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FOREWORD

: ( This is a 12-month program being conducted for NASA-MSFC. The NASA-MSFC
: * Program Monitor is Dale Blount. The major efforts of this program are
being conducted by the Rocketdyne Engineering Aerothermal, and Materials
Departments. Testing is being conducted at the Rockwell North American
Aviation Operations (NAAO) Aerothermal Laboratory. The responsible
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c} Engineers in these areas are:

v

; Ron Morinishi Heat Transfer, Testing, Data Analysis
Dennis Lim Task I Thrust Chamber Thermal Analysis
J ‘5 Frank Wimmer Materials & Processes

' Bob Scherer Test (NAAO)

The Project Engineer is Ron Cook, Advanced Programs, and the Program
Manager is Frank Kirby.
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INTRODUCTION

This program is a 12-month experimental investigation to determine the coking
thresholds and cooling capability (convective correlations) of methane.
Economical exploitation of space in the future will require reusable, high-
performance, liquid rocket booster engines. The high propellant bulk density
and relatively high-performance LOX/hydrocarbon 1liquid engines look extremely
attractive. LOX/methane is of particular interest because it has a higher
chamber pressure cooling limit, higher specific impulse, higher coolant
coking temperature, cleaner exhaust products, and lower potential for

carbon deposition at low mixture ratio preburner operation than other hydro-

carbon fuels.

Future high chamber pressure LOX/hydrocarbon booster engines will require
copper-base alloy main combustion chamber coolant channels similar to the
SSME to provide adequate cooling and reusable engine life. Therefore, it
is of vital importance to evaluate the heat transfer characteristics and

coking thresholds for LNG (94% methane) cooling, with a copper-base alloy
material adjacent to the fuel coolant.

High-pressure methane cooling and coking characteristics have recently been
evaluated at Rocketdyne using stainless-steel heated tubes at methane bulk
temperatures and coolant wall temperatures typical of advanced engine opera-
tion except at lower heat fluxes as limited by the tube material. As expected,
there was no coking observed. However, coking evaluations need be conducted
with a copper-base surface exposed to the methane coolant at higher heat

fluxes approaching those of future high chamber pressure engines.

This program consists of five working tasks and a reporting task.
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TASR 1: Test Matrix Definition consists of (1) design and analysis of a 600K
*M
LDXIC34 Main Combustion Chamber (MCC) at 3000 psia chamber pressure and (2)

definition of the test matrix to cover the ranges of methane toolant conditions
descridbed in the MCC design analysis. The MCC design will utilize a high
strength copper base channel configuration coolant liner, typical of the Space
Shuttle Main Engine (SSME). The test matrix will provide for definition of
coking thresholds and convective cooling heat transfer correlations.

TASE 2: Design and Procurement of Test Sections consist of designing electric-

ally heated tubular test specimens and procuring associated test specimen hard-
vare. The test specimens will utilize a bimetallic tube assembly to allow
testing at a heat flux of S0 Btu/inz-aec and 5000 psia CH, coolant pressure,
vhich 1s typical of a 3000 psia chamber pressure MCC throat‘region coolant

wall heat flux., The inner tube material will be copper to simulate any
phenomena associated with the MCC liner material and surface conditions.

<oking

TASK 3: Preparation of Detail Test Plan consists
completely describes the test instrumentation,

of preparing a document that

data acquisition, data correlation
approach, heated tube specimen configuration control, and test procedures. The

detailed test pPlan will include test section drawings,

tube specimen operational
maps, facility schematics,

and data analysis Processing procedures.

TASK 4: Heated Tube Testing will be conducted at the Rockwell Nerth American
Aviation Operations (NAAO) thermodynamics laboratory. Testing will be conducted
to define the coking thresholds of methane at purities between 852 and 952

for LNG and near 1002 pure methane. Coolant convective heat transfer charac-
teristics will be evaluated at 8 purity between 942 and 100%.

IASK 5: Data Analysis and Correlstion will be perforned to define any coking

thresholds and define convective cooling correlstions for the complete range
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of operating conditions applicable for a high chamber pressure MCC design.
A number of convective heat transfer correlating formats will be satistic-
ally evaluated to obtain the best data-fit.

The program schedule, along with the work completed is shown in Table I.
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L SUMMARY OF WORK ACCOMPLISHED
o
élvn
\?'

g} During this reporting period, the following work was accomplished:

jg{ 1. The first 500 gallon shipment of 1iquid methane was recedved on

T 17 May 1984 as part of an 11,000 gallon load being carried from
e

Trussville, Alabama to Orange County.
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2. Tests were run using a seven i.c.. heated tube. The test facility
performed well; no test delays were encountered. The instrumentation
measurement accuracy was verified by the data reduction results.

The heat balance between the wattmeter electrical measurement and

the fluid enthalpy rise agreed within $5% for the majority of the
test points,

o ®

e

3. Analysis of the methane test data points is underway. Preliminary
results show that the data is consistent and falls within the expected
form of the Nusselt correlation. All data reduction and graphical
output is being performed on the IBM Personal Computer.
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¥ METHANE HEAT TRANSFER INVESTIGATION

!

* DISCUSSION
TASK 4: HEATED TUBE TESTING
§§ Testing of the first 500 gallons of methane has been completed. These tests
- accomplished the following goals of the first phase of the test plan: 1)
gf verification of the bimetallic tube and test facility performance, 2) low heat
. flux range tests to provide heat transfer correlation data, and 3) heat transfer

results which were within the predicted 5% accuracy. The power reactors
were driven up to 40 KWe (limit is 50 KWe) without the thermal runaway problem
associated with the liquid nitrogen tests. All of these tests were performed
on a single seven inch heated tube; no tube failures were encountered.

The methane chemical characteristics shown in Table 1 were provided by L. Hood
Associates. Since the 500 gallons was delivered as part of a large shipment
(approximately 10, 000 gallons), it was assumed that the chemical make up was
Ei unchanged due to any boil-off during transit. However, a small sample of the
N methane was ‘taken at the conclusion of the tests and will be analyzed.

The bimetallic tube temperature response to power input was well controlled,
. due to both the employment of fine tuning rheostats and the development of
| @ test procedure which came from experience gained in the nitrogen tests.
It was found that the desired tube temperature could be'achieved more easily
by first setting the desired power level (electrical current), then changing
the fluid flow rate. Attempting to control the tube temperature by varying
the power reactor inputs resulted in a "drifting" response. The general
procedure for establishing a steady-state test point was to:

1. Start the fluid flow (about 2 gpm).
2. Turn on preheaters and activate power reactors.

-
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3. Quickly ramp up the power, while maintaining a mafe tube
temperature by simultaneously increasing the flow rate,
4. Once power is met, then achieve desired tube temperature
by varying flow rate.
5. Allow system ot reach steady-state for at least 25 seconds,
then go to next test point,

This procedure required the coordination of two operatbrs - one controlling
the power reactors, and the other controlling the flow rate while monitoring
the tube wall temperature.

The test was halted when over 25 gallons was flowed. This was indicated

by a real-time integrator which is incorporated in the flowmeter counter.
Note that although the run tank has a 33 gallon capacity, only about 25
gallons 1is usable due to the compressibility of the liquid. On a couple

of occasions during tlie testing, the run tank was inadvertantly allowed to
run dry; however, the autamatic shutdown device (which monitors tube maximum
temperature) acted quickly enough to prevent any tube damage. The device
was set for a 1000°F limit.

There were no problems encountered in the instrumentation during the test
period. The subsequent data analysis verified the accuracies of measurements.
The wattmeter appeared to be performing up to its specified +3% accuracy.
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TASK 5:  DATA ANALYSIS AND CORRELATION

The data analysis was performed on the IBM Personal Computer. A code called
METHANE was written to simultaneously golve for the electrical heat generation
and heat conduction balance in the bimetallic tube. The convective heat
transfer coefficient is calculated at several axial positioms aloug the tube.
Fluid properties are accounted for by utilization of property cozrelations
derived from the NBS tables. The METHANE code rrovides the pertinent dimen-
sionless quantities such as Nusselt, Reynolds, Prandtl, and Stanton numbers.
In addition, the temperature and viscosity property ratios (evaluated at bulk
fluid and near wall conditions) are given at each axial location.

The results of the METHANE code were then transferred to a statistical sub-
routine called NUCKLE which provides a best-fit correlaticn. The results
from both programs were then graphically presented using the commercially
available LOTUS 1-2-3 package.

The incorporation of all phases of the data reduction process into the PC
allowed for quick and convenient analyses. Many of the test points were
evaluated at the test site immediately after the run, providing valuable
feedback for the test engineer.

The range of test conditions achieved during this period is shown in Table 2.
The maximun heat flux of 25.8 Btu/sec-in’ was achieved during the final run
where the power reactors were outputting nearly 40 KWe. The tube wall was
still a conservative 667°F, so a higher flux 1s possible on the seven inch
tube. Limited runs were made at the higher flux levels due to the conserva-
tive test plan. Because of the thermal runaway problem encountered in the
nitrogen tests, the initial methane tests were made by slowly increasing the
power level. However, no indications of runawvay were found,

The reduced data is shown in the Appendix section. Out of the 27 steady-state
test points, only six had unacceptable heat balances --meaning that the measured
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. electrical power input to the tube did not match the measured enthalpy rise
L{é of the fluid. 1In most cases, the heat balance difference was within 5%,

- which was the expected experimental accuracy., In the statistical fit proceass,
only those data points with balances within 482 were deecmed acceptable.

The unacceptable heat balances were found to be the result of unsteady

test conditions at the time chosen for the data point. There was no corre-

N lation between power level and heat balance error as is shown in Fig. 1.
Therefore, by taking more care in allowing the system to reach steady-state,
acceptable results are achievable.

| Since the standard correlation for convective heat transfer in pipe flow is

‘ the Dittus-Boelter equation, preliminary assessment of the reduced data was
made by plotting Nu vs (Re’0.8 Pr70.4) as is shown in Fig. 2. It is evident
that the data is congistent; the data points fall along a nearly constant
slope. Deviations from a constant slope are expected due to the varying

fluid properties, and the large bulk fluid to tube wall temperature difference.
This deviation in slope 1s evident in Fig. 3, which shows that as the fluid

to wall temperature ratio decreases, the slope decreases from the Dittus-
Boelter value of 0,023,

The best fit correlation for this preljminary form is,

Nu = 0.0163 Re¥*® pp0-4

A much better fit 1s found by adding the temperature ratio term to the Nusselt
equation. This 1s shown inFig. 4. The temperature ratio tetﬁ accounts for the
variation in fluid properties between the bulk fluid and near wall conditions.
Inportant temperature related properties are viscosity, thermal conductivity,

specific heat, and density. The preliminary best fit correlation for this
form 1s,

Nu = 0.0215 Re*® prO% (mp/py0-29 |

Another form of the Nusselt equation separates the effect of the fluid viscosity
from the temperature ratio term. Therefore, a viscosity ratio term is added,
based on the bulk fluid end wall conditions. As shown in Fig. 5, there 1s not )
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an obvious increase in the data fit; however, a slight improvement may show

up in the statistical fit. This has yet to be runm.

An interesting comparison was made with similar methane teats TUn at

Sﬁ Rocketdyne in 1979 by John Page. In the previous experiments, mtainlens
e tubes were electrically heated. The bimetallic tube was so deaigned to
i provide higher flux capabilities and better inner wall temperature calcu-
i lation accuracy. The comparison 1s shown in Fig. 6. The previous data

seems to give higher Nusselt numbers (hence, heat transfer coefficientsg)
i at the same Reynolds and Prandtl numbers (hence, flow conditions). The
;' corizlation that corresponds to this data is very close to the Dittus-
VV§ Boelter equation, displaying a slope of 0,021.

A check was made to substantiate the fact that both data reduction calcula-

tions do indeed use the same methane properties (NBS)., Algo, a double

check on the analytical solution to the bimetallic tube heat conduction
~uation was performed in order to verify the METHANE da:a reduction accuracy.
-+8 was done by comparison to a thermal model of the tube made on the

Rocketdyne Thermal Analyzer Program (TAP). The results are shown in Fig. 7.

It is evident that the analytical solution used in METHANE is indeed giving

the correct tube wall temperatures. Therefore, at this time it is not

known why the previous data is substantially different than the bimetallic

tube test results. Further review of the data reduction procedure used by

&
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J. Page 1is underway.

Preparations are already undervay for the mext test series. A 3 inch tube
has been installed in the test stand and a preliminary checkout is being per-
formed. The next test series will be at higher heat flux and mass flux
levels. The main focus of these tests will be to identify the conditions for
incipient carbon coking. These tests will commence upon receipt of the next
methane shipment, expected by the last week of June 1984,
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WORK PLANNED

The following activities will be conducted during the mext report period:

L 1. Preparations for the next series of tests will be complat~’ Tk .
tests will utilize a short 3 inch tube in order ‘~ - . - uigh heat
fluxes. Incipient carbon coking will be invest. ;.ved.

!
“} 2. The data analysis will be completed for the Nusselt correlation
1 phase of the tes“ plan. Also, a detailed evaluation of the previous
methane tests (by J. Page in 1979) will be perfoimed in order t. make
a positive comparison with the current test results.

3. Testing will commence upon the delivery of methane, expected by
30 June 1984,

T SRS L il o e R Tt RN

2



ASR84-45
6-14-84
Page 13

- lable 1. Methane chemical compoeition
COMFONENT MOLE %
Oxyger 0.020
Nitrogen 0.2%0
Carbon Dioxide 0. 000
Methane 92.470
Ethane 6.042
Propane 0.929
I-Rutane 0.113
) N-Butane 0.099
- I-Pertane 0.000
= N-FPentane 0.000
2 Hexanes 0.02%5

i

Excerpt from the Chromatographic analysis report Prepared by
Southern Natural Gas Co., Measurement Dept, Birmingham,

Alabama on /16784,
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1 Table 2. Range of test conditions achieved in first test series,

% Total Number of Teste 14

1% Total Number of Data Foints 27

f Nusselt Number 1067 to 3467

;g Reynolds Number 8.2 ES to 3.8 Es

: Heat Flun 1.6 to 25.8B Btuss-in2
?ﬁ Mass Flux 23.9 to 68.8 lbm/s~in2
:z Inlet Fluid Temperature -139 to -36 F

ggi Outlet Fluid Temperature -118 to 23 F

i% Inlet Fluid Pressure 3914 to

o

Fluid Velocity 1814 to
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POWER LEVEL EFFECT ON HEAT BALANCE

e WATTMETER VS FLUID ENTHALPY RISE

a4

2 -
o

CE %

-l -
— o
-

HEAT

-14 - Q

-1 £

R R L§ ] L

L4
° 10 20 30 4c
ELECTRICAL POWER [Kwe)

Figure 1. Power Level Effect on Heat Balance

e Rk i R s R T T " e . - Pusih
TN T e e e s ,.\;,,.,“’,““‘,, = A

< .



P S

Uo|3e(I440) I|ISSNN JO WI04 133|{30g-SNIYiq *Z @4nbyy

¥°0.3d 8°0.9H

@ (spussnoyy)
mmm 002 a8’ 9% ovs 02! 00l 08 09 o
558 Ve
9°0
8°0
(14 §
h O a5
-
a8
y e 3 m
3 o7 Hi
ke ) T . Tu
— Y a7 m (-
3 oz 8"
z Z
2 22
= ~
. [, |
) L 2
a0 8¢
i—ote () )6
1o = o >
- 2>
8°c

Vivd 4L HONI NUAIS

WOT1Ad HOd

NOILVIddd00 LTdSS(N

Mt R b PR

iR

i

2 .f,, .

ANVHLAN

LR TR IV R T T Y




w0y

< <t
t QO r—
It
&7 &
<O a.

c R a0 T ee b d e e T I W TN g N O Sy GNPy S - P . o
G.bwwnu wllemn.u.V.ul),, oty :.&,%\v\ ,.\vo‘..r P ,Caf.v.kruﬁ§54\.#u.\u.}?; T® 1...43.\- St % ?«5.&% iy.n,..,.,‘e}%sw.}uav:r.C\..J_v“-: ke u,..km_tyrrf.m .

‘€ dunby 4

ojley aunjesadwa] uo Iduapuadag UI(I|$490) 3|ISSAN

OlLVd JANLVAIINIL oML/ Inqy
s8a SL0 G990 990

1 i ] L 1 1 | 1 4 i

T§s
%,
:tlJ o
oF
&,
D%D
Sa)
a

Ollvd ANIVIIdNIL »1/41 40 133443

LNIIOIddH00 NOILVIHYY0D LTdSSNN

1 H ..‘ :‘ “!J.

- =

UL e T LMok o G

-
b
-
""'W,s.f\'—u...l.v)_!b W INFIIARS S o ) o i o SRR RS At
v N - o e

R T

s o QL.
u—&&\—mﬂ.u‘*—\—-‘mﬁ““ﬁr‘—“




wid] ojley Iinjesadwdl yiyMm UOIIe|III0) I |ASSNN

‘) unby 4

q1) v’ 4d 8'0 .8

m.N.O/\A;P\
Spuosnoyy)

ASR84-45
6-14-84
Page 18

v 0
90
840

-2

o

GiALITY

)
\

(5)=]

o

oyt .
OF PG

1)

P

Ollvd 34nivyIdWIL %1 /91 40 123443

NOILVIHdHdO0D LTdSSAN ANVHLAW

: )

=

LA
91
81

PARA
¥
92
8¢

*ARY
LAY
9¢

SRR Sperre A~ Soy i - ™ e

5 ARSI

dow

e —— A e E R a8 S S B
s ’. IR AN A, ~_,.;_.Jm..~§,,~,,w..“mf”_
B

spubsnoy|

HEéWNN 113sS

r

R e

PP S




Swa3dy or3zey A3gsodsyp
pue ofjey d4njesadwa) yjm uoile|asdtoy yqassny g aunby 4

[l S e

v (MNW/9nn) 62 - (ML/q1) v ag g _oy |
nmvccm:ocbu ¥
oLl as oc | oLl 06 oL _,

ASR84-45
6-14-84
Page 19

o
'¢)

-+
o

©
o)

«
=)

-

i —

éspuosnoqlg
438ANN 173S8NN

!
TNN®O+ N -
N N - - - -

j O
a

«
o

¢
N
oo [ T U NV PP

e meem 4 i i g

g o
"

D
o
¥
M om

¢
n

SOIUVY #MIN/490N ANy »1/9) 40 133443

NOILVIZHH0D L14SSNN ANVH.LANW

-

.

