p°

Tphase change ('F} = 200

leotherm

h/a

r=j!
14 0. 1319433
4% O.1L3LH
129 D.cuds4938

Fie. (40

Langiny (Feb. 19741

L= 30
B= o \
= o

g

Camera Coordinates {from
mode! center, x-axis
parallel w/ stream,

+ downatream)

x (in) =
v (in) =
'z (in) =
Freru. 4 o) Tevrag (:
H3* o 0736592 B8T¢ _sec.=g
(=8 A .

PP L

N o ey <t



Isotharm h/br_:'
i3 0, 141150
47 ©.117E78
Fo S FEquY
159 UL oLYy 2L

MABA Lengioy (Fots, 1971}

Fié. 141

PHASE CHANGE TEST

159

CONFIG,: 4(-AABF

' ]
LENGTH (&) = ,¢38
SCALE L 00593

' FACILITY LRc/uoT

TEST ©H428B  (ReA}

R.UN 4;54

Ma= 8

Piotat (psi ) = 160
Tiotay (°F) = 795
T, /T

aw’ total "~ 0.90

Ry per foot = .| x 1o°

Tphasa change (°F) = 200
L= 20 -

A= o

f- o

Camera Coordinates (from

model

centor, x-axis

paralisl w/ stream,
+ downstream)

x {in) =
y (in) =

z {in) =

-

;#’ . r-_'; ..

i

HS+ 0.03954

C;: o T‘-’,f_1.:_’

("L} AR N

-
S

¢ B3N _spcovp
1L

BEVD-EVCS



PHASE CHANGE TEST . IREE CONFIG. A 4RBF

LENGTH (#) = 28

SCALE .00593

FACILITY tRec/udT

TEST HHA2 B { fen)

RUN [1!/55

M= 2

Ptotal (psi ) = ¢30

Ttotal (°F) = QLD

Taw/Ttotal = 0.90

Ryy per foot = 3 Y

T (*F) = 400

phasa change

= 3o

B= o

= o

Camera Coordinetes (from
model contar, x-axs
paraile! w/ stream,

Isotharm i h/h__ . + downstream)
& [N YANTEY . i .
Y YT 2% bl o x (in) =
o PRET ST . i .
ke O, 15¢493 Y (ln) bl
- R o z (in) =
' o : e _ : L - Toes 4ol Thewr
C . _‘ S ' . . . HS+0.073362 _%"_:‘.-5;;-‘;:
FIG, 142 o - o



TUSA Langley (F 1T

B T

| PHASE CHANGE TEST R LT _I EA CONFIG. 4b-4ABF

LENGTH (/) = .638

SCALE .co553

FACILITY LRc/uDT

TEST oH4zE ( 2eRY

RUN 4156

Mg = 5

Pistal (psi ) = 1385

Tiotal (°F) = 95

Taw/Ttotal = 0.90

Ry per foot = ¢ x 6%

:" o7 o o o . 1 Tphasa change (°F) = 450

Lo K1)

B= o

$- o

Camera Coordinates {from

. S . . o model center, x-axig

OB - < e e o a - - parallel w/ stream,
e : = ' ST o + downstream)

Isotherm h/h —

17 O, 3LI1928
59 0..99177 ' \7
11 o.rBILEL L
1ot O-14 3% 94 i o . . : et e

s9 | ) o o e x (in) =

y lin) =

z {in) =

R T ¢ e T G

HS» 0109 761 BIU  c.r op
. 1 :

UL S S gy

pu—

" K¥YD-EV(CS




PHASE CHANGE TEST S CONFIG, 46~

LENGTH (&) = ,¢28

SCALE .oco0593

- FACILITY vwre/fueT

TEST . oHa2zR CRea)

B RUN g)60y

\ T VT

-~ | Pyoar (poi } = 143
-\\__ | T (°F) = 780
A S ' R A o Taw/Tiotal = 0.90
A - . Ry per foot = | 4 56
T
Tohase change (°F) = 175
€= 3
B~ o
$= o
Cemara Coordinates {from
medel centar, x-axio
o , N ce , o ‘ . paralle! w/ stream,
laotharm h/hr"l',. ‘ N TN A IR P, + downgtream)
— rarrrervam BN IS T e iy
4 8.c9%qL82 SN C R ) x lin) =
V34 0.c61€)92 ‘ : - oo L v lin} =
2z {in) =
. By . T . . Toyar .- k‘.c,.,_ CoL n
ey e
B . & . 'H::d.osvﬂss%'-sac-w
" mvp-mves

BA Langloy (Fen, 1971)



L

LENGTH (#) = .428

SCALE L, 00593

FACILITY . Re /upT

TEST o#H42B (res)

RUN iy 159

Mg = &

Piotal (psi ) = Lzo |

Tiotaj (°F) = 9s0

Taw/Ttotal = 0.90

Ry per foot = Ix10-

77 //‘,‘r’ e yasd ;Tph&sa change {*F) = 300
4 - €= 30
B=
¢ - o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

=<
Isotherm{ h/ Byt + downstrsam)

23 o.:jafaoz IR x {in) =

1= O, 100613 ]

"5 ©. Cfni1Lls “5 y (in) =
.z {in} =

| . Frecuw, o {'_ I (‘*\
o - ‘ - o ) ' ' HE® 0.0726060 %—:{-SK-'F
Fleo 'qs- : ‘ ’ ' ’ - i3 il