T——— “-Mw.n./\.‘..u._&-_—\_{i{ T AT

- V
Ml e Y -

©



ASR84-45
6-14-84
Page 20

1
e ST L v St

SIS9L 3ueylal uApiadoy SNOIAILG Y3 (M SI(nsSay JuIsadd jo uosysedwo) °g Iunbyy i

f

CELEL) ATYA T+ (PEEL) IHSINIHOW o
: bw

CSpUDSnaYy 4

ooe o1 sl ovL oclL o0 o8 o3 %) 4 o2

0

3°0 1P

g0
7

b

QQF

Lo
a il no ~

Yo bt

«
-

vl
+k.._.wwu.

s 87 b s & S _.wm Y

49 g
LY ¢ e

-

0
P
()]

[

OF POGOR QUALITY

O

s
+
v N
ISpuDEnCyl)
O JessEny

w
N N NV vy

0

]
H+

.*
0

0
-4

)

E I

IS I N RIS L en s danie S}
. o— "
L un

<

1)

v o

)]

L]

w

-

NOSIVAIS 7Lvd HLONI 3971 HONI N3A3S
NOILLVIHdEd0)D ILTISSNAN ANVHILAKW

s A R &R e \b |
RS AN Ol B T L I T R kS : e,

")
A NS S sl s R Y BRI S

——r

|
I

W
i
,
S

i

it o L L S VS S SHRS (YRS S TRy W
H L = T . L [P - . - - d P |

mou FER 9. 22 “u“ . @0 J o - = '



. ASR84-45
i 6 14 84
BIMETALLIC TUBE WALL TEMPERATURE
- o0 Q = 808 BTU/B-ING  (CASE O-34-8B-N7)
I
) -0
e 085 /
. o 60
'-_ H /
~§ 05
a /
§ o 7
ad
'i’ E &6
a6+
= 0036 ©038 ©00¢ 004 0044 0046 O©O48 006  0.082
= RADIUS [in
= D  "METEARE" PROGRAM C ]+ IBM~-PC SUPERTAP
%; =:e Q = 105 BYU/B-IN2  (CASE 6-34-aB-N))
4 &
=2
g ~
- 218
B 8 e
,. T
- a3
¢ y,
310 7
=
¢
] = Vet
P o=
o
T
m )
00X% 0038 00¢ OO 0O .06 0040 005 0083
RADIUR (in
0 “METHANE" PROGRAM e 1 IM-PC BUPERTAP
Figure 7. Comparison of the Bimetallic Tube Heat
Conduction Solutions
e NI s estert A S L

O




il @)

- ASRB4-45
: 6-14-84
Page 22

APPENDIX
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ORIGINAL PACE 1S
NF POOR QUALITY

n

CASE » 5-17-3F
-
: GSabsQ = 2.88 [KWe)
K T u/s= =5%,7 (F)"
: Tins= «84.5 [F) Tout =

Vol Flow = 2,37 [GFM]

TIME = 14:57:3%

-3&

Mass Flow = ,1040L1b/s)

INTERF INNER

I = 906.1 Camps)
T d/s= -24.4 (F)

-1 LF]

TUBE L =

Fin =40464.0 (psias)
H in= 307.2

METHANE HEAT TRANSFER INVESTIGATION

7.00 [in]

Ve 3I,173 (voltsl Re=

Mass Flux =

WALL X/ID OUTER FLUID ADIAE. FLUID HEAT h TRANSFEK
Loc. WALL WALL  WALL BULK WALL T PRESS FLUX COEFFICIENT
Xtinl TLF) TLFY TCF3 TLF) TLF) Lpsial (Btu/s~-1nee>)
B -14 1.9 12.4 11.1 10.3 -59.46 -56.8 4860.6 1.627 .23T50E-O
. «97 13.3 19.1 17.¢& 17.0 =60¢.7 -59.8 48%52.5 1.650 ,.21467E-01
1.91 26.2 28.1 2c.7 2.0 =-55.0 -54.1 4837.2 1.680 ,20973E-01
4.16 %7.0 4.1 i 4 1.9 -47.6 ~456.7 4817.95 1.699 ,216317E-01
.02 48.8 43.3 41.9 41.1 -41.,6 -=40.6 4801.95 1.730 ,21171E-01
.10 BI.6 47.0 4%, 6 44.7 -37.0 =36.0 £78°.5 1.741 L 21560E-01
6.84 93,7 S3.7 €z.2 S91.4 -33.4 -=32.5 4780.2 1.764 ,21027e-01
E’ WALL TUEE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
= LOC. SEG DL Cu MONEL Cu MOMEL Cu MONEL O GEN LOSS
= Xiin) (in) (mOn~mssin ([velt/ir) [r[amps) (Etu/ss-inl (Btu‘s-1n]
% .14 « 58S « 90 11,32 .43 8¢8. 38. 35 .02 37 « OO
- 97 .B88% «S1 11.33 . R4 €s7. I9. 36 .02 « 28 .« OO
= 1.91 1.%9% «S2 11.34 .45 867. 40. 7 <02 .39 SN
z 4.16 1,255 S22 11.33 «45 E=5. 40. « 27 - 02 .39 .00
( r: . 970 .52 11.7c .44 ess. 41, .38 .02 <40 « 0O
; .10 «910 S8 11,35 <47 8-%. 41, 39 «02 « 49 T
. é6.84 « 520 eSS4 11.75 - 47 B4S. 43, X9 .02 « 40 « 00
WALl FLUID REYNCO_DS FRANDTL Ttulkh/ MUbUYk/ NUSSELT STANTGN
LCC. VEL. NUMBER NUMEZR Twall Muwall NUMEER NUMBEKR
in) Cfétrss)
«14 181.4 .B173E+06 1.209 . 851 .30 «1173E+04 ,1187E-02
« 97 181.0 .Bl141E+06- 1.211 .837 1.34 «1067E+D4 L 1082E-02
1.91 18 € .B311E+uLs 1.210 . 833 1.36 «1061E+04 ,105SE~-02
- 4. 16 lebu 7 o 854'-’5"36 1. 203 . 838 ‘ . 36 .3 ‘ 148’04 . 10945-02
S.02 189.8 .B73ZE+Ce 1.19° .83S 1.37 +110TE+O4 [ 1059E-02
6. 1(’ 19106 QBBESE"'OQ 10 !°5 .839 ‘036 .31425*04 . ‘0765-02
é.84 192.3 .SOUTE+Os 1.2 « 834 1.38 «1125E«04 ,1048E-02
— WALL FLUID FLUID ENTHALFY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOS1TY CONDUCTIVITY HEAT
Xtind) CF) (psia) (Et./1D) Clb/ét-g) (Btu/s~¢t) [Btu/lb=-R) Clb/¢t3]
<97 =60.7 aBs:. S 30T.732 J2073IE-0V4 ,17629E-04 « 7988 19.760
1.91 ~85.0 4837.2 308.419 .2J0!BE-04 ,173I21E~048 « 8003 19.497
3;? 4.16 -47.6 A4p172.% 314,488 ,224BE-04 ,16999E-04 « 8028 19.1%¢
= s.02 -41.6 A4801.% S19.453 .2492E-04 .367S7E-04 . 8049 18.878
e 4 10 =37.0 478%9.% I23.230 J24SIE-04 L 16S37E-04 « 8063 18. 667
Ef 34 -~33.4 4780.2 S26.160 .2417E-04 ,16376E-04 « 8078 18.503
=7 CALC. CHECr: Wattmeter Qe = 2.88LLkw) Sensible Qs = 2.80Lkw) Qerr =
=- Meas. V= ,100 Cvolts) Calc. V = 3,173 (volts) Verr =eseees? (~owm-a)
ey Mras. ] =csvans Camps) Calc. 1 = 906.31 Lamps) lerr » 94,89
! HMeas. Tout =« -25,% [F) cCalc. Tout = =32.1 (F) Terr ® §,6 §F)

-

]

® OF TC = 7

2.358%

J.80 (mOrms)
Pout = 4741.0 {ps1 )
Hout 3327 (ptusip’

24.B4(1b/s-§in2
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OF POGR s 1
METHANE HEAT TRANSFER INVESTIGATION R QUi
CASE = %5-17-3C TIME = 14:58:29 TUBE L = 7,02 [in) # OF TC = 7
(Qabsa = 3.03 [KiWe)l
T u/s= =-40,8 [F)

Tin = ~41,6 (F)

I = 910.2 Camps)
T d/s= ~272.9 [F)
Tout = ~14.3 [F)

Ve 3323 [volte]
Pin =4934.0 (paia)
H in= 319.4

R = 3,65 [mOhms)
Pout = 4715.0 [psial
H out = 344.% [Etu/ib)

-

e At S, Fadiaene B e WESR W 3

G

2

- 83

Ko
o

i A

PR
T N A N o ans o et S - ARG P C AR

voF

ﬁ} Vol Flow = 2,34 [GPM) Mass Flow = ,0999[1b/s) Mass Flux = 23,88[1b/g-in2)
?i WALL X/ID OUTER INTERF INNER FLUID ADIABE. FLUID HEAT h TRANSFER
AN LOC. WALL WALL WwALL BULK WALL T PRESS FLUX COEFFICIENT
. Xfinl TLF) YCFI TIF) TLF) TIF) (psial (Btu/s-ine«2)
i; .14 1.9 31.7 30.3 29.5% ~44.,7 =43.,8 4835, 3 1.706 ,23264E-01
i 97 13.3 368.9 37.5 36.7 ~-45.6 =~44.7 4827.5 1.730 .21264E-01}
i 1.91 26.2 48.1 46.6 45.8 -39.3 =36.% 4812.8 1.761 ,20894E-01
3, 4.16 57.0 854.6 53.1 S2.3 -31.3 =30.4 4793.8 1.782 .21%60E~01
ﬁ S.02 e&8.8 &4,7 63.2 62.3 -24,7 -23.8 4778.4 1.816 .21087E-01
¥ 6.10 B3.6 68.7 67.2 66.3 -19.7 -18.8 4766.7 1.829 ,21498E-01
K $.84 93,7 75.0 73.4 72.6 -1%5.8 -14.8 4757.6 1.850 .21165E-01
1,
E WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
% LOC. SEG DL Cu MONEL Ccu MONEL Cu MONEL Q@ GBEN LOsSs
4 XLind  Cin) (mOhms/in) (Cvolt/inl CLampel (Btu/s-in) (Btu/s-in)
,'; [} 14 .555 052 "03‘ 0‘5 870. 400 037 002 039 .00
“\ﬂ: - 97 - 995 ° 53 1 1 . 35 . ‘6 8700 41 . . 38 . 02 - 40 . 00
A 1.91 1.5%9% «S4 131.35 « &7 869. 43, e 39 « 02 «40 « 00
5 4.16 1.555 «S5 11.36 47 868. 42, .39 «02 .41 « 00
s ¥2 « 970 eSé6 11,36 +48 868. 42, «40 .02 <42 « 00
N w.10 « 910 « 56 11.36 A9 867. AJ, «40 « 02 «A2 « 00
> é6.84 550 eS7 11.37 A9 867. 43, .40 «02 42 .00
X
% WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
9 LOC. VEL. NUMEBER NUMBER Twall MuUwall NUMBER NUMEER
¢ XLind Cft/s)
* .14 180.5 .B297E+06 1.201 .848 1.33 «1210E+04 ,1214E-02
% 97 180.2 .B271E+06 1.202 .834 1.37 «1103E+04 ,1109E-02
" 1.91 183.0 .B44LAE+0s 1.194 «832 1.38 « 1099E+04 ,3108B7E-02
o 4.16 186.6 .B724E+06 1.191 « 837 1.37 «1162E+04 ,1118BE-02
" $.02 189.7 .BY44E+04 1.181 . 833 1.38 «1151E+04 ,1090E-02
= 6,10 192.1 .9117E+06 1.180 .837 1.37 «1193E+04 .1109E-02
" é.845 194.1 .9254E+046 1.170 .834 1.38 «11B1E+04 ,1090E-02
" WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
-7 LOC. YEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
e Xtin) CF) Ipsial) (Btu/lb) [1b/¢t-s) (Btu/s~-¢t) LBtu/lb-R] C1b/$t3)
- 14 =44,7 483=.3 316.687 .2521E-04 . 16B4ABGE-04 « 8027 19,049
— .97 =45.6 4B27.% S16.171 .2529E-04 . 16B94E-04 « 8028 19.078
"t 1.91 =39,3 4812.8 321.292 .2471E-04 .164661E~04 « 8049 18.794
4.16 -31.3 4793.8 327.925 .2398E-04 ,1625&E-04 «R078 18.42¢6
S5.02 =24.7 4778.4 333,359 .233I9E-04 . 14044E-04 «8101 18.12%
- 2 10 =19.7 4%46.7 337.498 ,2294E-04 ,1%783E-04 8119 17.897
. a4 -15.8 47%7.6 340.784 ,2260E-04 ,315704E-04 8132 17.718
CALC. CHECK: Wattmeter Qe = 3,03Ckw) Gensible Qs = 2.86Lkw) Qerr = 5,457
Meas. V= ,100 CLvolts) Calc, V = . 323 (volts) Verr =masssssy,
Meas. I =sncons Camps) Calc. I =« 93¢ 2 Lamps) lerr = 9¢,99%
Meas. Tout = -8.8 [F) Calc. Tout - -14.3 [F) Terr = 3.5 tfF)

i




| wALL
" Loc.

-14

Co. « 97

i 1.9

[t}

o 4.16

S.02
6.10

i 6.88

WAL L
Loc.
XLinl
.14
97
1.91
4.1¢6
22
.10

G T

e . Be
Ty ore s s

L
St

.k 6.84

WALL
Loc.
XCinl
.14
.97
1.91
4.16
5.02
3. 6.10
 6.84

WALL
LOC.
X[inl
14
97
1.91
4.16
S.02

,

(

i CALC.
Meas.
Meas.
Meas.

10
84

Xlin)

CASE = %5~17-3p

METHANE HEAT TRANSFER INVESTIGATION

# OF TC =

TIME = 15:00:%1 TUBE L = 7,02 [in) 7
Gi.o.. = 6,83 [KWe) I =1212.4 Lamps] V= 5.382 [volts)d R = 4.44 [mOhms)
T u/a= ~-34,.1 IF) T d/s= 3.9 (F) Pin =4843,0 [psial Fout = 4600,0 [psial
T in = ~37.0 CF) Tout = 34,3 [F) Hin= 32X.3% H out = 381,2 [Btu/lb)
Vol Flow = 2,41 (GPM) Mass Flow = ,1002(1b/s) Mass Flux = 23. 94010 /8~in2]

X/ID OUTER INTERF INNER FLUID ADIAE, FLUID HEAT h TRANSFER

‘ WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT

TLF) TLF) TCF) TLF) TIF) (pmial [(Btu/s~ines2)

1.9 119.0 115.9 1314.% -37.0 =34.1 4739.7 S.511  ,23352E-01
26.2 163.0 1%9.6 157.8 -19.6 =~1B.6 4714.3 3.763 .21332E-01
68.86 201.7 198.0 196.1% 11.4 12.5 4674.5 3.984 .21700E-01
83.6 214.0 210.2 208.3 22.3 23.5 4660.5 4.054 ,21935e-01

TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN, TOTAL HEAT
SEG DL CTu MONEL cu MONEL Cu MONEL @ GEN LOSS

tin) (mOhms/in) Cvolt/in) (amps) LBtu/s-in) [Btu/s-in)

-1 61 11,39 70 1151, &2, 76 .04 .81 .00

«.885 «63 11.41 .73 1149, ¢4, 79 <04 - 83 « 00
1.598 65 11,42 75 1147, 66, .82 .08 «86 + 00
1.58% 67 11.43 N & 4 1145, &7, .B3 « 0% .88 .00

« 970 «70 11.44 N e) 1143, 69, 86 « 0% .91 .00

« 910 «71 11.45 .81 1142, 71, .88 .05 .93 + 00

« 350 72 11.46 .82 1141, 72, .8% .06 « 95 .00
FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
VEL. NUMBER NUMBER Twall #Uwall NUMBER NUMBER
(ft/s)

185.2 .8S40E+06 1.200 «737 1.63 « 1239E+04 ., 1206E-02

187.3 .B8705E+06 1.19% « 718 1.63 «1162E4+04 ,1121E-02

193.3 .914%E+06 1.181 «713 1.56 «1183E+04 . 1095€-02
201.9 .9764E+06 1.165 « 724 1.46 «1287E+04 ,1132E-02
209.4 .1031E+07 1.1546 «719 1.39 + 1313E+04 ,1102E-02
220.7 .11°1E+07 1.144 721 1.29 +1404E+04 ,1310%E-02
FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
TEMF. PRESS VISCOSITY CONDUCTIVITY HEAT
tF) (psial ([Btu/ib) Llb/ét-s) {Btu/s-ft) [Btu/lp-R) [(1b/¢t3)
-37.0 473%.7 323,253 .2450E-04 ,165312E-04 « 8084 18.611
-32.5 4730.9 326.9568 .240%E-04 « 16369E-04 «8102 18.407
=19.6 47314.3 337.686 ,2293E-04 . 18803E-04 .8142 17.827
-2.6 46%92.6 351.764 .21476-04 . 15106E-04 «B8192 17.075
11.4 4474.% 363,464 ,2033E-04 .14477E-04" " 8228 16.458
22.3 4660.8 372,852 .1950E~04 . 14002E-04 8249 15.986
31.0 46449.4 379.782 .18B7E-04 . 13430E-04 « 8262 185.616
CHECK: Wattoeter Qe = 6.530kw) Sensible Qs = 6. 13Ckw) Qerr = 4,09
Ve 5,33 tvolts) Calc. V = 5,382 tvolts) Verr = _948%

1 =1224.2 tamps) Calc. 1 =1212.4 tamps) lerr = «96%
Tout = 32.7 [F) Cealc. Tout = 34.3 tF) Terr = 3.6 CF)

‘f“‘*ff;fff‘ig)  =



! *
-

CASE = 5-18-1A

a?mbse = 015 [KWe)

WALL
LocC.
Xtin)
.14
97
1.91
4.16
T.02
6.10
6.84

WALL
Loc.
XLinl
+ 14
« 97
1.91
4.16
02
-e 10
6.84

WALL
Loc.
Xlinl
.14
<97
1.91
4.16
S.02
6.10
é.84

WALL
LOC.
XLinl
- 14
97
1.91
4.146
5.02
‘.10
.84

CALC.
i Meas,
Meas.

T u/s= ~4%.8 [F)

@

DN

SR .
LY -~ . * v 1
kPG (.o,

- T
AR A P

METHANE HEAT TRANSFER INVESTIGATION

TIME = 11328155 TUBE L = 7,02 [in) # OF TC = 7

1 =1147.2 Lamps) V= 4,489 Lvolts) R = 3.91 CmDhms)

T d/a= ~13.0 [F) Pin =4754.0 [psia) Pout = 4542, 0 (psial
Tin = =44,7 [F) Tout = ~33.4 [F) H in= 296,6 H out = 332.% [Etu/ib)
Vol Flaw = 2,48 [(GFM) Mass Flow = ,1098[1b/8) Mass Fluyx = 26.23[1b/e~in2)
X/ID OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFER
WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
TIF) TLFI TCF) TLF] TCF) (psial [Btu/s=-inss2)

1.9 S3.S 1.2 49.9 =45.2 -64.3 44637.1 2.809 ,24613E-0}
1303 7‘-3 68.9 67.5 -6004 -59.‘ 4627. l 20 902 022873E-’0’
26.2 e7.6 85.0 8.7 =%0.6 =-49.¢6 4609, 1 2.987 .224319E-01
7.0 96.9 4.3 92.9 -XB.4 -I7.3 458%5.7 S.036 .23325E-01
68.8 113.1 110.4 108B.9 -28.7 =27.6 4566.6 3.119 .228S1E-01}
83.6 119.7 116.9 115.% =-21.3 =20.2 4552.1 3.153 ,23249E-01}
93.7 135.0 132.1 130.6 -15.6 -14,.4 4%40.6 3.232 .22290E-01

TURE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
SEG DL Cu MONEL cu MONEL Cu MONEL @ GEN LOSS

(in) [mOhms/in) Cvolt/in) Camps) (Btu/s-in) [(Btu/s-in)

« 555 «54 11,35 « 59 1095, S2. Y « 03X .64 <00

«88% 56 11,37 61 1093. 854, -63 + O N-Y4 .00
1.59% «58 11.38 « 63 1092, 8S. 65 « 03 .68 « 00
1.885 59 11.38 .64 1093. Se6. .66 . OX Y {d .00

970 60 11.3%X9 .66 1089. S8. .68 .04 e72 .00

« 910 b6l 11.39% &7 1089. S8. « 69 .04 72 « 00

« 8550 63 11.40 .68 1087. 60. .70 .04 .74 « 00
FLUID REYNOLDS PRANDTL “bulk/ MUbul k/ NUSSELT LCTANTON
VEL. NUMEER NUMBER Twall Muwall NUMBER NUMBER
[$ét/s)

191.2 .BAS6E+0s 1.226 o774 1.54 « 1207E+04 , 116SE-02

193.5 .BLO7E+06 1.222 - 758 1.60 «1137E+04 ,10B0E-02

198.1 .B918E+056 1.219 « 753 1.62 «11446E+04 , 10SSE-02

R04.2 .93IIE+04 1.236 « 763 1.58 « 123JE+04 |, 1069E-02

209.3 .967BE+056 1.225 « 758 1.57 «1235E+04 ,1042E-02

213.4 9953408 1.218 e 762 1.54 «12B0E+04 , 1056E-02

216.7 .1018E+07 1.216 « 753 1.82 « 1250E+04 , 1010E-02
FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
TEMP. PRESS VISCOSITY CONDUCYIvaVB HEAT

tF) (psial) ([Btu/lb) [ib/ét-s) tBtu/s-ftf:tBtu/lb-RJ L1b/4¢3)
-65.2 4637.1% 299,842 ,2717E-04 ,17861E-04 +ROSS 19.752
-60.4 4427, 303.883 .2670E-04 .1762BE-04 «8072 19,524
~368.4 4%8%,.7 322,157 ,24462E-04 ,16%57SE-04 .8319 18. %01
~28.7 4%s6.6 330,247 ,2374E-04 ., 16203E-04 «B8363 18.047
-21.3 4%52.1 336.401 ,2309E-04 ., 1S90BE-04 « 8394 17.703
-15.6 4%40.4 341,253 .2238E-04 ,1%424E-04 8414 17.431
CHECK Wattmeter Qe = S, 1Stkw) Sensible Os = 5, 0Bl kw) Qerr = 1,40%
V= 4,423 tvolts) Calc. V = 4,489 [volts) Verr = § . %01%

1 =11:4,8 Lamps) Calc. I =31147.2 Camps) lerr = 1 _48%
Tout = «14.1 F) Calc. Tout = -13.4 [F) Terr = «8 LF)

Meas.

A AP AR o S rgeinns
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e “A?Fcﬁ}“f-“‘WA e e AN R T 2 e et




i;f METHANE HEAT TRANSFER INVESTIGATION

CASE = S5-18-1F TIME = 13130152 TUBE L = 7.02 [in) # OF TC = 7

(??dbse = §.6%5 [KWel 1 =1383.9 Camps) V= 6.973 [volts) R= S.08 tmDhms)

.’j

'

L 1A XN (G RN

T u/s= —61.4 [F) T d/s= 3JI7.1 [F) Pin =4732,0 [psial Pout = 452%,0 (peial
T in s =62,3 [F) Tout = I8.4 [F) H in= J302.3 H out = 384.3 [Etu/lb)
Vol Flow = 2.48 LGPM) Mass Flow = ,1085[1b/s) Mass Flux = 25,92[1b/g-in2)
WALL X/ID OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFER
LOC. ’ WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
XCinl TEF TLFY TIF) TLF) TLF) [psial [Btu/s-inss2)
«14 1.9 156.1 151.86 149.5 -%55,1 -%g.1 4616,.3 4.828 .2I254E-01
«97 13.3 198.2 19%.5 191.0 ~49.8 -46.8 4605.5 S5.137 .21417E-01
1.91 26.2 242.7 237.6 234.9 -32.p -31.8 458%5.8 S.464 L20488BE-01
4.16 S57.0 283.8 278.3 275.%5 -~10.5 -%.3X 4559.7 S5.764 .20237E-01
S.02 68.8 3I21.X I15.4 I12.5 8.1 9.4 4537.6 6.035 19917E-01
6.10 B83.6 3I41.I 3Ix5. 2 I32.2 22.6 23.9 4520.2 6.180 ,20048E-01
6.84 93,7 Isb.6 3I60.3 IS7.2 34.0 35.8 4506.2 6.362 .19777E-01}
WALL TUBRE RESISANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
LOC. SEG DL cu MONEL cu MONEL CU MONEL @ GEN LOSS
XLinl [in) EmDhms/in) (volt/inl Camps) [Btu/g-in) [Btu/s-in)
.14 « 555 b4 11,42 .84 1310. 74, 1.05 . 06 1.11 00
.97 - 88% +69 11,44 « 90 1305, 79. 1.11 .07 1.18 . 00
1.91 1.59% «73 131.47 7 1301. B3, 1.18 .08 1.25 « 00
4.16 1.55% 78 11.49 1.01 1294, B8g, 1.24 . 0B 1.32 .00
S 02 . 970 «.82 11.52 1.06 1292. 92. 1.29 0% 1.3X8 « Q0
« 10 « 910 .84 11.53% 1.08 129¢0. 94, 1.32 + 10 1.42 . 00
é6.84 « 550 86 11.54 1.11 1286, 96. 1.36 «+10 1.46 « 00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbul k/ NUSSELT STANTON
LOC. VEL. NIMEER NUMBER Twall MUwall NUMEBER NUMBER
Xlinl) [$t/s)
.14 191.9 .BS44E+06 1.222 - 658 1.61 «1160E+04 ,1110E-02
<97 196.1 .BBIBE+06 1.220 « 630 1.76 «109BE+04 ,1019E-02
1.91 204.5 .9416E+06 1.228 «615 1.66 « 1096E+04 ,9479E~-03
- 4,16 216.6 .1026E+07 1.204 «611 1.54 «1145E+04 _.9273E-03
5.02 227.7 .31103IE+07 1.192 « 606 1.44 «1192E+04 _Q075E-0OF
6.10 236.9 .1166E+07 1.183 « 609 1.37 « 1255E+04 ,9103E-03
6.84 284.7 .1217E+07 1.174 « 605 1.23 «1283E+04 ,897BE~0X
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMF. PRESS VISCOSITY CONDUCTIVITY HEAT
Xtin) CF) [psia) ([Btu/lbl [1b/ét-8) ([Etu/s—-§t) [Btu/lb=-R] (1b/€tX)
14 =59.1 4416.3 304,936 .26S7E-04 ,17566E-04 « 8079 19.457
97 <«49.8 440=.% 312.584 ,2569E-04 ,17082E-04 «0108 19.03%
1.91 -32.8 4%85.8 326,757 .24126-04 L16375E-04 - 8338 18.25¢4
4.16 ~10.5 4%59.7 345.432 . 2214E-04 ,154B3E-04 «B419 17.238
5.02 B.1 A%3I?,.6 361.087 ,2059E~04 .146I1E-04 «B4ss 16.396
V10 22.6 4%20,.2 373.209 .194BE-C4 ,13990E-04 +BA9Y 15.756
.84 4,0 45%06.2 382.84% ,1866E~04 . 13506E-04 «8497 15.2%5
CALC. CHECH: Wattmeter Qe = 9,65lkw) Bensible Qs = ?.39[kw) Qerr = 2,70%
Meas. V = 6,895 [volts) Calc. V = 6.973 {volts) Verr = 1,131%

Meas.
Meas.

1 =1399.6 Camps)
Tout = 35.7 tF)

Calc., 1 =1383.9 tamps)
Calc. Tout = 38.4 (F)

1.12%
2.7 tF)

lerr =
Terr =

|
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! METHANE HEAT TRANSFER INVESTIGATION OF'POUd Citegtey

L]

® OF TC = 7

1

% CASE = S-18-2C

v

TIME = 13:54:40 TUBE L = 7,02 [in)

(&hbse =14.45 [KWe)

I =1810.3 [amps]
T u/e=-130.9 [F)

T d/e= =42.0 [F)

Ve 7,982 Cvolts)
Pin =3914,0 [psial

R= 4.41 tmOhms)
Pout = 3I345.0 (psia)

R

Noidedt M
i

_ T in =-133,.1 [F) Tout = =53,1 [F) H in= 241.4 H out = 319,.0 [Btu/lb)
ég Vol Flow = 3,93 [GPM) Mass Flow = ,1947[1b/s) Mass Flux = 46.53[1b/s-in2)
- WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
" LOC. WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
. XLind TLF TLF) TLF) TLF TIF) Cpsial (Btu/s-ines2)
i - 14 1.9 87.1 81.0 77.6 -130.3 ~127.9 3589.3 7.263 .3I5340E-01
; 97 13.3 122.3 115.7 112.1% -122.7 -120.2 3561.2 7.705 .33174E-01
> 1.91 26.2 168.0 160.7 156.8 -108.9 -106.2 3509.7 8.276 .I1475E-01
i 4.16 57.0 173.6 166.2 162.2 -91.1 -88.2 3441.2 B8.347 .33I3II0E-01
_; S.02 68.8 233.2 224.8 220.%5 -76.6 =-73.5 3383. 4 9.084 ,3I0B99E~01
¥ 6.10 B3.6 257.9 28%.1 244.6 -65.8 -62.0 3337.5 9.389 .3041BE-01
§ 6.84 9.7 282.5 273.3 268.7 -56.4 -53.0 3300.4 9.691 .30132E-01
{
[
;§ WALL TUEE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
3 LOC. SEG DL CU MONEL Cu MONEL CU MONEL Q GEN L.0OSS
3 Xfinl LCin) (eOhms/in) Cvolt/in) Camps) (Btu/s~-inl [(Btu/s-inl
3 « 14 » 9SS D6 11,37 « 27 1725. 8S. 1.59 .08 1.67 «00
=54 97 - 865 «60 11.40 1.03 1720. 90. 1.68 « 09 1.77 « 00
. 1.91 1.595 b5 11,42 1.11 1713. 97. 1.80 «10 1.90 « 00
=z 4.16 1.5SS «65 11.4% 1.12 1713. ¢98. 1.81 10 1.91 « 00
- 22 « 970 «71 11.44 1.21 1704, 106. 1.96 «12 2.08 « 00
= .10 « 910 «74 11.48B 1.26 1701. 109. 2.02 13 2.1% « 00 y
%§ 6.84 ,%50 76 11.49 1.30 1698. 113. 2.08 .14 2.22 .00 .
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
;é LOC. VEL. NUMEBER NUMBER Twall #Uwall NUMBER NUMBER
- XLin) Cft/s)
:3 «14 305.3 .1254E+07 1.317 «613 2.14 «1S00E+04 ,90B4AE-03
- - 97 311.0 .1311E+07 1.297 « 590 2.19 «1443E+04 _B4BLE-0O3
=, 1.91 322.3 . 13%54E+07 1.345 569 2.18 « 1850E+04 ,7959E-03 j
Y 4.16 338.9 .1483E+07 1.328 - 593 2.01 e 1626E+04 .B261E-03
i S.02 354.6 .1598E+07 1.338 «S63 1.89 « 1602E+04 ,7504E-03 .
i 6.10 36B.4 . 156946E+07 1,346 560 1.79 e 1667E+04 ,7303E~03 )
i 6.84 380.84 .1777E+07 1.356 « 554 1.7 «1707E+04 ,7087E-03 j
= WALL FLUID FLUID ENTHALPY . DYNAMIC THERMAL SPECIFIC DENSITY f
- LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT '
Xtin) [F) (psial) ((Btu/lbl Clb/ét-s) (Btu/s-$t] [Btu/lb~-R) L[1b/¢t3)
«14 ~130.3 3I%89.3 243.782 ,32B0E-04 ,204632E-04 « 8362 21.947 (
«97 =122.7 3561.2 250.197 .3109E-04 ,2013BE-04 « 8403 21.543 .
1.91 -108.9 3I%05.7 261.994 ,3009E-04 ,19016E-04 . 8499 20,786 4
4.16 ~-91.1 3441.2 277.450 ,2749E-04 . 17953E-04 «B672 19.767 '
5.02 ~76.6 3383.4 290.319 .25S0E-04 ,16900E~04 « 8850 18.895
4,7 10 =4%5.4 3337.% 300,857 .2404E-04 ,16091E-04 « 9011 18.18?
.- ( 84 =56.4 3300.4 308,737 .2293E-04 ,15441E-04 9139 17.612
CALC. CHECK: Wattmeter Qe =14.45Ckw) Gensible Qs =15.95lkw] Qerr = 10.40%
h. Meas. V & 7,950 Cvolts) Calc. V = 7.982 Cvolts) Verr = ,400%
_g; Meas. 1 =1817.5 Camps) Calc. ! =1810.3 lamps) Jerr = « 407,
& Meas. Tout = <45,2 [F) Calc. Tout = =53, 1 IFl Terr = 7.9 [F)
. e —————
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METHANE HEAT TRANSFER INVESTIGATION

CASE = S5-18-3A TIME =
) (bubse = 8,05 [KWe)
T u/s=-112,9 [F)
Tin ==115.3 [F)

T d/g=
Tout =

Vol Flow = 4,00 [GPM)

-

v

14:36:34

-61.4 [F)

-68.3 [F)

TUBE L =
I =1515.3 [amps]

V=

7.00 [in)

9.312 [volts]

Pin =4445,0 [psia)l

- e s

o

Mass Flow = ,1937[1b/s)

-t o,

-~

o ("]

& S B op B
s fof g s ATyt -

H in= 257.5

Mass Flux =

o~y
(5 ’

“]” "

® OF 7C = 7

R= 3.5 tmOhme)
Pout = 3849,.0 {psial

H out = 300.5 [Btu/lb)

46.28[1b/8~-in23

WALL X/ID OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFER
Loc. wWAaLL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
XLind TL(F2 TIFY TLF2 TCF) TLF) (osial [Btu/s-in«e«2)
014 ‘09 5.9 2.8 03 -1‘305 -‘1100 ‘11809 4.‘15 .3966‘5‘01
97 13.3 16.6 13.0 11.0 -108.8 ~106.2 4092.4 4.512 .3IBS00E-01
1.91 26.2 36.5 32.7 30.5 -100.7 -98.0 4044.7 4.4692 .3I6S501E-01
4.16 57.0 37.8 33.7 31.5 -90.2 -B87.4 3982.7 4.701 .3I9S52BE-01
S5.02 68.8 62.4 8.3 S6.0 -81.7 -78.8 3931.9 4.925 ,3I6522E-01
6.10 83.6 70.8 686.6 64.3 ~75.2 -72.2 3893.0 S.001 ,.364627E-01
6.84 93,7 61.6 77.3 74.9 -70.2 ~67.1 3862.7 S.097 .35882£-01
WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT BEN. TOTAL HEAT
LOC. SEG DL CuU MONEL Cu MONEL CuU MONEL @ GEN Loss
XLlinl (inl mOhme/inl) Cvolt/inl [amps) [(Btu/s-inl (Btu/s-inl
.14 « 985S 49 11,33 .71 1453, 62. « 97 .04 1.01 « 00
« 97 885 «SO 11,33 «72 1452. 6A4. -9 « 04 1.03 « 00
1.91 1.595 52 11.34 «75 1449, 66, 1.03 .05 1.08 « 00
4.16 1.55% eS2 11.34 «75 1449, &6. 1.03 « 05 1.08 « 00
( 2 « 970 -S4 11.36 «79 14456, 69. 1.08 .05 1.13 « 00
.10 . 910 S5 11.36 - 80 1445, 70. 1.09 .05 1.15 « 00
6.84 « 530 «Sé6 11.37 .81 1444, 72, 1.11 .06 1.17 .00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
LOC. WVEL. NUMBER NUMBER Twall M#MUwall NUMBER NUMBER
XLin) L4t/s)
«14 309.4 .133I3E+07 1.212 « 753 1.43 «1682E+04 ,1042E-02
097 3‘209 .1276E*°7 10320 .746 loSé 0‘6998*04 .10085-02
io?l 3‘904 013‘55*07 1.299 0733 ‘063 .16235‘04 .95035-03
4.16 328.4 .136BE+07 1.254 752 1.58 +1B05E+04 ,1019E-02
S5.02 3346.2 .3422E+07 1.296 « 733 1.67 «1719E+04 _93IIIE-03
6.10 342.6 .1445E+07 1.300 « 734 1.68 «1769E+04 ,92B9E-03
6.84 347.8 .1501E+07 1.301 « 729 1.6%9 «176SE+04 .9043E-03
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
XCind) [F) Cpsia) ([Btu/lbl) L1b/ét-s) ([Btu/s-ft) CBtu/1b-R] [1b/4t3)
«14 ~113.5 4118.9 258.985 .3043E-04 ,20654E~-04 « 8225 21.543
«97 ~-108.8 4092.4 262.820 ,3176E~-04 ,19B4SE~-04 «B249 21.301
1.91 =100.7 4044.7 269.613 .3J0BAE-0A , 19699E-04 «829% 20,867
4.16 =-90.2 3982.7 278.377 .2963E~04 .191B1E-04 .8378 20, 297
S.02 -B81.7 3931.9 265,343 .2852E-04 .18612E-04 « 0455 19.823
‘10 =75.2 3893.0 291.068 ,2767E-04 .1B8140E-04 «83520 19,454
. B4 -720.2 3862.7 295.366 .2702E-04 . 17806E-04 «8573 19. 165
CALC. CHECK: Wattmeter Qe = 8.05lkw) Gensible Os = B.79[lkn) Qerr = ©,16Y%
Meas. V = 5,239 tvolts) Calc. V= 5,312 tvolts) Verr = 31,392%
Meas. 1 =1534.5 Camps) Calc. 1 =1515.3 [amps) lerr = 1,387
Meas. Tout = -44.2 CF] Calc. Tout = =68.3 [F) Terr = 4.1 (F)
b