MATA Loangley (Fep, 1971)



*. PHASE CHANGE TEST

N

(VT4

Z

Isotherm h/hpnl, . 107
W0 5. 15010 AL o
18 0.577c063 D 3‘5
5 0. 052 B4 )
07 0. 095823

F6. 146

HASA Lunaley 1Fep, 19741

CONFIG, 46-)

LENGTH (#t) = .438

SCALE ,c0593

FACILITY wire/vpT

TEST o428 { rRPA)

© RUN L{/(’OO
Mg= &
Piotal (psi )} = leo

Ttotal (°F) = gos

T

Tawf total ©.90

Ry per foot = | x 16° °

Tphase changa (°F) = 156
L= 30
B= o
$= o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downsiream)

x. {in) =
y lin) =
z {in) =
Tinen TH Lt rey \"ﬂ?-"?‘-"{‘ é
HS5: G.0395039 BTY _ggc-=F
Fie
RN

HVD-EVCs



lsotherm hlhr-}_'__
iz O. 183880
47 g, eFzvedy
43 D.c5%¢t12

"G Langtey {(Feb. 1971

PHASE CHANGE TEST

FiG. 147

CONFIG, 4&-3

LENGTH (f) = .638

SCALE ,c0593

FACILITY vrefupt

TEST oH42 8  (RFA)

RUN 4

Mg= B

ptota! (psi } = les .

Tiotal (°F} = goo

Taw’ Tiotal = 0.0

Ry per foot = | x (¢

Tphase change (°F) =75

&= 30

B= o

¢=‘0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

" x (in) =

y {in) =

"z (in}

Piaeny e, { (‘_,h‘J oy ‘_('A =
HY = 5.04004% RTu
=TE]

-3 E€ - "F

BVD-EVCS

i e

i

.

g

g e



VASA Longiey (Fat, 1974)

PHASE CHANGE TEST

o

[, 77T T
»

[ootherm h/hrﬂlf
5 0,29594

1) 0.5vc124

49 215178

o5 O 1eI3
1605 ©.0H1L799

Fié. 146

CONFIG, 44(-!

LENGTH (&) = ,¢38

SCALE L0053

FACILITY tRc/voT

TEST OH4ZRB fﬁf’ﬂ)y

RUN 4[42 2

M,= 8

el

Pistal (psi ) = 1385

Tiotat (*F} = o5

Tawatotal = o990

RN par foot = ¢ ;4%

Tphasa change {(*F) = 350

e o 30
8= o
= o

Camera Coordinates (from
meodel center, x-axis
parallel w/ stream,

+ downstream}

x (in) =

y {in) =

z {in} =
\-E_.-(".. - e "___ - -._ /:

He=z 01069917 BT
Fra e CE

]l'.ll(:\)f‘;

BEVD-EVes -



Isotherm

h/h

r=1!
zl 0. ol1ed
57 0.y 25495
9% C.e9 LML

MASA Langloy (Fen, 19711

FI16. 149

. PHASE CHANGE TEST

CONFIG, 44-3

LENGTH (R} = _¢za

SCALE L o059

FACILITY wre/fupt

TEST oH42 R CRPA)

RUN 4143

M= 8

Ptota (psi } = 1385

Tiotal (°F) = 870

Taw/Ttota.! T o900

Ry per foot = & rio®
Tphase change (°F) = 350
La 2o ‘

B= o

$= o

Camera Coordinatas (from
tmodel center, x-axis
parallel w/ stream,

+ downstream)
x (in) =
y {in) =

z (in) =

LU

-
{ -

HS~ 0109562 Brv | con_ap ~
Fre

EVD-EVCS



b0

ho

PHASE CHANGE TEST

[zotherm

h/h

:\all
2% 0. 126540
e 0.0 7357y
lre 5. 639307

NASA Longiey {Feb, 1071}

Flé, 150

.
~ 20

O MW

CONFIG, 44-3

LENGTH (f) = .438

SCALE 00593

FACILITY t(Rc/uDT

TEST ©HA42B  Crep)

" RUN q;éz;

Mg= 8

Piotal (psi 1 = (325

Tiota) (°F) = 955

Taw/ Ttom ® 0.%0

RN per foot = 3 xro”

Tohaso change (°F) = 250
o= 3o

p= o

d~ o

Camera Coordinates (from
modal center, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y (in} =

z {in) =

- ) I R P
by ot e LS wet e

H5wiee? 398723 B4 . o0 op

FTa
T

HVD-EYCS



Isctherm h/hrg]..
21 0. 128146
Ll O.p9se120
e 0. 0Y 405V

TOTDA Langley (Feh 31071}

. PHASE CHANGE TEST

\g

Fl6. 15}

CONFIG, 4b-!