CASE = S-18-3A

METHANE HEAT TRANSFER INVESTIGATION

(khbse = B8.08 [KWe)
; T u/s=-113.1 [F)
T in =-115.4 (F)

Vol Flow = 3,99 [GPM)

Tout =

TIME = 14:36:42

Mass Flow = ,1934L1b/8s)

I =1513.7 [amps]
T d/ee- =61.4 LF)
-68,.3 [F)

TURE L =

V =

7.02 [in)

5.334 [volts)
Pin =4439.0 [(psia)
H in= 257.3

Mass Flux =

ORIGINAL, £/.07
OF POOR QUALITY

% OF TC
R =

- 7

3.52 CmDhmsd

Pout = 3848,0 [psial

H out = 300.5 CBtu/ib)
46.21[1b/s~-in2)

", WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
: Loc. WALL  WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
g Xtinl TLF)  TLFY TIF) TIF) TIF1 ([psia) (CBtu/s-in#*2)
: .14 1.9 6.1 2.6 «6 -113.7 ~111.2 4113.9 4.409 ,39427E-01
¢ «97 13.3  17.5 13.9 11.8 -109.0 -106.4 4087.5 4.511 . 381356-01
- 1.91 26.2 37.1 33.3 31.1 -100.9 -98.2 4039.9 4.&88 « 36246E-01
& 4.16 S7.0 38.5 34.7 3I2.5 -90.4 -B7.6 3I978.2 4.701 «39137E-01
; 5.02 68.8 64.0 9.9 S57.64 -81.9 -79.0 3927.4 4.929 « 36085E-01
! €.10 B83.6 72.8 6B.6 46.3 -75.4 -72.4 38BB.7 5.008 .36120E-01
—% 6.84 93.7 3.1 78.8 76.4 -70.2 -67.2 3858.1 S.100 «35515E-01
2
=3 WALL TUBE RESISTANCE VOLTABE CURRENT HEAT GEN. TOTAL  HEAT
£ LOC. SEG DL cu MONEL CU MONEL CU MONEL @ BEN LOSS
=3 XLinl Lin) (mDhms/in) [volt/inl Camps) (Btu/s-inl (Btu/s~-in)
= .14 .SSg 49 11.33 .70 1451, 2. .97 .08 1,01 .00
3 .97 .88% +S50 11.33 .72 1450. 64, 99 .04 1.03 .00
= 1.91  1.595 52 11.34 «75 144B. 66. 1.03 .05 1.08 .00
= 4.16 1.5%%5 .52 11.34 «75 1447, &6. 1.03 .05 1.08 .00
= 02 .970 55 11.36 «79 1444, 6%, 1.08 .05 1.13 .00
=i .10 .910 .55 11.37 B0 1843, 70. 1.10 .05 1.1% . 00
= 6.84 ,S50 «S7 11.37 .82 1442, 72. 1.11 .06 1.17 .00
= WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/  NUSSELT STANTON
' LOC. WVEL. NUMBER NUMBER Twall MUwall NUMEER NUMEER
XLind [$t/s)
: -14  308.8 .1328E+07 1.213  .752 1.44 «1672E+04 ,1037E-02
= «97  312.3 .1274E+07 1.321 .744 1.%7 «1683E+04 ,1000E-02
1.91  318.8 .1312E+07 1.300 .731 1.64 «1611E+04 .94S0E-03
. 4.16 327.8 .1366E407 1.292 .750 1.%9 «17B4E+04 .1011E-02
_ S.02  335.6 .1420E+07 1.295 .730 1.68 «1697E+04 ,923I3E-03
6.10 342,00 .14463E407 1.299 731  1.6&9 «1743E+04 .9173E-03
. 6.84 347.3 .1499E+07 1.302 .727 1.70 +1749E+04 ,B962E-03
. WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
~ LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY  HEAT
X{in) EF)  [psia) (CBtu/lbl [1b/ft-s) (Btu’/s-ftl) [Btu’/lb-R) Cib/4t3)
<14 -113.7 4133.9 258.815 .304BE-04 ,20662E-04 .B6226 21.548
) «97 ~109.0 40B7.5 262,653 .3179E-04 .198S1E-04 .B8250 21.306
T o 1.91 <100.9 4039.9 269.452 .30B4E-04 .19706E-04 .B300 20.872
. 4.16 -90.4 3978.2 278.226 .2963E-04 .19214E-O4 .B381 20.301
S.02 -81.9 3927.4 285.406 .20%2E-04 .18622E-04 .B8457 19.826
© 10 -75.4 38BB.7 290.946 .2767E-04 .1B149E-04 .B521 19.45s
.\ 88 -70.2 3828.1 295.314 .2700E-04 .17792E-04 8576 19,162
= CALC. CHECK: Wattmeter Qe = B.08Lkw] Gensible Qs = 8.81lkw) Qerr = 9,10%
e Meas. V = 5,301 Cvolts] Calc. V = S.334 [volts) Verr = ,4629%
=y, Meas. 1 =1523.3 tamps) Calc. 1 =1513.7 Lamps) lerr = « 63%
i Meas. Tout = -44.2 (F3 Calc. Tout = -68.3 tF) Terr = 4.1 (F)
k)
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METHANE HEAT TRANSFER INVESTIGATION

K“a

(}t': ;" ‘i : e L‘t

CASE = S-18-3B TIME = $14:38:14 TUBE L = 7,00 [in) ® OF TC = 7

. (zhbse =13.18 [KWe])
H T u/s=~109.8 (F)
Tin =-112.2 [F)

Vol Flow = 4.05 [GPM)

Tout =

1 =1767.3 Camps)
T d/s= =30.3 [F)
"37.3 LF]

Vs

Mass Flow = ,1946[1b/s)

7.455 [voltsl
Fin =4380.0 fpsial
H in=s 256,9

Mass Fluy =

R =

4.22 [mOhms)

Pout = 3744.0 (psia)
H out = 327.4 [Btu/lb)

46.4801b/s~in2)

P ewremmiermoEoma g oned
o omw e, T

WALL.

R A g

e YL YR

o

B il i~ I e AR~ o
G I ~_J'J"—’«L'\_ug-.'c;.«;rmf:_r%;‘:-‘r,—_w&.?a_,.._., s s
e

X/ID QUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
Loc. WALL WALL WwALL BULK WALL T PRESS FLUX COEFFICIENT
Xtinl . TLF) TLF) TLF) TLF TLF (psial [Btu/s~-in#s2)
v .14 1.9 79.0 73.3 70.1 -109.5 =106.9 4046.7 6.837 ,.38622E-01
2] «97 13.3 102.7 ©6.7 o3.% =102.3 =~99.7 4018.2 7.122 e 36901E~-01
i 1.91 26.2 146.7 340.0 136.4 -89.4 -B86.6 3966.0 7.648 .3I4304E-01
2 4.16 57.0 141.7 135.1 131.5 =72.7 =6%.7 3897.2 7.590 .37727e-01
K S.02 68.8 195.6 188.2 184.3 -59.,2 -55.¢9 3839.6 B.230 .34269E-01
o 6.10 83.6 219.% 211.7 207.6 -48.5 ~-45.1 S794.3 B.513 .3I3I686E-01
ﬁr 6.84 93.7 275.7 228.6 224.5 -40.3 ~36.7 3758.4 8.716 .33375e-01
s} WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT BEN. TOTAL HEAT
g3 LOC. SEG DL Cu MONEL CU MONEL CU MONEL @ GEN Loss
3 XLind) [in) (mOhme/in) Cvolt/inl Lamps) [Btu/s-inl [Btu/s~in)
) .14 9555 «S6 11.37 .94 1685, 82, 1.49 .07 1.57 « 00
i 97 .885 «58 11.38 .98 1682. B86. 1.55 .08 1.63 « 00
- 1.91 1.595 63 311.41 1.05 1676. 92. 1.66 .09 1.75 .00
o7 4.16 1.555 62 11.41% 1.04 1676. 91. 1.65 .09 1.74 « 00
} 22 « 970 «68 11.44 1.13 1669. 98. 1.78 «11 1.89 « 00
= e !0 .910 .70 11045 iol? 1666. 1020 1.84 .11 1095 .OC’
s 6.84 « 3530 «72 11.47 1.19 1663. 104, 1.688 .12  2.00 « 00 '
& WALL FLUID REYNOLDS PRANDTL Toulk/ MUbulk/ NUSSELT STANTON
By LOC. VEL. NUMEBER NUMBER Twall MUwall NUMBER NUMEER
B Xtinl C$t/s)
< 14  3I14.3 .1279E+07 1.325 « 661 1.93 «1703E+04 ,1005E-02
% <97  319.9 .1312E+07 1.304 646 1.99 «1637E+04 ,9541E~-03
¥ 1.91 S30.7 .1381E+07 1.294 « 623 2.01 «1S73E+04 .8795E-03
A 4.16 346.2 .14B4E+07 1.301 « 655 1.88 «1B37E+04 ,9512E-03
> S.02  360.4 .1578E+07 1.305 «622 1.80 «17S3E+04 ,.B8511E-03
Y 6,10 372.6 .1657E+07 1.307 616 1.75 «1792E+04 .B276E~-03
- 6.84 382.9 .1724E+07 1.307 «613 1.67 « 1832E+04 ,B134E-03
. WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
3 LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
2 XLind ([F) (psia) (Btu/lbl [1b/¢t—-s) (Btu/s~-ft] [Btu/lb=-R) [1b/+t3)
v +14 -109.5 4046.7 262.176 +S1B84E-04 ,19842E-04 « 8265 21.29%5
2 +97 -102.3 4018.2 26B.1%0 «3103E-04 .197S0E-04 « 8303 20.925
v 1.91 =89.4 3966.0 279.048 «294BE~04 ,1910BE-04 « 8391 20,241
> 4,16 =72,7 3897.2 293.201 .2744E-04 ,17989E-04 . 8533 19,333
& 5.02 =59.,2 3839.s 304.875 .2581E-04 ,17129E-04 8662 18.573
#0710 -48.5 3794.3 314,121 «2457E~04 , 16464E-04 8737 17.967
I (‘ 84 ~-40.3 3I758.4 321.435 «2362E-04 ,15959E-04 . 8827 17.483
4 CALC. CHECK: Wattmeter Qe =13.18Ckw) Bensible Qs ®13.84Lkw) Qerr = S,0&Y%
&+ Meas. V = 7,453 fvolte) Calc. V = 7.455 [volts) Verr = «031%
7] Meas. I =1747.9 Camps) Calc. 1 =1767.3 Ctamps) lorr = s O3%
2 Meas. Tout = 33,4 [F) Calc. Tout = ~37.3 [F) Terr = 3,4 [F3
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METHANE HEAT TRANSFER INVESTIGATION F Poor QUALITY

CASE = S5-18-3C TIME = 14:39:19 TURE L = 7.02 Cinl # OF TC = 7

5 (abme =16.37 kel
+ T u/e==109.7 (F) T d/e= -13.6 [F)
T in =-112.2 [F] Tout = =21.0 [F)

Vol Flow = 4,09 [GPM) Mass Flow = ,1959[1b/g)

V= B8.788 [volts)
Pin =4299,0 (psial
H in= 259.8

1 =1863.4 [amps] R= 4,72 tmOhms)
Pout = 3431,0 Cpsial

H out = 342.3 [Btu/lb)

Ts

Mass Flux = 44.80[1b/g~in2)

WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
Loc. WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
Xfinl . TLF) TLF1 TCF) TLF) TLF) [psial [Btu/s-in#s2)
_ «14 1.9 120.0 113.0 109.3 -109.0 -106.3 3959.8 B.116 .3J7653E-01
97 13.3 153.9 146.4 142.4 -100.5 -%7.8 3930.0 B8.564 ,3I5647E-01
1.91 26.2 217.3 208.7 204.3 -84.9 -82.0 IB874.8 9.396 .32828BE-01
4.16 S57.0 211.3 20(2.8 198.4 -4£4.8 -61.6 3801.0 9.320 .3IS5B49E-01
S.02 68.8 289.9 280.1 275.1 -48.4 -44.9 3738.2 10.342 .3I2316E-01
6.84 93.7 361.8 350.8 345.3 -25.0 ~-20.9 S3646.6 11.266 .30763E-01
WAL L TUBE RESISTANCE VOL TAGE CURRENT HEAT BGEN. TOTAL HEAT
LOC. SEG DL cCuU MONEL cu MONEL CU MONEL. @ GEN LOSS
XLinl Cinl (eOhms/inl Cvolt/inl [amps] [Btu/s-inl [Btu/s-inl
= - 14 + 3555 «60 11.39 1.05 1771. 92. 1.77 .09 1.86 « 00
97 - 885 «63 11.41} 1.113 1766. 97. 1.86 «10 1.96 =00
1.91 1.595 «69 11.45 1.22 1757. 107. 2.03 «12 2.15 « 00
4.16 1.55%5 69 11.45 1.21 1758. 106. 2.02 «12 2.14 « 00
02 «970 «?77 311.50 1.34 1747. 117. 2,22 «15 2.37 « 00
.10 « 910 .81 11.52 1.41 1741. 122, 2.33 «16 2.49 « 00
6.84 « 550 «84 11.54 1.46 1737. 327. 2.41 .18 2,58 .00 i
B WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
LOC. VEL, NUMBER NUMBER Twall MUwall NUMEBER NUMBER
XLind C[t/s)
«14 318.0 .1296E+07 1.328 8617 2.10 « 166BE+04 .94695E-03
« 97 324.7 .1342E+07 1.305 « 397 2.09 «1359BE+04 .9128E-03
1.91 338.3 .1433E+07 1.298 « 9565 2,01 »1541E+04 ,B8287E-03
4.16 358.2 .1564E+07 1.307 « 600 1.84 «1812E+04 ,.B857E-03
5.02 377.1 .3168B8E+07 1.310 « 560 1.73 «1735E+04 ,7B41E-03
6.10 393.9 .1795E+07 1.311% - D48 1.64 «1771E+04 ,752BE-03
6.84 408.7 .31887E+07 1.304 « 540 1.54 « 1802E+04 ,7319E-03
WNALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
Xtind) (CF) Cpsial (Btu/lb) Lib/ét~-s) (Btu/s-¢t) [Btu/1bdb-R) [1b/$t3)
«14 ~-109.0 39%59.8 262.452 ,3165E-04 ,19770E-04 « 8298 21.197
97 ~100.5 3630.0 269.548 .30S6E-04 ,19549E-04 «8348 20.757
= 4,16 =-464.8B 3801.0 299.961 .2619E-04 . 17332E-04 «B648 18.818
- 5,02 -48.8 3738.2 314.381 .2428E-04 . 16320E-04 «8806 17.874
" 10 =35.4 3687.7 326.029 .22B4E-~04 ,15S27E-04 «8911 17.109
! K B4 =25.0 3646.8 335.433 . 2173E~04 . 14954E-04 + 8980 16.49}
" CALC. CHECK: Nattmeter Qe =146.37(kw) Bensible Qs ®17.0Slkw) Qerr = 4,14Y
» Meas. V = 8,777 [volts) Calc. V = 8.788 fvolts) Verr = ,117%
Meas. 1 =1865.6 Lamps) Calc. 1 =18643.4 [amps) lerr = «12%
Meas. Tout = «17,.3 tF3 Celc. Tout = =21,0 (F) Terr = 3,7 (F)
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METHANE HEAT TRANSFER INVESTIGATION

i CASE = 5-18-4A TIME = 15:38:00

TUBE L = 7.02 [in) ® OF TC= 7
R
o (2%5.. *14.13 [KWe) I =1864.6 [amps) V = 7,575 tvolts) R= 4,046 tmDhms)
P T u/e==113.3 [F] T d/e= -37.6 CFJ Pin =4500.0 Ipsial Pout = 3492.0 Cpsial
T An ®~116.3 [(F) TYout = =45.0 CF) H in= 254.5 H out = 320.4 [Btu/1b)

.