LENGTH (f) = ,638

SCALE . .00593

FACILITY cre/udT

TEST OH4A2ZB  C(rPa)

RUN 4.5

M= 8

Piotal {psi 1 = &40

Tiotal (°F} = 930

Taw’ Total = 0.90

Ry per foot = 3% Tod

Tphase change {(*F) = 250
o = 30 ‘
A= o

$= o

Camera Coordinates {from
model center, x-axis
parallel w/ stream,

+ downstpeam)

x (in)

y {in}

§

z {in)

c., . -
Vs oo

K32 0.0730175 BYY _crc-"F

E]

EVD-EVCS



PHASE CHANGE TEST CONFIG. 46-3

LENGTH (&) = 438

SCALE .OoDS593

FACILITY wgre/vDT

TEST o©h42% Cerp)

RUN Z.Hé(o

Me= 8

Piotal {psi ) = 1350

Tiotat (°F) = 950

Taw/Ttotal ¥ o.g0

RN per foot = ¢, wip®

— ; R =
__,}. Tphase change (°F) 400
= 3o
p- o
$- o
Camera Coordinates (from
model center, x-axiz
‘ _ ‘ parallel w/ stream,
lsotherm | h/h .y o : T + downstream)
£ €. 24 3c%5¢ ” ’ : . . ) .o
£ 5. 12 3ec g X {in) =
L16& 199
Ito Ot 'y {in} =
z lin) =
e - . If'f-..;._.: <
. . ”‘\.__' T ’ Co . : b ' . HS s 0. i8Y0LB 214 | mpe oop
. . , ) . ) . ) . . P B -‘_‘F-‘rl
Fle. 152 o . s

e T
i

- L el . ' LRr™ Terem
1ASA Lerqley (Feb. 19713 ’ "



Isotherm hjhrg1|
24 0. 295155
51 a.15703
105 AR IRy

T P T+ T

F16. 183

 PHASE CHANGE TEST

CONFIG, 4b-|

LENGTH (&) = .¢38

SCALE L0593

FACILITY irc/vpT

TEST oH42B (RPR)

RUN 2167

M_= 2

-]

Piotal (pst )} = le25

Tiotat (°F) = 885

Taw/Ttotal 7 0.90

Ry per foot = 7 % to®

;Tphasa change (*F) = 400
€= 20

B= o

$= o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

x {in) =
y (in} =
z (in) =
(} e . T, N T ‘:._-_’\
Hs=o.ai2bs4 BT _spe_cp
Fre
/;.’J‘\ s

HYD-EVCE




Isotherm

h/h

=1l
e &, 188 0
4% o149
ik O,cF81e8g

3 Longtey iFeb, 1971)

'PHASE CHANGE TEST

L. 154

T FI I T IV

CONFIG, 46&-3

LENGTH () = .c28

SCALE L, 00593

FACILITY wrc/voT

TEST OH4ZE (rea)

RUN 448

M= 8

Piotay {psi ) = 1930

Tiotay (°F) = "985

Taw/ Tiotal = 0.90

Ry per foot = B«x re®

Tphasa change {*F) = 400

OF - o
g= o
$= o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downastream)
x {in) =
v {in) =

z {in) =

Tove am C Ay . e G,
HS = 0122901 R%’..scr_-'p_-
=1

£

LA

RVD-EVCS

I e A T e e e e et



e B e ey

ST iamey ghemten

PHASE CHANGE TEST

CONFIG, 4&-!

LENGTH {#t) = .c38

SCALE .opes593

FACILITY LRe/upT

TEST OH42B  (RPA)

RUN 4,72

Ma= 8

FPiotal (psi.) = &S50

Tiotal. {°F) = 58¢

Taw/Ttotal &.90

h/h

Isotherm pmlt
15 0. 336 55¢€
45 0.1%74%
79 el 23T
123 ¢.oetd9ES

NATA Langtey (Fab, 1671}

Ry, por foot = 3 . 5@

T

phase change (°F) = 200

o= 35

ﬁﬂ &)

)5 LARANPY

£i6. 158

- o

Camera Coordinates {(from
model center, x-axis
paralle!l w/ stream,

+ downstream)
x (in) =
v lin) =

z {in) =

s 4 ey Upopon, (f

iz 6.073%841 BUY _qpc.=p
F12 .

i

HVD-EVCS




Isotherm h/hr‘&1|
B 0.19747
3 0. 13L9419
52 O 1Lk} f
E15 SEEARREE
73 A LOFATNY
e q O.CHIVLIS

IASA Langley (Feb. 1871}

PHASE CHANGE TEST

F16. 156

CONFIG, 4b-2

LENGTH (R) = (a5

SCALE L0893

FACILITY trc/uoT

TEST odazB {(ren}

RUN 4;7 3

M_= g

=

Piotat (psi } = j290

Ttuml {‘F) = 9'5‘

Taw/TLotal T 0.90

Ry per foot = ¢ xip*

Tphase change (°F) = 350

K= 25
&= o
- 5

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y (in)

z (in) =

M o el Ve E
HS» o6 569 BIV_ SEe-of
S
Tl

HYD-EVCS-



PHRSE CHANGE TEST

e N

CONFIG, 4fo-!

LENGTH () = .638

SCALE .po59%93

FACILITY tRe/vpT

TEST ©H42B  (&fR)

RUN 4174

Mu= 8

o

Piota) (psi } = 158

Tiotal (°F) = 78°

vosrarrarrorr ey

Taw’ Tiotal = 0.90

Ry per foot = | * to®

sstherm | h/h g,
8 o. 2395c8
28 Oe1285222
&4 ©.c733137
e O clodsed

Fi6. 1§7

T L segley (Feb, 1971}

}rphase changa (°F) = 175
o 35

p= o

$= o

Camera Coordinatas (from
model center, x-axis
parallel w/ stream,

+ downstroam)

% {in) =

~y (in) =

z lin) =

”;.'J “ Lol LR (.

Mg e a.0392488 BIT . src-*R
- F1*

R

"

y
1

HVD-EVCS



ASA Langlay 1Feb. 1971

4

Isotherm { h/h o4
I 0. LBaLRY
Tt o, 12179214
168 C.j0331 1L

- PHASE CHANGE TEST

CONFIG, 4é&-~!

LENGTH (#) = .638

SCALE  .oc0593

FACILITY LRrRe/upT

TEST  OH42B (/ra)

RUN 4/ 75

M= &8

Ptotal (pai |} = 1390

Ttot&l (°F} = o35

Taw/Ttotal " o.90

Ry per foot = & x 1o

e

FI6. 158

y 7l

Tph&se 'change (°F) = q00
o= 35

B= o

$= o

Camera Coordinates (from
model center, x-axiz
parallsl w/ stream,

+ downstream}
x (in) =
y (in) =

z (in) =

. ~ A

Htm @ on T vsmd (o

H3xo.u0¥163 B~ sec op
P.\f\f\,_

HVD-EVCS

S P

T e

T T



" PHASE CHANGE TEST -

CONFIG. ¥4~ )

LENGTH (R) = .638

SCALE , 00523

FACILITY tRc/upT

TEST oH428 cerp)

RUN 4'7(9

YML= 8

Ptotal {psi ) = ;380 |

Tiotal (F) = 915

Taw/Ttotal = 0.90

AT 070057

Ry per foot & % 10°

Tphase change (*F) = 350
o = 35
B= 0

h/h

Izotherm =it
21 . thlvEs
s¢ O. 116
fE c.eRepc]

F\8. 159

CUUGA Levyey tFeh 1970

t= o

Camara Coordinates {from
mode! canter, x-axis
parallel w/ stream,

+ downstream)
x (in) =
.y (in} =

z (in) =

e A e FaerE

HS ~ 008 W EIY | 5pc-*F
Fry

IR
Ve

-
4

BVD-EV(CS

P o e e e g e =



e itaade o one e o PR VR e

- wfaa_

LENGTH (f) = o3&

SCALE , 00593

FACILITY +Re/vpd

TEST o©H428 CRFAY)

RUN 4 ) 77

Mgy= 8

Ptotal (psi ) = 25

Tiotal (°F) = 940

TawthotaI = o0.90

Ry per foot = 2 x p“

I FIIITIITIT T T

7

Tph_asa change (*°F) = 400

€= 30

B= o

$= o

Camera Coordinatea (from
mode! center, x-axis
parallel w/ stream,

+ downstream)

Isotherm h/h

rw:ll
& D., 10032 in)
1c PYWYTRET] x (in) =
L o0, 1225359 (. ]
Py . L YR 5T y unl =
z (in) =

wime 4 ot Tornz 8-

Rig. 160 | ey
’ B Hix &,0729429 TV o gpp
- Fi*

TASA Langley (Fob. 13710 o L 0 . T - ' ‘ -EVES




h/h

[sotherm p=i)
0 O. £ 70837
A O.¥ve2718
et o- 3385p
loc O 2353¢3

~r fengley [Feh, 1871

PHASE CHANGE TEST

CONFIG, 4%-2

LENGTH (&) = ,&38

SCALE L0593

FACILITY wrRefuoT

TEST o©H42B {e?R)

RUN 4178

M_ = a8

o

Pbml (psi ) = &35

Ttotal (*F) = 925

Taw/Ttotal " 0.90

Ryy por foot = 3 » 1

(°F) = goo

Tphase changse
€= 3o )
B= o

$- o

Camara Coordinates (from
model center, x-axis
paralis! w/ stream,

+ downstream}
x {in) =
y {in) =

2 (in) =

] - R

Hi7 &L e R O
Pt

HEw 5.671248; BTV .tEc~-"F
Fy*

HYD-EVCS

e B T et g e

v e e ———



FHASE. CHANGE TEST CONFIG, 44-4AEBF

LENGTH (#t) = .38

SCALE , 00593

FACILITY LRc/vDT

Piotal {pst ) = j&q

| : TEST ocH42B CrPA)
RUN £])79
' ’ M= 8
- o ‘

Tiota] (°F) = 820

( Taw’ Ttotal 0.90

N ' ‘

- AN

EEJ : | L SR Ry per foot = | x 1o
Ty : o : o
/ N .

| ' ' . Tphasq change (*F) = 350

e 20
B= o
$= o
o Camera Coordinates (from
- . : ' o - _ modal center, x-axis
70 . EE . ' : parallel w/ stream,
Isotherm | h/h oy T L - o _ - downstre.am)
Te O, eo 196 | ‘ 0 .. T o . : x (in) =
59 o.3b=1la SR D e s e i e Da e - R -
1o o, 3 240y y {in) =
z lin) =
Bl 1o Vees .
’ ‘ : I . : . [
Flg. 162 o | - SR

CO M3+ O,0401178 27Y. 3vc-"F
' =B ST
S RVD-EVC3
mLaﬂqicv(Fm.'IBT!) ) ] . ) . . . : - 1 K_- | -

o ey e e s -



 PHASE CHANGE TEST

Isatherm | h/ Ry
1o O. TR40LE
lc o, i163199a
Sb o, 12181 G
flo SL1eet 2l

s D.cBelIdEL

“SASA Longtev 1Fen. 1571

Fi6. 163

25
20
\s0

30

T

VO

CONFIG, 4l-2Z

LENGTH (&) = .638

SCALE , 00593

FACILITY cRe/vOT

TEST ODOH42BR  (RPR)

RUN 4/80

My~ 8

Piotal (psi ) = 625

Ttotﬂ! {(°F) = 9o

Taw‘(Ttotal = 0.90

Ry per foot = 3 x i0*

(°F} = 300

;Tphase change
o= 30 r
A= o

P

Camera Coordinatas (from
model canter, x-axig
parallel w/ stream,

+ downstream)
x (in) =
y (in} =

z {in} =

w!