Vol Flow = 4,53 LGPM) Mass Flow = ,2199[1b/s) Mass Flux = 52.53tlb/s-1n23

it = P
ot 262

WALL X/ID OUTER

- INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
v LOC. WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
f;é XLind) . TLF] TLFY TLF) TLF2 TIF) (psial (Btu/s-inex2)
) «14 1.9 72.4 66.2 62.8 -113.7 ~-110.5 4082.1 7.492 ,43241E-01
it 97 13.3 1.5 8%.0 61.4 ~-106.8 -103.4 4047,1 7.747 .41922E-01
. 1.91 26.2 124.4 117.4 113.5 =94.3 -90.8 3982.7 8.184 .400S3E-01
t 4.16 S57.0 111.9 105.1 101.3 -78.6 -74.8 3898.0 8.020 .4553BE-01
jh S.02 68B.8 172.8 165.0 160.8 -45.8 -61.7 3827.1 8.824 .39657E-01
{% 6.10 B3.6 190.¢6 182.5 178.2 -55.7 -%51.4 3771.5 ®.060 ,3I9455E-01
|{ 6.84 93.7 197.4 189.1 184.8 =47.9 -43.5 3727.0 9.149 ,40081E-0%
| ¥
By
Tg WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
3 LOC. SEG DL cu MONEL cu MONEL CuU MONEL @ GEN LOSS
I X0in) [in)  C[mOhms/in] Cvolt/ind Lamps) (Btu/s~in) [Btu/s-in]
; ? - 14 «S5S «S5 11,37 « 97 1779. B86é. 1.64 « 08 1.72 « 00
: «: 097 Dess 057 ‘1.38 1001 ‘776. 89. 1069 QOB 1.78 .OO
? 1.91 1.5%% «60 11.40 1.06 1771. 93, 1.78 « 0% 1.68 « 00
L 4,16 1.5%5% «S9 11.39 1.04 1773. @91, 1.75 .09 1.84 « 00
&E 22 « 970 «65 11.43 1.15 1764. 100. 1.91 «11 2.02 « 00
Y .10 « 910 «67 11.44 1.18 1762. 103. 1.96 «11 2.08 <00 '
] é&.84 « 350 + 67 11.44 1.19 1761. 104, 1.98 « 12 2.10 « 00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
LOC. WVEL. NUMBER NUMBER Twall MUwall NUMBER NUMEBER
X[ind) [$t/s)
«14 351.4 .1509E+07 1.215 o682 1.80 «1B833E+04 ,9994E-03
«97 357.4 .1460E+07 1.315 652 1.97 «1852E+04 ,9444E-03
1.91 369.0 .1530E+07 1.296 - 6368 2.00 «1810E+04 ,9125€-03 j
4.16 385.3 .1641E+07 1.297 « 679 1.85 «2172E+04 ,31021E-02
S.02 400.3 .1743E+07 1.306 « 635 1.84 «1993E+04 _B7S4E-03
6.10 413.3 .1830E+07 1.312 . 633 1.76 « 2064E+04 ,BLO2E-03 |
6.84 424.3 .1903E+07 1.314 « 639 1.71 «216SE+04 ,B8654E-0X !
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
“: LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
= XLin) (F) (psial) (€Btu/lb) [1b/4t-8) (CBtu/s-$t) (Btu/1b-R) C1b/¢t3)
- 14 -113.7 408B2.1% 2568.723 .3049E-04 ,206463E-04 « 8237 21.525%
- 97 -106.8 4047.) 264.488 ,.3152E-04 .19831E~-04 «8274 21.163
—~ 1.91 =64.3 3982.9 274.865 ,300BE-04 ,19390E-04 « 8356 20.501
= 4.16 =78.6 3898.0 28B.187 .2804E-04 ,1B34BE-04 «8494 19.630
E; S.02 =¢5.8 3827.1 299.170 ,2640E-04 e 17434E-04 + 8624 18.896
: /10 =855.7 3771.% 307.936 .2T14E-04 ,16741E-04 « 8732 168. 304
fg 34 -47.9 3I727.0 314.872 .2418E-04 .16219E-04 .8B17 17.82¢9
3
?ﬁ CALC. CHECK: Wattmeter Qe =14.130kw) Sensible Qs =14.82(kw) Qerr = 4.89% '
= Meas. V = 7,607 (volts) Calc, V = 7.57s fvolts) Verr = ,413%
; Meas. I =18%.9 Camps) Calc. 1 =1864.6 Camps) lerr = _41%
¥1-?oos. Tout = «41,.7 tF) Calc. Tout = -45.0 (F) Terr = 3.3 (F)
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METHANE HEAT TRANSFER INVESTIGATION OF POOR QUAL“W'
CASE = 5-18-4B TIME = 15:39:27 TURE L = 7.02 [in) ® OF TC = 7
(C%hse =18.38 [KWe) I =2008.6 [amps) Ve 6§.148 (volts) R= 4.55 [mOhms)

T u/s=-312.6 [F)

T d/s= ~-19,2 [F)

Pin =4443.0 [psiay

Pout = 3T49,.0 [psial

Tin =-115.8 (F) Tout = =26.1 EF) Hin= 256.9 H out = 336.6 [Btu/lb)

Vol Flow = 4,63 [GPM) Mass Flow = ,2240[1b/s) tass Flux = S3,52[1b/s~in2)
WALL X/1D OUTER INTERF INNER FLUID ADIf .. FLUID HEAT h TRANSFER
LocC. WALL WALL VALL BULK WALL T PRESS FLUX COEFFICIENT
XLinl TCFY TIF) T A TLFI TIF2 [psial [Btu/s-in#«2)
.14 1.9 122,6 114.6 $10.2 -112.5 -109.2 4007.6 9.410 .42894E-01 :
+97 13.3 149.8 141.3 136.6 -104.0 ~100.4 3I969.9 ©9.825 .41444E-01
1.91 26.2 198.2 1188.7 183.7 -88.%5 =-84.7 3899.6 10.559 .3I93I40E-01
4.16 57.0 180.8 171.7 166.8B =-68.8 =-64.7 3806.0 10.299 .4449BE-01
S.02 68.8 271.0 260.1 254.5 -52.8 =-48.3 3726.2 11.658 .3B49LE-O1
6.10 B83.6 3I03.3 291.8 285.9 =-40.0 =35.2 3662.0 12.138 .3I7799E-01
6.84 93.7 3I19.5 3I07.7 301.7 =-30.0 =24.8 3609.7 12.380 ,37919E-01
WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
LOC. SEG DL CuU MONEL Ccu MONEL CU MONEL @ GEN LOSS
X£inl (Cin) (mOhms/in) (Cvolt/inl Camps) (Btu/s-inJ) (Btu/s-inl
«14 -1 .59 11.40 1.13 1909. 99. 2.05 «11 2.16 -« 00
<97 .885 62 11.41 1.18 190S. 104, 2.14 -12 2.25 « 00
1.91 1.595 67 11.44 1.27 1897. 111. 2.29 «13 2.42 « 00
4.16 1.855 «65 11.43 1.24 1900. 109. 2.23 .13 2.3 .00
02 «970 <74 11.49 1.40 18686. 122, 2.51 <16 2.67 « 00
.10 «910 .78 11.51 1.46 1881. 127, 2.61 .18 2.78 -« 00
6.84 - 550 79 11.52 1.49 1879. 130. 2.66 .18 2.84 .00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
LOC. VEL. NUMBER NUMBER Twall MUwall NUMBER NUMBER
Xfinl C€t/s)
«+14  360.0 .1SS3IE+07 1.210 .609 2.00 «1B22E+04 ,94693E-03
«97 367.7 .1S0BE+07 1.311 <897 2.12 «1B41E+04 ,.9313E-03
1.91 382.9 .1611E+07 1.294 «S77 2.01 +1818BE+04 ,B8719E-03
4.16 405.0 .1762E+07 1.304 « 624 1.86 « 2217E4+04 .964BE-03
S.02 426.1 .1902E+07 1.314 « 370 1.76 «204SE+04 _.B818SE-03
6.10 445.2 .2027E+07 1.315 e 963 1.67 «2112E+04 ,7924E-03
6.84 461.8 .21337.407 1.311 «565  1.59 «2201E+04 ,7871E-03
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY  HEAY
XLinl ([F) (psia) ([Btu/lbl [1b/ét-s) ([Btu/s-¢t) CBtu/lb-R]) L1b/$t3)
«14 ~112.5 4007.6 259.547 .3019E-04 .20626E-04 ,B268 21.409
+97 =104.0 3969.9 266.692 .3110E-04 .19721E-04 .B31S 20,962
i 1.91 =88.5 36899.6 279.751 .2910E-04 .1895S6E-04 ,.B431 20,129
.| 4.16 =68.8 3804.0 296.530 .2661E~04 .175B4E-04 .B8618 19.028
. S.02 =52.8 3I726.2 310.591 .2464E-OA .16487E-04 .8788 18,085
‘10 =~40.0 3I642.0 322.031 .2313E-04 .1567BE-~-04 «8913 17.310
(L 84 -30.0 3609.7 331.169 .2196E-04 .15089E-04 « 9001 16.688
. CALC. CHECK: Wattmeter Qe =18.38lkw) Gensible Qs =18.05(kw) Qerr = 2,5%9%
., Neas. V = 9,148 [volts) Calc. V = §.148 [volts) Verr = ,222%
’  Heas. 1 =2004.2 famps) Calc. I =2008.6 Camps) lerr = 22y
fj Meas. Tout = <23.9 (F) Calc. Tout = =26.1 (F) Terr = 2.2 [F)
-
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CASE = 5-21-14

" (Gebse =13.18 tkwed

T u/e=-123.4 [F)
T in ==127.6 (F)

METHANE HEAT TRANSFER INVESTIGATION
TIME = 310:45:08

1 =1866.4 [amps)

T d/e= =59,0 [F)
Tout =

Vol . Flow = 5,31 [GPM)

WALL
LoC.
XCtinl
.14
« 97
1.91
4,16
S.02
6.10
é6.84

WALL
LocC.
Xlinl
.14
97
1.91
4.16
22
010
6.84

WALL
LocC.
Xfin)
« 14
«97
1.91
4.16
S.02
6.10
6. 94

WALL
LocC.
XLlin)
.14
« 97
1091
4,16
S.02

C be

CALC.

Meas. V = 46,918 [volts)
Meas. 1 =1904.4 Camps)

Meas.

X/1D

1.9
13.3
26.2
S7.0
é8.8
83.6
93.7

TUBE
SEG DL
finl
8 -1-1-1
.88%5
1.8995
1.55S
« 970
«910
« 950

FLUID

VEL.

($t/s)
412.7
418.6
429.7
445.3
459.5
471.95
481.7

FLUID
TEMF,
tF
-125.5
-120.0
-$8.0
-B88. 1
-80.S
-74.95

CHECK:

Tout =

-72.3

Mass Flow = ,2628(1b/s)

tFJ

TUBE L =

Ve

7.02 [inl

Mass Flux =

6.984 [volts]
Pin =44268.0 [psial
H in= 244.6

® OF TC =

Pout = 3400.0 [psial
H out = 301.5 [Btu/lb)

7

R= 3.70 (mOhmsl

62,79l1b/g-in2)

OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFER
WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
TIFI TCF)Y TIF) TIF) TIF] Cpsial [Btu/s-in#s2)
36.6 30.9 27.6 -125.5 -121.0 3843.9 7.169 .4B237E-01
46.1 40.2 36.9 ~120.0 -115.4 3797.7 7.299 .47939E-01
70.4 é4.1 60.6 -110.2 -108.5 3712.8 7.632 .45943E-01
109.0 102.1 $6.3 -88.1 -82.8 3508.7 8.158 .A4S064E-01

120.7 113.6 109.7 -80.5 -74.9 3436.7 8.319 .45068E-01

131.4 124.1 120.1 -74.5 -68.8 3379.4 8.464 .44B03E-01

RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
Cu MONEL Cu MONEL Cu MONEL @ BEN LOSS
CmOhme/in) (volt/inl C[amps) C(Btu/s-inl [Btu/s-inl
51 11.34 92 1805. 81. 1.57 « 07 1.64 «00
«S2 11.35 «94 1804. B82. 1.60 « 07 1.67 - 00
«54 11.36 <98 1800. B8e6. 1.67 .08 1.7S « 00
<S4 11.36 « 96 1801, 8S. 1.65 .08 1.73 « 00
«S8 11.39 1.05 1794. Q2. 1.78 « 09 1.87 « 00
«60 11.39 1.07 1793. 94, 1.81 .09 1.91 «00
«61 11.40 1.09 1791. 95. 1.684 «10 1.94 « 00
REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
NUMEER NUMBER Twall MUwall NUMBER NUMBER
« 1694E+07 1.290 « 686 1.75 « 2028E+04 ,.927BE-03
« 1759E+07 1.270 - 684 1.76 «20S1E+04 .9182E-03
« 190SE+07 1.220 « 672 1.78 *«2026E+04 ,.B8716E-03
« 1897E+07 1,321 « 706 1.78 «2419E+04 G4LSAE-03
« 2008BE+07 1.323 ' 666 1.91 «2201E+04 ,B8290E-03
«2101E+07 1.329 « 666 1.87 «2285E+04 ,.B1B2E-03
FLULID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
PRESS VISCOSITY CONDUCTIVITY HEAT
(psial (Btu/lb) [1b/¢ét~8) ([Btu/s-$t) tBtu/ib=-R] [1b/¢t3)
3843.9 248.322 .3246E-04 .20835E-04 » 8280 21,908
X797.7 252.879 .3127E-04 .20474E-04 <8315 21.603
3712.8 261.023 ,288B7E-04 .1984BE~-04 « 8395 21.044
3601.5% 271.473 .2899E-04 .18711E-04 8525 20,305
3508.7 280.074 ,2740E~04 .1793SE-04 « 8658 19.679
3436.7 2846.849 .2618E-04 .17281E-04 «8772 19.177
3379. 4 292,203 .2S24E-04 .16760E-04 .8875 18.772

Wattmeter Qe =13.18lkw) Sensible Qs =15, 23(kw)

-64,2

Calc. V = 6.984 [volts) Verr = ,957%
Calc. 1 =1886.4 Camps) lerr = « 9%
(F) Calc. Tout = =72,3 (F) Yerr = @8.1 [F) ,
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i ORIGINAL FA7 . W
0. METHANE HEAT TRANSFER INVESTIGATION OF POOR QUALITY

CASE = &-21-1B TIME = 10:46:34 TUBE L = 7.00 [in) *® OF TC = 7

(ﬁhble =19.73 [KWe)
T u/s=~117.5 [F]
Tin ==121.2 [F)

1 =2077.9 Lamps] V = 9,492 fvolts)
T d/s= =22,.2 (F) Pin =4395.0 [psia)

Tout = -33.0 [F) H inw 252 1
Mass Flow = ,2423[1b/s)

R= 4,%7 tmOhms?
Pout = 3432.0 [peial
H out = 334.2 (Btu/lb3

N, Vol Flow = 4,94 tGPM3 Mass Fluy = S7.8901b/8~in2)

WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
Loc. WALL WALL WALL BULK ®ALL T PRESS FLUX COEFFICIENT
Xlin) TIF) TLFY TIF) TIF) TIF) (psial [Btu/s-ines2)]
.14 1.9 124.0 11%.4 110.7 -116.0 ~114.1 3890.4 10.062 ,44754E-01
«97 13.3 150.8 141.7 136.8 ~109.5 ~105.4 3847.2 10.498 ,43351E-01
Cor 1.9 26.2 198.9 186.8 183.5 -94.2 -§9.9 3766.3 11.279 «41261E-01
A 4.16 S$7.0 1BS.4 175.6 170.4 -7%.0 =~70.2 3658.3 11.062 .45979g-01
it S.02 68.8 280.3 268.5 262.5 -59.3 -54.1 3566.1 12.585 « I9754E~01
_ { 6.10 83.46 318.1% 305.6 299.2 -46.6 -41.0 3491.5 13.184 « I87S0E-01
_— 6.84 93.7 348.8 33%.4 329.0 ~36.7 -30.7 3431.3 13.670 « S7999E-01
Y
. WALL TUBE RESISTANCE  VOLTASE CURRENT  HEAT GEN. TOTAL  HEAT
533 LOC. SEG DL cCu MONEL Ccu MONEL Cu MONEL @ GEN LOSsS
g'i XLinl (inl (mOhms/in) tvolt/in) (amps) (Btu/s-inl (Btu/s-inl
Y .14 « 35S .59 11.40 1.17 1975. 103. 2,19 11 2,31 « 00
o; 97 «88% b2 ll.‘l 1.22 ‘971. 107. 2. 28 12 2. 41 « 00
i 1.91 1.595 «67 11.44 1.31 1963. 115, 2.44 .14 2.59 « 00
& 4.16 1.555 66 11.43 1.29 196S. 113. 2.40 14 2.54 + 00
3 N2 «970 75 11.49 1.47 1950. 128. 2.71 .18 2.89 « 00
z" | S 10 .910 .79 ll.SI ‘.54 ‘9450 1330 2.83 .iq 3002 .00
;T;”;’f 6084 .530 082 11.53 !.59 ’940. ‘38. 2-93 021 3. 13 .00
1
Y WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
v LOC. WVEL, NUMBER NUMBER Twall MUwall NUMBER NUMEER
© XLind [ft/sd
) - 14 386.4 .1628E+07 1.255 « 399 2.09 «1905E+04 ,9324E-03
: «97 394.6 .1619E+07 1.332 « 387 2.16 +1936E+04 ,.B8979E-03
1.91 410.9 .1737E+07 1.307 « 568 2.05 «1912E+04 _B424E-03
S.02 458.3 .2070E+07 1.327 « 35S 1.78 «2126E+084 ,7741E-03
6.10 479.4 .2214E+07 1.334 « 544 1.68 «2190E+04 .7419E-03
6.84 497.9 .233LE+07 1.33& « 336 1.59 « 2244E+04 ,7189E-03
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL. SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
X(ind) F) (psial) (Btu/ib) [1b/¢t-8) [Btu/a-+t)3 EBtu/lb~R) [1b/¢t3)
14 -118.0 3890.4 254.746 .311%E-04 «205SB81E-04 8290 21.578
97 ~109.5 3I6847.2 261.803 ,3132E~04 «19618E-04 8339 21.128
4.16 =75.0 3638.3 291.379 .2657E-04 « 17S25E~-04 <8671 19.1389
S.02 -59.3 334,13 3035. 335 . 2450E-04 «16379E-04 .8870 18,192
‘10 ~=46.6 3491.% 316.781 .2291E-04 « 15S00E~-04 «9022 17.389
(88 -36.7 34313 323 876 +2171E-04 .14B834E-04 .9130  16.74s
CALC. CHECK: Wattmeter Qe =19, 73Ckw) Sensible Qs =20,.98[kw) Qerr = 4,37%
Hees. V = 9.379 (volts) Calc. Ve 9.492 tvoltes) verr = 3,.212%

' “‘TW}-\A‘;\'A* A3,

1 =2103.2 Camps)

Tout =

'2706

(F)

s aBas o S.B b

AR R AT L RAS =S i =

Calc. 1 =2077.9 tamps)
Calc. Tout = -33,0 tF)

lerr =
Terr = S.4 [F)

ST L

[}

S ray

—Pcae
°

1.20%




CASE = %-21~1C

, cohbce = 5,25 (KWel
4 T u/s= =4%.0 [F)
i Tin = =47.2 [F)

METHANE HEAT TRANSFER INVESTIGATION

TIME =

T d/as=
Tout =

Vol Flow = 3,92 [GPM)

LocC.
Xfinl
.14
.97
1.91
4.16
S.02
6.10
6.84

¥

1

LS LER I IS RIS DA A

WALL
LOC.
Xlinl
.14
«97
1.91
4.1%
( 02
-..10
6.84

WALL
LoC.
Xfinl
+14
« 97
1.91
4,146
S.02
6.10
6.84

WALL
Loc.
Xtinl
« 14
97
1.91
4.16
S.02
10

CALC.
Meas.
Meas.
Meas.