PSS+ 0.0728:73 BYY . sec-*F
F1e

HVD-EVCS



'

Isotharm

h/h

r=1'
v £. 30491y
4c 0. 1F5622
Lo o.1?Ea8s
?5 EEERETS:)

ASA Lengiey (Feb. 1871)

i

FTRITE

 PHASE CHANGE TEST

75.

2

CONFIG, 44-A4AEBRF

LENGTH (f) = .638

SCALE L0593

FACILITY tRc/fupT

TEST 0OH4L8 (fPA)

‘RUN 4} 8]

Me= &

Piotal {psi ] = 157

Tiotay {"F) = &0

Tawatota[ ® p90

Ry per foot = | % 10¢

Tphase change (*F) = 250

o = 20
B= o
£~ o

Camara Coordinates (from
model center, x~axis
parallel w/ stream,

+ downstream)
x {in) =

y (in) =

z {in) =

P =
Hse 0. 0393422 %’:-;e:‘“ﬁ
I". .--

HVD-EVCH



Isotharm h/hp,,l.
e o, 10993
75 o .1 3217L9
5C 0.9 3ekL0
5 0.0% 13400

S Langley iFed, 10719)

~ PHASE CHANGE TEST

FIG. 165

CONFIG, 4L-4REBF

LENGTH (&) = .438

SCALE .oc0593

FACILITY LRc/veT

TEST oH42 B (RreA)

RUN 1{182

M= 8

(=)

Piotal (psi } = 170

Tiota) (*F) = 780

Taw/Tiotal = 0.90

Ry per foot = 1 % los
-Tphase change (°F)} = 175
L= 30

A= o

$= o

Camera Coordinates {from
mode! center, x-axis
parallel w/ stream,

+ downstream)

x (in) =
y lin) =
z (in) =
Tonesy s ¥ oan (pen s §
Hs:o0.0409 84¢ g-:T"-sEc-‘F
AN
HVD-EVCS



R A v sl e AT e

\GA Langioy (Fep, 10711

Isotherm h/E{"‘ 1
e O, 281114
ie o.tL2948
b1 0. 126119
63 o.410%¢ ¢

Fi6. |66

PHASE CHANGE TEST

CONFIG, Ab-4AREBF

LENGTH () = .28

SCALE .o0593

FACILITY LRc/ud7

m7777777’7)’

TEST oH42R (ren)
RUN 4183

Mg= 8

Piotal (psi ) = 160

Tiowal (°F) = 7%0

Taw’ Tiotal = 0.90

Ry per foot = | x 16°
Tphase change ("F) =200
ofw 20

A= o

$ = o

Camere Coordinates {from
mods! center, x-axis
parallal w/ stream,

+ downstream)
x (in) =
y (in) =

‘g {in) =

Renpivey q s Tomr

.‘". ) E \

Yy
2

H3% 00395995 S 3ec-"R
&
! EVD-EVCS



<

Isotherm

h/h

perll
1% . M2BLE]
o ». T24%¥3L
2 0. 149126

- tF 129701

Fi6. 167

PHASE CHANGE TEST

(9

0"

CONFIG, 4&-4REBF
T 0§

LENCTH (f) = .638

SCALE L0593

FACILITY tRC/upT

TEST o©tH428  (epR)

RUN 4{84

Mg= @

o

Ttotal (°F} - 9“)

Taw/Ttotal = 0-90

Ry per foot = 2 » o

‘Tphase change (*F) = 356
e = To A

B= o

$= o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y {in} =

z (in) =

2 PN
Hig LA O S T

He=0.0713834 BT _ee- °p
) F1*

HVD-EV(CE



'SOtth h/h!""ﬂl'
& G 169516
¢ o 114187
14 o, 1e0il)

5c L.0%e95U

4] O 0 Fe T30 ¥

ASA Langrey (Fopy, 18711

FlE. 168

PHASE CHANGE TEST

CONFIG, 46-SGAEBF

LENGTH (&) = 28

SCALE . CO5932

FACILITY tre/voT

TEST O0OH4LB (RPAY

RUN 4/85'

Mo = &

Ptot&l (DSi } = GQO .

Tyotal (‘F) = 890

TawthotaI T 090

Ry per foot = 3 x T

-Tphase changs (°F} = 250
<= 20

B= o

$= o

Camera Coordinates {from
model center, x-axis
paraliel! w/ straam,

+ downstream)

x (in} =
y (in) =
z lin) =
L R S S R At S
' ‘;C‘
Hy = o.o?:‘;u}qga;‘_a¥-ssc-'F

HVD-EVCS




Isotharm

h/h

r=1!
i 0. 694%¢08
10 0.4 26693
wd o. 17939E

AT L erglay (Feb, 19710

Fl6. | 69

PHASE CHANGE TEST

CONFIG, 4l-4BF

LENGTH {(R) = .638

SCALE .po0S593

FACILITY &tRcfunT

TEST OHAZ B (#Pﬂ)

RUN [‘HB(Q

M, = 8

Piotal (psi ) = ©30

Tiotal (°F) = 890

Tow! Tiotal = 0.90

Ry per foot = 3 ¢ 10®

(*F) = 450

Tphase change

ot= 30

ﬁw (&}

= o

Camera Coordinates {from
mode! center, x-~-axis
parallel w/ stream,

+ downstream)
x (in) =
v {in} =

z {in) =

1 i - . il
P T S
D el

Hsro,0718728 BI¥.s5ec-"F
Fi*
IYD-EVES

T T g T




isotherm

h/h

r=1¢

& 0, 24389¢
I o, 15¢ 170
4 o, (1ofP5E

Ll o ¢ 797409

ASA Lengicy (Feb. 19711

Fié. 170

PHASE CHANGE TEST

CONFIG, 4l--4BF

LENGTH (R) = _(38

SCALE . 00533

FACILITY <Re/vbn

TEST OH42 B {reR)

RUN [_Hgg

M = 8

Ptotal (psi } = 475

Tiotay (°F) = 8%c

Taw/Ttotal ¥ o0.90

RN per foot = 3 ¥« 10®

Tph&se change (°F) = 250

o = A0
B- o
$- o

Camere Coordinatas (from
model centsr, x-axnis
parallel w/ stream,

+ downstream)
x (in) =
y {in) =

z (in) =

l- I3 - -~ =
B % s T B

HS=8.0720093 LY. o - oF

LT
':‘.‘v""

HVD-EVCa



PHASE CHANGE TEST T e e CONFIG. 46-4RF

LENGTH (&) = .4&38

SCALE LE0593

FACILITY «Rc/udY

TEST OH42R  (reR)

RUN 49

M= &

Pigtar (psi ) = &25

Tiotat (°F) = 885

1 V_Ta.w—/Ttotal =" 0.90 B

. RN per foot = 3 x 16°

;rphasa change (*F) = 550
e 30

A= o

$= o

Camera Coordinates (from
model center, x-axis

‘ - ?&’ R ‘ ) , o parallel w/ stream,
Isotharm hlhr"l' ] R : . A '7 ) S ‘ ’ N ) - . + downstream)
2% 5. 846332 ' ' - .
Py o. ¥ 58941 x (in} =
y (in} =
z {in} =
. . 1o T
A : ) HS = 6.0724L29 BT:I::-:.“--F
Fig. 17 < : | ' A

BVD-EVCS

T8 Largray (Feb 1977



4 PHASE CHANGE TEST : , o CONFIG, 46-~4BF
;_fj" LENGTH () = ,¢28

h SCALE .cos9:

; FACILITY LR</uDT
TEST  ©OH42B  (rPR)
] RUN 790 ‘

AN ..

= / \—"\ Ptotal (psi ) = 630

-/ .

o ’ ’ -? .TtDtBJ {°F) = 895

o | . r Taw/Tiotal = 0.90
4 ' | .o \__._'\ RN per foot = 3, ;p¢

. . . . . - e bl
id - .

y . S—T

phase changs (°F) = g0

o= 35

8= I3}

é -

Camera Coordinatea (from
maodal center, x-axis
paralisl w/ gtream,

| i
;i lsotherm | h/h g, ) + downstream)
e ¥ 6.7359312
i .
gt 40 ©. 4794499 x (in) =
I L £, 473 24L : , L L _ L .
! St e e e . . R s v {in} =
z (in) =
=;‘
. . P . . : ] ) (LR R ‘i Ot L33 L3N AN é,
’ R T . . . I » HS » 56,072593589 E‘rd_.s:‘_-‘_._.
- ' : o ' : : Frt
FIg. 172 L e

LASA L engley (Fet. 1071} HVD-EVCS

i



Isotherm { h/h,.y,
1 o, %ti471L

: 15 o.231831

. 73 ©v.140119

) 127 .19

{

i

4

LY

- (Fab. 1871}

PHASE CHANGE TEST

S FITTETTE

Fi1é. 173

n?

CONFIG. 4(-5

LENGTH () = .&38

SCALE . 00598

FACILITY ¢Re/udT

TEST oH4xB cRen)

RUN 419/

M, = 8

Ptot&l (psi } 7“?‘1’

Teotal (°F) = 8°°

Taw/Tt‘otal = 0.90

Ry per foot = | T

;Tphase change (°F) = 25©
o = ':‘,D.

A= o

$= . o

Camera Coordinates (from
model center, x-axis
parallal w/ stream,

+ downstream)

x (in) =

y {in) =

z lin} =

Wiy (i .f_;,"T_.\J‘_i: u
HS = 6.c900 68 I _sFc- OF
_\(,F'!'

! =‘|"’ -

HVD-EVCS




Isotherm | h/h __,,
ITA o, 21h 3eg
15 LR 8
20 G, o830
iz O, 6 w3838

AEA Langiey {Fet. 1971)

PHASE CHANGE TEST

F1e. 1y

CONFIG, 4&-5

LENGTH (R) = ,s2p

SCALE LDO593

FACILITY tRe/uDT

TEST OH428 (ReA)

RUN 4} 9 2

M,= &

Piotal {psi ) = 157

Tiotal (°F) = 795

Taw/Ttotal = o.90

Ry per foot = | x10°

Tphase change (°F} = 200
L = 30‘

8= o

$=- o

Camera Coordinatas (from
model centar, x-axis
parallel w/ stream,

+ downstream)

x (in) =
y {in) =
z (in} =
Yo o T -
Hs= 0.e392547 21 y4c.np
-
EVD-EVCS



|sotherm

h/h

r=1'
‘2 5.331929
35 0. 1617490
72 oo 1%u99)
124 o.1eQrs

WASA Lamgiey (Fen 187T)