IR YN SN S U S Vo SO PP CH s s AU 0, RPA AN S bt RSP o3 NN 1 n e ”';; ““—f‘*—qﬁ‘—m-,-’:z;-;’: -
. [ et e S LA R T g e

WALL X/1D OUTEK

CUON -
®NEu-
MoNUS

83.6
93.7

TUBE
SEG DL
Lin)

«S5S

. 885
1.595
1.555

« 970

910

« S50

FLUID

VEL.

Lft/s]
304.4
307.4
312.9
320.3
326‘ 6
331.6
335.7

FLUID
?Em.
tF)
-6£5.9
-62.3
=56.9
=4%.0
-42.9
-38.3
-34.7

CHECK:

Tout =

P

tass Flow = ,1714[1b/s) Mass Flux = 40.95[1b/g-{n2)
INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
TCF) TIF) TIF) TLF) TLFJ Cpsial (Btu/s~inesl)
37.1 34.6 33.2 =49.0 ~44.4 4109.4 3.061 .3IB477E-01
S4.1 S51.5 S0.0 —42.9 -40.2 8066, 5 3.161 ,.35041E-01
37.9 SS.3 S53.86 -38.3 -35.5 4033.9 3.184 ,3IS56S9E-01
65.2 62.95 61.0 -34.,7 -31.9 4008.3 3.227 ,.34751E-01
RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
cu MONEL cu MONEL CU MONEL @ GEN LOSS
{mOhms/in) Lvolt/in) Lamps] [Btu/s-inl (Btu/s-inl
«S1  11.34 «S9 1165. S2. «6S .03 + 68 «00
«S1 11.34 « 60 1165. S3. « b6 .03 « 69 + 00
eS2 11.34 .61 1164. Sa, « 67 .03 «70 « 00
«S2 11.34 b1 1164. 54, 67 « 03 « 70 .00
eSS4 11.35 «63 1162, S5, « 69 «03 72 « 00
<94 11.38 «63 1162. 86, «70 03 73 .00
S5 11.36 b4 1161. Seé. «71 .03 - 74 « 00
REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT ETANTON
NUMBER NUMBER Twall MUwall NUMBER NUMBER
« 1317E+07 1.271 «822 1.38 «1747E+04 ,1044E-02
« 1334E+07 1.274 «822 1.39 «1776E+04 ,1045E-02
« 1363E+07 1.279 817 1.4 »175SE+04 ,1007E-02
+« 1801E+07 1.282 -833 1.37 «1975E+04 ,1100E-02
« 1433E+07 1.2€62 818 1.42 - 1827E+04 ,9945E-03
-« 1457E+07 1.287 - 821 1.41 - 18B9E+04 ,1007E-02
+ 3477E+07 1.281 .B16 1.43 «1BT1E+04 ,97B1E-03
FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
PRESS VISCOSITY CONDUCTIVITY HEAT
(psia) (€Btu/ibl C1b/¢t-s) (Btu/s-ft) (Btu/lb=-R) [1b/¢t3)
4225.1 299.207 .2724E-04 .17969E-04 8384 19.372
4202,5 302.120 .2690E-04 .17737E-04 .8411 19.184
4161.9 307.160 .2633E-04 ,17436E-04 - 8470 18.847
4109.4 S13.611 .2861E-04 .1706BE-04 8544 18.411
40646.5 318.647 .2B04E-04 .146801E-04 «8604 18,054
4033.9 322.834 .2442E-04 .16535E-04 8644 17.782
4008.3 325.959 .2429E-04 ,16447E-04 «8676 17.867

Nattmeter Qe =
V= 4,142 tvolts)
1 =1247.4 Camps)

-29.0 (F)

10:42:47

TUBE L »
1 =1217.4 Campsl

LS

or

7.02 [in1]

V =

Fin =4%09.0 (psial

. nH

E
Y

/]
v

H in=s 268,31

S.23Ckw] Sensible Qs = 5,930 kw)
Calc. vV = 4.312 [volts)
Calc. 1 =1217.4 Camps)
C.lc. YOUt - -:303 (FJ

lerr =
Terr =

LS -

—hh e G Y

4.312 [volts]

H out = 330.9 [Btu/ib)

Verr = 4,098Y%
3,94,
4.3 [F)

‘.‘LJ:J)': '

e
-

® OF TC = 7

R = 3.%4 [mDhms)
Pout = 3937.0 [peia)

Qerr = 12,96

w
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DRIGIMEAL T2 o
METHANE HEAT TRANSFER INVESTIGATION OF PO Y
CASE = 5-21-24 TIME = 11:24:%5) TUBE L = 7.02 [in) ® OF 7C = 7

1 =1894.1 Camps)
T d/a= -45,3 [(F)
Tout = ~73.5 tF)

Ve £.849 [volts)d
Pin =43968.0 [psia)
H in= 24%5.3

o (Gubse =13.03 [kWe)
BT u/sm-125.1 [F)
T in =~129.2 [F)

3.62 tmOhme)

Pout = 3244,0 [psial
H out = 204,0 [(Btu/lb)
Vol Flow = 5,231 (GPM) tass Flow = ,2%85(1b/s)

Mass Flux = 61.76(1b/a~in2)

WALL X/ID OUTER INTERF INNER FLUID ADIAE., FLUID HEAT h TRANSFER
Loc. ' WALL WALL WwALL BULK WALL T PRESS FLUX COEFFICIENT
Xfinl TLF) TLF) TtF2 TIF) TI(F) (psial [(Btu/s~ines2)
«14 1.9 6.8 21.2 17.9 =127.0 ~-122.7 3633.9 7.103 .B0S06E-01
«97 13.3 36.1 30.3 27.0 -3121.4 -117.0 3789.0 7.232 .%50207E-01
1.9 26,2 58.9 S52.8 49.3 ~111.6 -107.1 X706.9 7.348 ,4826%9E-01
4.16 57.0 S1.0 45,0 41.6 =99.3 =94.4 3599.2 7.440 ,.S4720E-01
- S.02 e68.8 95.8 8%9.0 65.3 -89.4 -84.2 3509. 6 8.058 .47531E-01
i é.10 B83.6 105.9 99.0 95.1 -81.7 ~76.3 3440.1 8.198 .47807E-01
’ ; 6.84 93.7 118.0 110.9 104.9 =-75.7 =70.2 33684.86 8.364 .47215E-01Q
WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
LOC. SEG DL cCu MONEL cu MONEL CuU MONEL @ GEN LOSS
Xtin) (in) (aOhms/in) Cvolt/in) Canmps] (Btu/s-inl (Btu/s-in)
.14 « S35 eSS0 11.34 « 91 1816. 80. 1.56 .07 1.63 « 00
- 97 .85 «31 11.34 92 1815. 81. 1.59 <07 1.66 « 00
1.91 1.595 «S3 11.3% 96 1811. 8S5. 1.6% .08 1.73 « 00
4.16 1.55% «S2 11.35 « 95 1812. 86a4. 1.63 .08 1.71 «00
2 « 970 «S7 11.38 1.03 18046. 90. 1.76 .09 1.85 .00
.10 «910 «58 11.39 1.05 1804. 92, 1.79 « 09 1.88 « 00
6.684 « 850 39 11.3¢9 1.07 1802, 94, 1.82 .09 1.92 « 00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
LOC. WVEL. NUMBER NUMBER Twall MuUwall NUMBER NUMEBER
XLin) Cét/s)
.14 404.8 .1465SE+07 1.296 697 1.70 «211BE+04 ,987SE-03
.97 410.5 .1718E+07 1.277 « 695 1.72 «2143E+04 ,97B0E-03
1.91 421.3 .18%52E+07 1.232 « 684 1.74 «2124E+04 ,9314E-03
4.16 436.6 .1BS6E+07 1.322 719 1.73 «2553E+04 ., 10840E-02
S.02 450.4 . 1964E+07 1.322 « 680 1.87 «2310E+04 ,B8900E-03
6.10 4562.1 .2054E+07 1.329 - 681 1.684 «2414E+04 ,BBAVE-03
6.84 471.9 .2130E+07 2,336 . 678 1.82 «28T7E+04 ,B633E-03
WALL FLUID FLULID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
XCin) CF) Cpsial) (CBtu/ld) [1b/ét-a) [Btu/s-¥t) (Btu/lb-R) L1b/¢t3)
14 -127.0 3833.9 247.026 ,.3269E-04 .20894E-04 «8281 21.974
97 ~121.4 378%.0 251.620 .31B4E-04 .20527E-~04 «-8311 21.668
1.91 -111.6 3706.9 259.809 .2921E-04 .19912E-04 «B8391 21.110
4.16 =99.3 3I%99,2 270.318 .291SE-04 ,1B8779E-04 «8518 20,372
-89.4 3509.6 276.961 .27S4E-04 ,1B8022E-04 8646 19,748
-81.7 3440.1% 285,756 .2634E-04 ,17347E-04 +875% 19,24%
-75.7 3384.8 291,121 .2540E-04 ,16B31E-04 «88%S4 18.647
CHECK: Watteeter Qe =13.03fkw) Gensible Qs ®13.84lkw) Qerr = ¢&.25%

V= 6,783 tvolts)
1 =1920.2 tamps)
Tout = «%0.3 tF)

Calc. V = 6.869 tvolts)
Calc. 1 =1896.1 (amps)
Calc. Tout = -73.3 (F)

lerr =
Terr =

Verr = §,274%
1.26%
3.2 tF)

: s e = . e T
e e e S N a2, T T e S N s ot o e e
' N Toul, N L

. SIS R Y S IR S S e S
-*—ikb—hQ‘JT*Jm L e L A S Y U T SO ..




METHANE HEAT TRANSFER INVESTIGATION

CASE = %-21-2B

K (bkbs- =17.48 [KWe)
T u/s=-121.8 (F)
T in =-125,.6 [F)

Vol Flow = 5,05 [GPM)

Tout =

TIME = 311:25:54

WALL X/ID OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFEKR
Loc. WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
Xlinld TIF) YLF) TLF) TIF TLF) (psial (Btu/s-ines2)

«14 1.9 83.7 76.1 71.8 -122.7 ~-118.7 38%50. 1 9.202 ,.48296E-~01}
1.91 26.2 138.0 129.3 124.6 -101.9 -97.4 3724.4 10.07% .453S4E-01
4.16 57.0 123.5 115.1 110.% -85.1 ~-B0.3 3615.9 9.842 .S51%B1E-01
S.02 68.8 195.% 185.7 180.5% =-71.5 =66.3% 3524.3 10.986 .44509E-0}
6.10 B83.6 216.8 206.6 201.2 -460.8 -55.3 J451.6 11.32% +44143E~-01
6.84 93.7 234.2 225.6 220.0 «~82.4 =46.6 3392.7 11.626 .43407E-01
WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
LOC. SEG DL cCu MONEL Cu MONEL CuU MONEL @ BGEN LOSS
Xtind (Cinl (mOhms/in) Cvolt/in)d Camps3 (Btu/s-inl (Btu/s~-in)

.14 « 5585 eSS 11.37 1.08 1959. 95, 2.01 .10 2.11 - 00

« 97 . 885 «S7 11.38 1.12 1957. 98. 2.07 «10 2.17 .00
1.91 1.595 «61 11.41 1.19 1951. 104. 2.19 12 2.31 <00
4.16 1.55% 39 11.40 1.16 1953. 102, 2.18 - 11 2.26 .00

02 « 970 67 11.44 1.29 1942, 113. 2.38 .14 2.52 .00

+10 « 910 69 11.45 1.33 1938, 116. 2.A45 « 15 2.60 « 00
6.84 « S5C e71 11.46 1.37 193S. 119, 2.51 + 15 2.67 « 00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbUl k/ NUSSELT STANTON
LOC. WVEL. NUMBER NUMBER Twall MUwall NUMBER NUMEER
XLin) [$t/s)

« 14 393.3 .1630E+07 1.279 « 634 1.99 «2043E+04 ,9794E-03

97 400.6 .1718E+07 1.245 « 628 1.98 +2049E+04 ,957SE-03
1.91 415.1 .1740E+07 1.318 «613 2.09 « 2074E+04 ,9040E-03
4.16 4346.0 .1894E+07 1.316 « 657 1.92 « 250BE+04 , 1004E-02
S.02 455.6 .2037E+07 1.326 « 607 1.85 «229BE+04 ,B%508E-03
é6.10 473.0 .2162E+07 1.33s « 604 1.78 e 2396E+04 ,B29BE~03
6.84 488.0 .2246BE+07 1.344 « 399 1.70 « 2466E+04 _B0%0E-03
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
Xtind €F) fpsial ([Btu/lb) [1b/¢t-s) (Btu/s~¢t) [Btu/lb-R) L1b/¢t3)

14 -3122.7 3850.1% 250,640 .3197E-04 .20712E-04 « 8289 21.779
1.91 -101.9 3I724.4 268.127 .2995E-04 ,191S9E-04 - 8434 20, 633
4.16 -85.1 3615%.9 282.614 .2751E-04 .1B801SE~04 <8616 19.643
S.02 -71.5 3324.3 294.617 ,255BE-04 . 316964E-04 «8795 18.799
‘10 =-60.8 3431.4 304.274 .2410E~04 .16136E~04 « 8943 18. 109

( 84 -52.4 3352.7 S11.955 .2298E-04 .15492E-04 « 9043 17.552
CALC. CHECK: Wattmeter Qe =17.4Blkw) SBensible Qs =17.97(kw) Qerr = 2.82%
Meas. V = 8.452 [volts) Cealc. V = 8.505 [volts] Verr = . 623% '
Meas. I =2047.3 Camps) Calc. 1 ®=2054.7 Camps) lerr = e 62%
Meas. Tout = «47,2 CF) Calc. Tout = -49.2 (F) Terr = 2.0 CF) ,
- _ ottt R e e ~-

I =2054.7 Lamps)
T d/s= ~42,0 (F)
-49.2 [F1]

Mass Flow = ,2489[1b/s)

ERREEE o SN SR I ol YT T oy et PRSP
O,

. G v

TUBE L =

Pin =4378.0 [psial
H in= 248, 3

7.02 [in] # OF TC = 7

V= B.50% [volts] R= 4,14 (mDhme)

Pout = 3272.0 [psia)
H out = 316.7 (Btu/ib)

Mass Fluy = S59.48[1b/a~in2)
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HETHANE HEAT TRANSFER INVESTIGATION
CASE = 5-21-3A TIME = 31214240 TUBE L = 7,02 [in) ® OF TC = 7
e (Ekb-. =16.75 [KWe) 1 =2029.1 [amps] V = ©.25% [volts) R = 4,07 [mOhms)
v T u/e=-118.9 [F) T d/a= —-42,2 (F) Pin =44146,0 [psia) Pout = 327%,0 (peia)
s T An =—323,0 [F) Tout = ~82,0 [F) Hin= 250,% H out = X146.4 [Ftu/ip)
Vol Flow = 5,23 [GPM) Mass Flow = ,2545[1b/w) Mans Flux = 41,29[1b/g-in23
WALL X/1ID OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFER
. Loc. ' WALL WALL WALL BULK WALL T PRESS FLUX COEFFJICIENT
. XLind) TLF2 TLF) TCF) TIF) TIF) Cpsial (Btu/s-ines2)
; 14 1.9 82.0 74.6 70.5 -120.3 ~116.0 3853.6 B.958 .4805SE-01
. 97 13.3 95,31 87.5 83.2 -113.2 -108.8 3807.4 9.164 «47724E~01
- 1.91 26,2 13128.2 119.9 11%.4 -300.8 =96.0 3721.5 9.680 .45794E-01
4.16 S57.0 114.1 106.1 101.7 <-BS.1 =80.0  34607.6 9.463 .%2088E-01
S.02 8.8 178.1 168.8 163.9 =72.5 <=467.0 3511.8 10.458 .45283E-0)
6.10 B3.6 197,46 18B.0 182.9 -&2.6 -56.8  3436.2 10.758 .44883E-01
'+ WALL  TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL  HEAT
-+ LOC. ©SEG PL Cu MONEL cu MONEL Cu MONEL @ GEN LOSS
' XEind [in)  (mOhms/ind Cvolt/in) Lamps] (Btu/s-inl) [Btu/s-in)
- «14 « 35S oS5 11.37 1.07 1935. 94. 1.96 10 2,05 « 00
;; 97 .88S «S7 11.38 1.09 1933. %&. 2.00 «10 2.10 « 00
'+ 1.91 1,595 «60 11.40 1.15 1928. 101. 2.11 .11 2,22 « 00
> 4,16 1.5%55 «358 11.39 1.13 1930, 99, 2.06 «11 2,17 « 00
- 2 « 970 «65 11.43 1.25 1920. 109, 2,27 13 2.40 « 00
;; 10 . 910 «67 11.44 1.28 1917, 112, 2.33 « 14 2.47 « 00
- 6.84 « 550 «69 11,45 1.3 1914, 115, 2,38 .14 2.52 « 00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbul k/ NUSSELTY STANTON
LOC. VEL. NUMEER NUMBER Twall MUwall NUMBER NUMEER
XLind) L¢t/s)
+ 14  407.4 ,1704E+07 1.269 « 640 1.96 « 2043E+04 ,9453E-03
97 414.8 .1798E+07 1.232 + 638 1.93 « 2069E+04 ,9340E-03
1.91 429.0 .1802E+07 1.317 « 624 2.06 «2100E+04 ,.BB8S0E-03
-~ 4.16 449.5 ,1954E+07 1.317 667 1.89 +2537E+04 ,9BS9E-03
T 8.02 468.6 .2095E+07 1.327 «621 1.86 «233S5E+04 ,.B40IE-O3
6.10 4BS.3 .2217E+07 1.337 618 1.78 «242B8E+04 ,B192E-03
6.684 499.7 .2320E+07 1.345 o615 1.72 «2501E+04 ,.BOI3E-0O3
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
Xtind CF) (psial) (Btu/idb) [ilb/#t-s) ([Btu/s-ft) (Btu/lb-R) [1b/¢t3)
.14 -120.3 3853.6 252.710 .3152E-04 ,20605E~04 8294 21.663
97 =-113.2 3807.4 258.363 .2987E-04 .20208E~04 « 8336 23,280
T 1.91 =100.8 3I721.85 269.093 .2980E-04 «19101E-04 +B443 20,573
4.16 =-B85.1 34607.6 28B2.611 .2747E-04 « 17987E~-04 + 8619 19.6348
S.02 -72.5 3511.8 293.7&6 « 2563E~-04 ,16988E~04 «8794 16.836
* 10 =62.6 3434.2 302.681 .2422E-04 « 16193E-04 8939 18.189
84 -54.9 337%.1 309.774 .23314E-04 ,15%92E-04 « 9064 17.661
CALC. CHECK: Wattmeter Qe =146.75[kw) Sensible Os ®17.84lkw) Qerr = 6,49%
Meas. V = 8.176 Lvoltu? Calc, V = 6.255 (volts) Verr = ,970%
Meas. 1 =2048.8 Camps) Calc. 1 =2029.1 tampsl lerr = 962
Meas. Tout = =~47,7 CF) Calc. Tout = =852.90 (F) Terr = 4.3 (F)
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CASE = S-21-3p