PHASE CHANGE TEST

F16. 115

CONFIG., 46-5

LENGTH (ft) =  &38

SCALE ,o05%3

FACILITY ¢ Re. /uDT

TEST ORGlB (RPR)
RUN L”g 3
Mg*= o

Pita) (psi } = £25

Ttota[ (°F} = P10

Taw/Ttotal = 0,90

Ry per foot = 3 o ¢

' o = [
Tphase change (°F) 35
oL = Efe '

B = o

= o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =

v {in) =

z (in} =

- I .
1y - . T L T

MSs 0.87182%1 %_u_sg_ap
T

’

HVD-EVCS



PHASE CHANGE TEST

CONFIG., 4b-5

LENGTH (ft) = ,&32

SCALE .vos23

FACILITY LFRC/uDT

TEST QCHaLC (reA)

RUN 4275

Ma= 8

L-~1

Piotal (psi ) = &35

Ttotal (oF) = &'\95

Taw/TtotaI " o.90

Ry per foot = 3 » T

75
Isotherm | h/h__,
1 o. 12118
1u £.133936
E3) o.1t3749]
25 oL 3 1KY
1e2

PR R

HASA Langtey tFeb. 16871}

FI& 176

Tphase change (°F) = 275
&= 3
B= o
$- o

Camere Ceoordinates lfrom
model center, x-axis
parallel w/ stream,

+ downstream)
x {in) =
y {in) =

2z {in) =

FIRAME 5= &

wH o

Wi~ 0.07279¢6 BIv g5~ "f

FT myp-Eves

o B e ety oA b A S5 g = e




PHASE CHANGE TEST

e, L
13
22 42
gk ‘123

Isotherm | h/h ¢

1% O, 133t47

17 L PREANIY

47 AR BN

T PR R

2.3 R ERRFVE]

sy tFen 137N

E16. 111

CONFIG. 4b6-6

LENGTH (ft) = ,L 634

SCALE L0593

FACILITY LRc/vDT

TEST ori2d CROA )

RUN 274

M. = F

o

Piotat (psi } = €53

Tiotal (°F) = 900

Taw! Tiotal = 0. 90

Ry per foot = 2 vaet
Tphaée change (°F) = 3‘00
&L= Ao

A= o

$= o

Camera Coordinates (from
model center, x-axis
paralle! w/ stream,

+ downstream}
x (in} =

vy {in) =

z lin} =

Foame §= ¢
v 4D
Hs= 0.0738932 Bi¥-sec- *F
Fr+

HyD-ENCS




PHASE CHANGE TEST

CONFIC., 46L-5

LENGTH (&) = .28

SCALE Lo0s 92

FACILITY <«Re/UDT

TEST OH42¢  (RPA)

RUN 4275
Mg= 8
Piotal (psi ) = 1395

Tiota) (°F) = 920

Tow/Tiotal = ©.90

77> e

RN per foot = Zgw o°

17
34
(3
20

Isotherm | h/h, .4,
7 0. 166594
Iy 6. 8BS IC
[} O IR B
Fi o.t11E4

nnnnnn AF mty WX TN

£16. 178

Tphase change (°F) = qoe
L= =5

B= o

$- o

Camera Coordinates (from
model center, x-axis-
parallel w/ stream,

+ downstream)

x {in) =
vy (in) =
z {in) =
FRAME S =g
H3x 0,001y BYW o ep
wip T

U mrna



PHASE CHANGE TEST

CONFIG, 46-6

LENGTH (f) = .638

SCALE , 005923

FACILITY LR¢/uD7

TEST cpdzc (RPA)

RUN  $276

M, = B

m

Piotai (psi ) = G209

- Tiotal (*F} = 95¢

Taw/Ttotal " 50.90

e
Vs

RN per foot = 2 x |ob

42
B2
12%

Isotherm | h/h Y
o o, 2arhils
41 ¢ . 120e4
A1 DLLEES
(15 . 099539

Fi6.179

rrgew IFel

LAY

Tohase change (F) = 3%°
K= 320
B= ¢
$= o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream) ‘

x lin} =

n

y (in)

z {in}

g‘ = FemrE S

LA7r)
Hi: o,05723473 81y <e = °F
er WIo-EICS

T AR i i



PHASE CHANGE TEST

al-

2%
52
g2
Isotherm h/hr“‘l'
5" 6.251E )
It EYTES L T
74 [T L]
=1 [ AN
e c.cbivii
jes AT TR AT
]
Fle. 180

CONFIG, 46-5

LENGTH (ft) = ,638

SCALE . 00593

FACILITY (RrRe/vpT

TEST oH4Z L {RPA)

RUN £277

My= 8

-]

Piota] (psi ) = {395

Teotal (F} = 940

Taw/Tf.otal = 0. 90

Ry per foot = & x TN

Tphase change (°F) = 3¢ce

K= 30

B= o

$= 0

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)
x (in) =

y {in) =

z {in) =

Z z FRoME 5

{80
Hax0.40a%27 BRIV g g
Frt Yo-EVCS



.PHASE CHANGE TEST - ) ’ CONFIG. 4L-6

LENGTH (ft) = 438

SCALE Lo05%2

FACILITY +Rc/uo?

TEST GHA42C  ¢pen)

RUN 250

Me= 8

Piotal fpsi ) = [e®

Thotal (*F) = 785"

Tawthotal = 0,90

Ry per foot = I xi0°

Tph&se change (°F) = 200
o = zo
B= ¢

121t ‘ . : $- o

Camera Coordinates (from
model center, x-axis
parallal w/ stream,

Msy G 01916 8 QY -secF
Fis 50-ENCS

Isotherm | h/h .4 N A _ ' , ' + downstream)
I} 0. 22135509 . )
19 YT x (ln =
5k o.InN {i ) =
113 o.c1EvaTE Y \in
z {in) =
g{: FOARE &
Fig. 161 - LoD

se Mo IRTH

T T T T - o+



PHASE CHANGE TEST CONFIG.  4é-t

LENGTH (ft} = .638

SCALE .,00593

FAQILITY LtRcjuDT

TEST oHg2¢ (red)

RUN 473

M, = 8

o

Piota) (psi ) = 162

Tiotal ("F) = 786

Taw/TtotB.l T 090

. L Ry per foot = 1 ¥ o®
. / | / / -/M . -
— g ‘ o Tphase change {°F} = 250
7~ .
oL = 20
A= 0
$= 0

Camera Coordinates (from
model cernter, x-exis
parallel w/ stream,

+ downstream)

lsotherm | h/h

r=1!
FRES)
2 o.27 y x (in) =
1 o.1k33%°
. L2230 .
125 O, 127 y (II’I) =
z {in) =

| o . £ = FFRHE 6§
Fi6. 182, | o L | | /'t

Hs: o.0393)c3 glv-dec-"F
£Ts HVD-EVCS

MASA Lang'ey (Feb 1971}



\07

PHASE CHANGE TEST

CONFIG. 4i-0

LENGTH (ft) = .638

SCALE , 00593

FACQILITY ¢Rc/up?

TEST traic (eepd

RUN  £28¢

Mg = a3

ptqt&l (psi ) = j400

Ttotal {'F) = 92.0

Taw/Ttotal = 090

Ry per foot = & x ra®

h/h

Isotharm P!
5 o, 3iqto?
I o.249789
29 61534971
41 O, tley 5y
91 O.O0FI9EqE
b ] 0.9 N b

MASA Longiey (Feb, 1371}

FlG. 183

Tphase changse (*F) = 350
o = 2y
B= o
$- o

Cameara Coordinates {from
mode! center, x-axis
parallel w/ stream,

+ downstream)
x {in} =

y {in) =

z (in} =

¢ > FrupE 5
WHD

His 084S wl BT _1,.,."F
Fre HYD-EVCE

R,



PHASE CHANGE TEST CONFIG, 46-5

LENGTH {#t) = ,638

SCALE , 20593

FACILITY Lec/upT

TEST oH42c  (rPA)

RUN 429

M= 8

(-]

Tiotal (°F) = 230

) TawTiotal = o, S0

. - Ry per foot = ] x 0®
'. T (°F) = 25°
‘ - ) phase change

: = 35

E= o

$=- o

Camera Coordinates (from
model center, x-axis
parallel w/ stream,

+ downstream)

Isctherm hl"hr,1 )
Lo o, ekl
DL S.pLste] _ ‘
127 0.191€9L . ' R

x {in) =

y {in) =

z {in} =

~ - ¢ @ mmes

F'g' fs‘f - . HS = o.cdgbyds SLY.3E¢-"p

FTa

HVD-EVCS

NABA Largley (Feb. 1371) .
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PHASE CHANGE TEST

CONFIG. 4b-6

LENGTH (#) = 638

SCALE L0059

FACILITY cRe/udT

TEST o4l (pep)

RUN 4707

Mg = 2

Ptotﬂl (psi ) = Jsz

Trotal (°F) = 7eQ

= o =

77
) 26
Isotherm h/hr,,l.
4 o, 261 Vel
77 G.1641)
f2¢. 0132902

Fi6. 135

Taw/Tiotal © .90

Ry per foot = P xeg®
Tphase change (°F) = 250
<= 25

p= ©

P = o

Camera Coordinates (from
maodel center, x-axis
parallal w/ stream,

+ downstream)
x {in} =

y {in) =

z “n) =

@ FramE 5~
LWHD

Mo .o £9%37 B gpe - TF
T HYD-EVES




PHASE CHANGE TEST

L

4

Isothe rm

h/h

rnal'
70 5. 194515
Ho 0.2 eEs 1)
i1 C.r5%41$
EA] 0. 134563
418 L2483

1ASA Langiey (Fea. 1971

Fl6. 186

CONFIG. 45

LENGTH (R) = 43¢

SCALE . . 0059

TEST opR42¢  (&ra)

" RUN 42%%

Me= &

pﬁotal (Pﬂi ) = &L25

Teotat (°F) = 875

TowTiotal = 0.90

RNPBP fODt:= 2 \"io‘ﬂ

w—

Tphase Ch&nge (DF} = 10
o= 33
13 = 5} .

£= o

Camera Coordinates {({rom
model center, x-axis
parzllet w/ stream,

+ downstream])
% (in) =
y (in) =

z (il".l) I

Q(@me-"fffs' L

A -
Hs = 0.a?ll10) 3_‘_.__‘:-”(_..,:

aWHD
HYD-EVCS