7. (Gobme =23.6% rxwe
i T u/e=-117.6 [F)
IT in =-121.3 (F)

TIME = 1:317:%0

1 =23165.6 Camps)
7 d/s= =8.0 [F3]
Tout = =17.4 (F)

4

Vol Flow = 4.98 [BPM)

TURE L =

Pin =4344.0 [psia)
H ins 251.9

Mass Flow = ,2433[1b/s)

METHANE HEAT TRANSFER INVESTIGATION "

7.02 Cin) ® OF TC= 7

V= 10.920 Lvolts) Rs=

Mass Flux =

WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
Loc. WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
; Xlinl TLF) TLF) TLF) TIF] TLF2 (psial (Btu/s-ines2)
B .14 1.9 164.1 154,0 148.5 -117.6 -113.7 3854.5 11.589 ,44186E-0%
- 97 13.3 199.5 188.6 1862.8 ~107.9 -103.7 380%9.7 12.207 « 82595SE-01
T 1.91 26.2 260.7 248.5 242.1 =-90.2 -85.8 3724.9 13.274 «40485E-01
4.16 S57.0 248.4 236.4 23C¢.2 =-467.8 -62.8 3610.2 13.062 .44575E-01
S.02 68.8 370.4 355.7 348.4 =49.4 ~-43.8 3510.5 15,157 ,3B444E-O1
6.10 83.6 433.5 417.4 409.5 =34.3 =~28.2 3427.6 16.226 .3I7077E-01
6.84 93.7 S01.1 4a83.6 474.9 -22.1 -15.4 3357.7 17.361 .35408E-01
=  WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
= LOC. SEG PL cCu MONEL cu MONEL Cu MONEL @ GEN LOSS
= XLin) ([in3 EmOhms/in) Cvolt/in) Lamps) (Btu/s-in2 {(Btu/s-inl
= «14 - 58S «63 11.42 1.29 2052. 113, 2.52 «14 2.66 « 00
= «97 - 885 67 11,44 1.36 20446, 119, 2.65 15 2.80 « 00
= 1.91 1.595 73 11.48 1.48 2036. 129. 2.86 .18 3.04 .00
= 4.16 1.55%5 72 11.47 1.46 2038. 127. 2.82 .18 3.00 « 00
- ( 02 « 970 .64 11,55 1.69 2019. 147, 3.24 .24 3.48 «00
B we 10 .9’0 .90 11.58 1091 20090 1570 3.‘5 .27 3.72 .OO
6.84 « 850 «97 11,63 1.94 1999, 167. 3. 67 «31 3.98 « 00
- WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbul k/ NUSSELT STANTON
LOC. WVEL, NUMBER NUMBER Twall MUwall NUMEBER NUMEER
Xlin) C$t/s)
«14 388.7 .1644E+07 1.255 « 563 2.15 «1889E+04 ,91%5E-03
- 97 398.2 .1643E+07 1.328 . 548 2.16 «1912E+04 .B876SE-03
1.91 417.8 .1783E+07 1.308 « 527 2.03 «190B8E+04 ,81B84E-03
_ 4.16 447.3 .31990E+07 1.321 « 568 1.84 +2300E+04 ,B874BE-03
- 8,02 476.4 .2189E+07 1.334 « 508 1.66 *«2160E+04 ,7398E-03
6.10 504.1 .2371E+07 1.335 + 490 1.51 « 2209E+08 ,6976E-03
6.84 S306.3 .2531E+07 1.338 -« 868 1.38 «2229E404 L 6S79E~03
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
T LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
XLinl CF) fpsial [Btu/lb) Clb/ft-s) (Btu/s-¥t) [Btu/lb-R3 C1b/¢t3)
14 -117.84 38%54.% 254.946 .3J09BE~04 ,.20491E-04 « 8303 21.835
+ 97 ~107.9 380%.7 263.075 .3100E-04 .19516E-04 + 8361 21.018
1.91 -90.2 3724.9% 278,131 ,2854E-04 ., 1B85SB84E-04 «BS11 20.036
~ #4.16 =47.8 3610.2 297.717 .2559E-04 .169B0E-N§ «B768 18.715
~ 5.02 -49,4 3%30.5% S14.2%51 ,2327E~04 . 13676E-04 - 8987 17.57%
/ 10 <=34.3 3427.6 328.090 .214BE-04 .1470SE-04 « 9143 16.4605
(_ a4 =22.,1 33%7.7 339.545 ,2011E-04 .13914E-~04 « 9259 1S5.785
CALC. CHECK: Wattmeter Qe =23.65Ckw) Sensible Qs =24.42(kw] Qerr = S.26%
Fleas. V = 4,961 Cvolts) Calc. V =10.920 tvolts) Verr sssssany
Meas. 1 =4747.3 Lamps) Calc. ] =2165.6 Camps) lerr = 54,57%
Meas. Tout = =~g4,1 (F) Calc. Tout = =37.4 LF) Terr = 3.3 [F)
s/
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S5.04 [(mOhms)
Pout = 3288,0 [psial
H out = 347.0 [Btu/ib)

S8.13[1b/s-in2)
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| %’ METHANE HEAT TRANSFER INVESTIGATION OF PGLA iy
CASE = 5-21-4A TIME = 2:07:25 TUBE L = 7.02 [in) WOFTC= 7

; (}%ble =19.77 [(KWe) I =2151.7 famps) V = 9,190 [volts) R = 4.27 (mOhms)

T u/s=-133,.2 [F)
T in ==137.8 (F)

T d/s= =45.2 (F)
-61.3 [F)

Pin =4347.0 (psial

Pout = 3157.0 [psia)
H in= 237.7

Tout = H out = 314,2 [(Btu/lb)

vol Flow = S.54 [GPM) Mass Flow = .2789[1b/s) Mass Flux = &66.6501b/s-in23

WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEART h TRANSFER
-y LOC. WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
CL o XEind TLF) TLF) TILF) TLF) TLF) fpsial (Btu/s—in#«2]
3 .14 1.9 96.3 87.8 683.0 -134.9 -130.0 3699.8 10,2646 .4B190E-01
S «97 13.3 115.3 106.4 101.4 -127.5 -122.4 3646.6 10.599 .473IS0E-01
> 1.91 26.2 158.0 148.1 1342.8 -114.0 -108.8 3547.6 11.344 ,4S5094E-01
H 4.16 57.0 141.2 131.7 126.5 =-97.2 =-91.4 3415.9 11.053 .S0722e-01
> 3.02 68.8 225.2 213.9 207.9 -83.7 -=-77.4 IJ04.0 12,505 .43819E-01
6.10 B3.& 2S3I.0 241.1 234.9 =-73.0 =-66.3 3214.2 12.979 .43I0B7E-01
é6.84 93.7 283.4 270.B 264.3 —64.5 -57.6 3141.0 13.497 .41931E-01
WALL TURE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
LOC. SEG DL Cu MONEL cu MONEL CU MONEL © GEN LOSS
Xtinl [([in) CmOhms/inl) ([volt/in) Camps) {Btu/s-in) [(Btu/s-inl
.14 « 355 «S6 11.38 1.15 2050. 101. 2.24 .11 2.35 .00
97 -89S .58 11.39 1.19 2047. 10S. 2.31 .12 2.43 .00
1.91 1.9595 63 11.42 1.28 2040. 112. 2.47 .14 2.60 .00
4.16 1.555 .61 11.41 1.24 2043. 10%. 2.41 .13 2.5 .00
22 970 «6% 11.44 1.41 2029, 123. 2.70 .16 2.87 .00
.10 « 910 72 11.47 1.46 2024, 127, 2.80 .18 2.98 « 00
6.84 « 550 75 11.49 1.52 2020. 132. 2.91 .19 3.10 .00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
LOC. WVEL. NUMBER NUMBER Twall MUwall NUMBER NUMEEKR
XLinl [$t/s)
.14 431.2 .1734E+07 1.328 - 599 2.21 +2000E+04 ,B870SE-03
97 439.2 .18B14E+07 1.307 <892 2.21 «2017E+04 ,BSO09E-03
1.91 455.1 .1988E+07 1,263 « 574 2.12 +2010E+04 ,.B007E-03
: 4.16 478.2 .2073E+07 1.332 «619 2,05 « 243I5E+04 ,BB17E-03
Lo 5,02 S00.4 .2247E+07 1.342 « 563 1.96 «2240E+04 ,7424E-03
_ 6.10 S20.7 .2402E+07 1.358 « 357 1.84 « 2328BE+04 ,7133IE-03
: é6.84 S38.8 .253I7E+07 1.372 «S46 1.75 «2369E+04 ,6B807E-03
"~ WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
e LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
Xtind) CF) (psial (Btu/lb) [1b/¢t-s) ([Btu/s-¥ft) [Btu/lb~-R) [1b/Ft3]
- «14 ~134.9 3I4699.8 240,092 .33I67E-04 .21110E-04 « 8306 22,258
A e 97 =127.5 3b446.6 246.303 .3219E-04 ,20569E-04 «B8349% 21.850
st §.491 =1314,0 3547.6 257.599 .2936E-04 ,196S4E-04 «845) 21.089
E;gj 4.16 =97.2 3418.9 272.125 .2817E~04 .1B247E-04 «8632 20,070
= 5.02 =83.7 3304,0 284,286 .2T96E-04 ,17140E-04 8856 19.178
=, . 10 =73.0 3214.2 294,189 ,2430E-04 ,16216E-04 « 9064 18.431
84 <~64.5 3I341.0 302,091 .2301E-04 ,1355026E-04 « 9242 17.811
.., CALC. CHECK: Nattmeter Qe =19.77(kw) GBensible Qs =22.350(kw) Qerr = 13.79%
—,, Meas, V= §,130 fvolts)l Calc. V= 9,190 [voltsl Verr = ,658%
| Meas. 1 =216%.9 Camps) Calc. I =2151.7 lamps) lerr =  ,66%
rﬁ* Meas. Tout = =31,3 LF] Calc. Tout = -61.3 [F) Terr = 9.8 [F)
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METHANE HEAT TRANSFER INVESTIGATION

' CASE = 5-21-4B.) TIME = 2:08:29 TUBE L = 7.02 [in) ®#OF TC= 7

" (Gebse =25.%2 rKwel

T T u/e=-127,8 [F)
Tin =-131.6 [F)

.

1 =2218.1 [amps]
T d/s= =35.6 [F)
Tout « «=25.1 [F)

V= 11.508 [vbolts)
Pin =4157.0 [psial
H ins 242.8

R= 5,19 [mOhms3l
Pout = 3094.0 [(psial
H out = 342,.0 (Btu/lb)

>
O

= ==

[ &

Vol Flow = 5,07 LGPM) Mass Flow = ,2515C1b/s) Mass Flux =

o=

60.08[1b/s~-in2]

s==rEs

-
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’ WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
. LocC. ' WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
'ﬁ XCind TLF) TLFY TCF) TLF) TLF Cpsial [(Btu/s-in®«2)
b <14 1.9 160.0 149.6 143.9 -126.0 -123.9 I620.1 12.050 .45002E-01
i «97 13.3 203.3 191.9 185.8 -118.2 -113.9 3573.0 12.846 .42862E-01
:K 1.91 26,2 272.3 259.3 252.5 -100.2 -95.6 3483.5 14.099 .40507E-01
y 4.16 57.0 263.3 250.5 243.8 -77.4 -72.2 3361.5 13.937 .4409BE-~01
i S5.02 6B8.8 407.7 391.5 3I83.4 -58.7 -52.9 3254.1 16.523 ,3I786BE-~01
3 6.10 B83.6 490.4 472.3 463.4 -43.1 -36.6 3162.6 17.979 .35955E-01%
i 6.84 93.7 594.3 573.9 563.9 -30.2 =-23.1 3084.1 19.786 .3I3707E-01
f§ WALL TUBE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
&% LOC. SEG DL cCuU MONEL cu MONEL CuU MONEL @ GEN L0Oss
~ % XLinl (Cinl {mOhms/in) (Cvolt/in) CLampsl {(Btu/s-in) [(Btu/s-in)
g - 14 % -3-1 63 11.42 1.31% 2103. 1185, 2.62 .14 2.76 « 00
3 .97 .ess «67 11.44 1.40 2096. 122. 2.78 - .16 2.95 .00
0 1.91 1.595 «74 11.49 1.54 2084. 134, 3.04 « 20 3.23 « 00
> 4.16 1.55S «73 11.48 1.52 2086. 132. 3.01 19 3.20 -« 00
g;% 22 « 970 .87 11.57 1.80 2062. 156. 3.52 27 3.79 «00
1. “.10 «910 «96 11.62 1.96 2049, 169. 3.81 «31 4.12 « 00
%3 6.84 « S50 1.06 11.68 2.16 2033. 18S5. 4.16 .38 4.54 + 00
3. WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
; LOC. VEL. NUMBER NUMBER Twall MUwall NUMBER NUMBER
I XLind Cét/s) .
-y .14 395.9 . 163SE+07 1.309 « 3550 2.30 «191BE+04 .B961E-03
¥ «97 405.7 .173BE+07 1.280 « 329 2.18 «1885E+04 .B473E-03
4 1.9 426.1 ,.1826E+07 1.330 « 305 2.11 «1910E+04 .7B844E-03
% 4,16 457.8 .2064E+07 1.337 « 344 1.89 « 2286E+04 .B2BOE-03
? 8.02 489.9 .2294E+07 1.361 «A76 1.65 «214TE+04 _&6B71E-03
B 6.10 S22.4 .2509E+07 1.377 - 452 1.47 «2195E+04 ,&6352E-03
? 6.84 S553.8 .2703E+07 1,384 « 420 1.32 «2192E+04 .SB49E-03
%  WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
i LOC. TEMP. PRESS VISCOSITY CONDUCTIVITY HEAT
e Xlinl) (F) [(psial ([Btu/lb) f1b/ft-s) ([Btu/s-ft3 CBtu/lb-R) [1b/$t3)
. «14 -128.0 3620.1 245.824 ,3I219E-04 . 20SA9E-04 « 8359 21,885
“. +97 -118.2 3%73.0 254.084 .302BE-04 ,19919E-04 .B420 21,323
Y., 191 =100.2 3483.5 269.510 .28B82E~04 . 18580E-04 «8574 20,302
;Q 4.16 -77.4 3361.% 289.673 .2850E-04 , 16900E~048 « 8864 18.910
e 8.02 =58.7 3I2%4.1 306.942 ,2294E-04 ,15443E~04 « 9174 17.660
T/ 10 -43.1 3162.6 321.675 .2097E-04 ,14352E-04 9421 16.562
i3 84 -30.2 3084.1 S34.054 .1947E-04 . 13473E-04 « 9592 15.622
N
“.  CALC. CHECK: Wattmeter Qe =25.32[kw) Gensible Qs ®26.31Lkw) Qerr = 3,097
&) Meas. V =11,225 fvolts) Calc. V =11.508 [volts) Verr = 2.516%
1 Meas. 1 =2273.9 famps) Calc. 1 =2218.1 Camps) lerr = 2,447
o\ Meas. Tout = =22,0 (F) Calc. Tout = =2%5.1 (F) Terr = 3,2 (F)
T
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i METHANE HEAT TRANSFER INVESTIGATION e

' CASE = 5-21-4R,2 TIME = 2:08:35 TUBE L = 7,02 tin) ® OF TC = 7

" (Qubse =25.35 rhwes 1 =220B.1 [ampe) V = 11.481 [voltsd R = 5.20 [ Ohme3 |

T u/es=126.7 [F) T d/s= -13.2 (F) Pin =4126,0 [psial Pout = 3019,0 (psial
. T in ==130,.7 (F) Tout = -27.1 [F) H in= 243.5 H out = 344,46 (Btu/lb)
.2 Vol Flow = 5,17 [GFM) Mass Flow = .2552(1p/s) Mass Flux = 60.96[1b/e-in23
e}}_ WALL X/ID OUTER INTERF INNER FLUID ADIAB. FLUID HEAT h TRANSFER
oo LOg. WALL WALL WALL BULK WALL T PRESS FLUX COEFFICIENT
, . XLin) TLF) TLFY TLFl TLF) TLF) [psial [Btu/s-in#«2)
b .14 1.9 164.2 153.8 148.2 -127.1 -122.8 3571.6 12.025 .44371E-01
 1.91 26.2 275.1 262.1 255.4 -3100.0 =-95.2 3431.2 14,029 .40022E-01
)} 4,16 57,0 265.4 252.6 246.0 -77.8 -72.4 3305.6 13.856 .43514E-013
' S.02 68.8 408.1 392.1 384.0 -S59.5 -53.6 3195.0 16.389 .3I74S0E-01
6.10 B3.& 488.8 470.9 462.1 -44.4 -37.8 3100.9 17.798 .3ISL04E~O1
6.84 93.7 S91.8 S71.6 S61.7 -32.0 =24,7 3020.3 19.574 ,.3I3380E-01
WALL TURE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
LOC. SEG DL Cu MONEL cu MONEL Cu MONEL @ GEN LOSS
XCinl (tin) (mOhms/inl Cvolt/in) Campsl [Btu/s-inl (Btu/s-inJ
.14 «SES «63 11.42 1.32 2093. 115. 2.61 - 14 2,76 « 00
97 .885 <67 11.45 1.40 2086, 1222. 2.77 .16 2.93 « QOO
1.91 1.%95 «74 11.49 1.54 2074, 134. 3.02 « 20 3.22 « 00
4.16 1.555 <73 11.48 1.52 2076. 132, 2.99 «19 3.18 « 00
= { "2 « 970 .87 11.57 1.80 2053, 15S. 3. 49 « 26 3.76 . OO0
=10 . 910 96 11.62 1.95 2040, 168B. 3.77 « 31 4.08 « 00
6.84 « S50 1.06 11.68 2.15 2024, 184. 4.12 - 37 4,49 » 00
WALL FLUID REYNOLDS PRANDTL Tbulk/ MUbulk/ NUSSELT STANTON
LOC. WVEL. NUMEER NUMBER Twall MUwall NUMBER NUMEER
. X[in) [$t/g)
- .14 403.2 .1674E+07 1.310 « 547 2.29 «190SE+04 .B6BLE-0O3
= <97 413.2 .1780E+07 1.281 «528 2.18 «1879E+04 _BZ40E-03
T 1.91 432.8 . 1B48BE+07 1.334 « 903 2.11 «1901E+04 ,7631E-03
- 4.16 465.8 .2112E+07 1.345 « 541 1.8% «2274E+04 ,BOO7E~03
=~ 5.02 498.6 .234BE+07 1.368 «474 1.64 «213I7E+04 . 6651E-03
T 6.10 S521.4 .2568E+07 1.3B86 -451 1.44 «218B9E+04 ,6152E-03
6.84 S63.2 .2765E+07 1.397 «419 1.31 «2187E+04 . 5663IE~03
WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SPECIFIC DENSITY
LOC. TEMF. PRESS VISCOSITY CONDUCTIVITY HEAT
Xlind) (F) [psia) ([Btu/lb) [1b/$t-g) [Btu/s~-¢t) [Btu/1b=-R) [1b/$t3]
14 -127,1 3571.8 246,493 .3190E-04 ,20407E-04 8380 21.773
97 -117.5 3523.% 254,605 .3000E-04 ,19778E-04 . 8444 21.245%5
1.91 -100.0 34331.2 269.713 .2059E-04 , 18444E-04 « 8603 20,235
4.16 =77.8 3I30%.6 2687.3524 .252BE-04 ,16760E-04 «B8%914 18.847
S.02 -%9.% 3195.0 306,408 .2274E-04 ,15354E-04 « 9237 17.608
‘10 -44.4 3100.9 320.786 .2080E-04 ,14249E-04 « 9493 16.519
84 -32.0 3020.3 332.834 .1931E-04 ,13369E-04 e 9669 15.588
CALC. CHECK: Wattmeter Qe =25.35Ckw) Sensible Qs ®27.22Lkw) Qerr = 7,36%
Meas. V =11,22%5 [volts) Calc. V =11,481 [voits) Verr = 2,278%

Meas.,
Meas,

1 =2258.4 (amps)

Calc. 1 =2208.1 tamps)
Tout = -19,7 tF)

Calc. Tout = -27.1 (F)

2.23%
7.4 (F)

lerr =
Terr =
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.,'(:"*‘ (@a.bse =20,327 [KWel

OURIGINAL PHGE L5
OF POOR QUALITY

# OF 7C = 7

METHANE HEAT TRANSFER INVESTIGATION

CASE = §-21-4C TIME = 2309315 TUEBE L = 7.02 [in)

1 =2228.9 lamps) Ve 12,544 [(voltsl R = 6.05 [mDhms)

I w/e=-127.2 [F) T d/s= 11,2 [F) Fin =3695,.0 [(psial Fout = 2855,0 (psial
T in =-126.& (F) Tout = S (F) H in=s 246.6 H out = J6E8.5 CEBtu/lb)
ij Vol Flow = 4,96 [GFMI Macss Flow = .2422[1b/s) Mass Flux = E7.8B6l1lb/e~in2)
{; WALL X/1D OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFEF
i LOC. WALl WALL WALL EULY. WALL T PRESS FLUX COEFFICIENT
" Xlinl TLF] TLF) TIF) TLF] TCF1 (psial [Btu/s-in®s2)
f; .14 1.9 213.8 201.9 195.6 -122.7 -118.8 J488.4 13.270 ,42205E-01
o 97 13.3 279.6 266.2 259.2 -111.5 -107.5 2442.7 14.48BS ,IT9504E-01
o 1.91 26.2 3IBO.7 T64.9 3IS6.9 -90.6 =86.0 ITIS2.T 16.329 L I6BETIE-O1
) 4.16 $7.0 420.6 40T.6 3I95.5 -43.2 -57.¢ J225.2  17.049 [ I7601E-01Q
i S5.02 6B.8 634.6 612.9 602.3 =35.7 -3IT.& J107.6 20,846 .3I2783E-01
N 6.10 BI.&6 700,84 677.3 b6£6.0 =20.T =1Z.0 I001.8 21.9%1  .3I2IE7E-O1
ﬁé 6.84 2.7 27,5 703.8 652.2 -5.1 2.3 2909.7 22.84%57 (I2597E-0O1
”:‘;
_— wall TUERE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
ng LOC. SEG DL Cu MONEL cu MONEL CU MONEL Q GEN LOES
3 XLamd Linl (mOhms/3n) Cvolt/inl Lampe] [Btu/e-in) [Btu/s-~in]
.g .14 - 95% «68 11.4%5 1.4% 2114, 125, 2.87 « 17 .04 « OO
.E .97 . B8% .74 11.49% 1.57 2102, 136, .12 o 2% T.322 « Q0
=4 1.1 1.%9S 8% 11.8% 1.76 2086. 1573, T.49 o2& 3.74 « OO0
s 4.16 1.858%5 .85 11.8& 1.84 2080, 159, J.63 « 2B 3.91 « Q0
i 02 « 970 1.10 11.7% L.25 2048, 192, 4,27 .41 4,78 « OO
& .10 L9910 1.17 11.78 2.38 2037, 202, 4,56 <46 S5.04 « OO0
_; é&.84 e S5 1.19 11.7¢6 2.4% 2032, 20e&. 4,68 « A7 $.15 . OO
3 WSLL FLUID REYNOLDS PRANDTL Tbulk/ MUbult./ NUSSELT STANTON
i LOC. VEL. NUMEBER NUMEBEER Twall MUwall NUMEER NUMEEF
o Xfinl) [$t/s)
. .14 387.8 . 1682E+07 1.3X02 «S14 2.26 «1B49E+04 ,B649E-02
A .97 399.4 .1777E+07 1.259 <485 2.10 «1795E+04 ,BOIBE-0O2
1.9 A424.5 . 1874E+07 1.336 « 452 1.9% « 1820E+04 [, 7290E-0Z
4.16 Q466.1 .217BE+07 1.363 +Ab64 1.67 «2105E+04 [ 7093E-03
S5.02 S12.8 .24B84E+07 1.38% . I9E 1.36 «Z2089E+08 [ S9STE-OX
6.10 S561.8 (2770E+07 1.39¢ - 291 1.20 «2222E+04 ([ S573T6E-03
6.84 60B. S ,JUCI2E«07 1,399 . =99 1.08 cLQVESE+08 ,S706E-0T
WALL FLUID FLUD ENTHALFY DYNAMIC THERMAL SFECIFIC DENSITY
LOC. TEMF. PRESS VISCOSITY CONDUCTIVITY HEAT
XLind) (F) [psia) (Ftu/lbl [1b/ét-s) CEtu/e-$t) [EBtu/lb-R] flb/74¢3)
<14 ~322.7 3488.4 250,095 .IJ0B7E-Q04 ,19993E~-04 « 8433 21.484
97 =-111.5 3442.3 259.693 .28BS2E-04 ,192BAE-04 .B8514 20,860
1.91 =90.6 3I352.2 278.051 .270BE~C4 ,176S2E~-04 8739 19,620
4.16 =63I.2 3I225.3 S02.976 J2I2BE-04 L 1564BE-04 9162 17.87¢
5.02 =36.7 3I107.6 I2T. 103 L 2040E-04 ,L14015E-04 « 9511 16,247
10 =20, 3001.8 S4T.95S5 ,1BJ0E~04 ,127¢7E-04 + 9759 14. €71
.84 5.1 290§.7 3S7.444 ,16BIE-04 ,1187SE-04 9372 $12.652
CALC. CHECH: Wattmeter Qe =30.33[kw) Sensible O =31.14lkw]) Qerr = 2.70%
Meas. V =11.472 [volts) Calc. V =13.%44 (volts) Verr =18, 067% ot ',.ﬁab
Meas. | =2643.%5 [ampe) Calc. 1 =2236.5 (amps) lerr = 15,30% /
Meas. Tout = .7 LF) Calc. Tout = .5 (F) Terr = .2 (F)
= e mgm T T BT ) ’_.;é_g. ‘> S _..w 9 Tl = -
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§ METHANE HEAT TRANSFER INVESTIGATION OF it .
ot
7e CASE = 5-24-24 TIME = 11:00:48 TUEE L = 7,02 Lin3 #OF TC= 7
"lfy(19abse =38.67 [KWel 1 =2442.4 [amps) Vs 14,607 [volts) R - 5.98 (mDhme)
; I We=-120.2 [F) T d/s= 6.7 [F) Fin =47B0.0 [psial Fout = 2477.0 [psial
7 T in =-125.5 [F] Tout = -4 [F) Hin= 248.0 H out = 62,0 [Rtu/lb)
i
ot Vol Flow = 5,87 [GFM) Mase Flow = ,28B1(1b/s) Mass Fiux = 6B.84(1b/s-in2)
1
ﬁi WALL  X/ID OUTER INTERF INNER FLUID ADIAE. FLUID MEAT h TRANSFER
. LOC. WALL  WALL WALL BULVF WALL T PRESS FLUX COEFFICIENT
4 Xrin3 TIF)  TIF) TIF) TLF)  TIF) [peia) [Btu/s-inss2)
T «14 1.9 275.6 260.1 251.9 -121.0 -115.5  3670.9 16.970 «46181E-01
i +?7 13.3 356.0 3ITE.2 329.2 ~10B.8 -102.9  I606.2 18.701 «43279E-01
o 1.91 26,2 429.5  406.7 399.8 -B6.4 -BO.0 347B.5 20,265 . 42241E-01
ok 4.16 57.0 492.8B 471.3 460.6 -S7.5 -40.0 3296.0 21,600 ,42300E-01
Pi 0 5.02 6B.B SS1.4 E2B.3 516.9 -34.3 -25.3  =176.0 22.825 .42099E-~01
L 6.10 83.6 S47.8 520.9 505.6 -17.4 -6.9 2679.1 2.6 «438BOE~01
i 6.B4 93,7 £72,0 S4B.4 S536.7 -5.0 7.1 2851.6 23.254 .43904E-01
u
4 wWALL  TUEE  RESISTANCE VOLTAGE  CURRENT HEAT GEN.  TOTAL  MHEAT
‘Wt LOC. SEG DL CUu MONEL CU MONEL CuU MONEL @ GEN LOSS
= X{aind [in) [mOhms/an) ([velt/ind [ampe) (Btu/s-inl [Btu/s=-inl
- .14 .ss% <73 11,45 1.6B 2296, 146, .66 .27 3.89 . 00
3 .97  .e8s -81 11.54 1.85 2282. 161. 4.01 .28 .29 . 00
A& 1.91 1,895 .68 11.58 2,01 2269. 173.  4.32 .33  4.e% <00
W5 4,16  1.88% +95 11,62  2.14 2258, 184. 4.58 .37  4.9% .00
o T ( 0= 970 1.01 11.66 2,26 2243. 154. 4.82 .42 5.23 . 00
B +10°.910 1,00 11.65 2,25 2250, 157, 4.79 .41 £.20 « 00
T 6.84  .S50  1.03 11.67 2.30 oo0as. 197. 4.90 .43 5,33 . 00 .
~%  WALL FLUID REYNOLDS  PRANDTL Tbull/ Mubuls / NUSSELT STANTON
+:5 LOC. VEL. NUMEER NUMBER Twall MUwall NUMEER NUMEER
e X{in) [$t/s)
‘i «14  460.0 .1938E+07 1.284 .476 2.23 - 1996E+04 .B020E-03
T «97  475.0 .19B83E+07 1.341 ,445 2.20 - 1977E+04 ,7438E-03
I 1.91 S506.9 .2227E+07 1.325  .434 1.90 «2084E+04 . 7062E-03
5 4,16 561.0 (261BE+07  1.356 .43 1.60 - 23B9E+04 ,6728E-03
2 5.02 621.0 J3012E+07  1.381  .436  1.38 «2672E+404 L 6425E-0T
§  6.10  678.5 .3ITS2E407  1.407 456 1,25 « SOS6E+04 L 6497E-03
W 6.84  732.5 ,3640E+07 1.408 .457  1.15 «I2BTE+04 L 6812E-03
5 WALL FLUID FLUID ENTHALPY DYNAMIC THERMAL SFECIFIC DENSITY
« LOC. TEMF. PRESS VISCOSITY CONDUCTIVITY  HEAT
i XLin) [F)  (psia) [Ftu/1b) [1b/¢t-s3 (Btu/s=£t] [Btu/1b~-R] [1b/4t3)
5 +14 -121.0 3470.9 251,799 .3I1126-04 .20267E-04  .B364 21.552
:h 37 ~10B.8 3606.2 262.157 ,3041E-04 ,19173E-04  .B4aSz 20.872
;o 1.91 -B6.4 3478.5  281.551 .270BE-04 .1775SE-04  .Bego 19.55¢
Yy  4.16 -57.% 3294.0 307.788 «2303E-04 (1SS13E-04 ,9313%5 17.671
"9 5,02 -34.3 3126.9  330.009 .2002E-04 +13B00E-04  ,9519 15.964
3 4 ¢10 =17.4 2979.1  346.8%51 .1799E-04 +12576E-04 ,9811 14,610
~ (\ 84 -5.0 28S1.6 360.397 .1657E-08 .11701E-04 . 9946 13.533
A
-] CALC. CHECK: Wattmeter Qe =35.67(kw) Sensible Os =34, 65[kw) Qerr = 2.86%
| Meas. Vv =14.659 [volts) Calc. V =14.607 Cvolts) Verr = ,353% '
~ Meas. 1 =2433.7 Camps) Calc. 1 =2442.4 tamps) lerr = o 36%
| Meas Tout = -ar1 CF1 Cale. Tons ei.d ta (F)  Terr = 3.7 tF)
Ao D
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W ORIl ... v, ;
i METHANE HEAT TRANSFER INVESTIGATION  OF POGHR (i, ?
" CASE = 5-24-2K TIME = 11101328 TUBE L = 7.02 [inJ $OFTC= 7 i
" (Qabse =29.92 [kwes 1 =2473.8 Camps) V= 16.139 [voltsl R = 6.52 [mDhme3

i T u/s=-116.5 (F) T d/s= 24.1 (F) Pin =4375.0 [psial FPout = 2421.0 [pgia)
Tin =-121.4 (F] TYout = 22,8 (F] H in= 251.6 Hout = 277.% [Btu/ib)

s

&? Vol Flow = 5,73 [GFM) Mass Flow = .2780[1b/s) Mass Flux = 66.43[1b/g-in2)
i WALL X/ID OUTER INTERF INNER FLUID ADIAE. FLUID HEAT h TRANSFER

Loc. WALL ~ WALL WALL  BULK  WALL T FRESS FLUX  COEFFICIENT

i Xtinl TCFI  TCFY TCF3 TCFI  TIF)  [psial (Btu/s-inss2)

.14 1.9 324.2 3I06.9 298.0 -116.4 -111,2 3708.6 18.453 ,45092E-01

=

o

L. 4.16 57.0 577.8 552.5 S41.5 -42.2 =24.%5 S328.8 22.939 ,41542E-01
=E S.02 68.8 637.0 611.1 S98.% -15.8 -6.2 3151.0 25,193 .416469E-0]
P 6.10 B3.6 633.6 607.8 S95.1 3.3 14,6 2990.7 25.121 L43Z01E-01
ig 6.84 93,7 666.6 639.9 £26.7 17.5 31.5 2848.9 25.816 .43372E-01
R
ié WAaLL TUBRE RESISTANCE VOLTAGE CURRENT HEAT GEN. TOTAL HEAT
73 LOC. SEG DL cu MONEL Cu MONEL CU MONEL @ GEN LOSS
L% Xfinl [fain) [mDhms/in) Lvolt/inl lampsl (BEtu/s-in) [(Btu/s~-inl
PY .14 « 555 .78 11.852 1.81 «317. 1%57. .96 27 4,23 . OO0
i 3 .97 . 88S «91 11.60 2,08 2294, 179. 4.52 35 4.88 « OO0
P 1.91 1.595 1.00 11,65 2.28 2278, 196, 4.93 « 42 S.3% « 00
fﬁ 4.16 1.855 1.0 11.67 2.34 2273. 201. S.04 ¥ 3] S.49 N dd
%§, o 02 <970 1.09 11,71 2.46 2263, 210, S.29 49 5.78 00,
D& \ .10 «910 1.09 11.7% 2.46 2264, 210, S.27 .49 S.76 « OO0
f% 6.84 « S50 1.12 131,73 2.53 <258, 2185, S.41 52 S.92 - Q0
1
o
: % WALL FLUID REYNOLDS FRANDTL Tbulbh/ MULUl} / NUSSELT STANTON
3 LOC. WVEL. NUMEER NUMEER Twall MUwall NUMEER NUMEER

Xfinl Cft/s)

.14 448.0 ,1920E+07 1.260 «452 2.17 «1963E+04 ,B113IE-03

.97 A465.0 L 19460E+07 1.324 « 806 2.04 « 1BP0E+04 ,72B4E-0O2
1.91 S02.8 2236E+07 1.327 « 394 1.7% «2039E+04 L 68B72E-03
4.1¢6 S67.48 .2679E4+07 1.353 - 417 1.446 2461E+04 L 6790E-03
5.02 640.5 .3117E+07 1.372 - 420 1.24 « 2B02E+04 , 6549E-03
6.10 712.4 .3490E+07 1.272 « 439 1.12 + S21JE+04 | $709E-0OT
6.84 781.1 .3IBUHE+OT 1.345 «43% 1.02 « J467E+04 L 6782E-03

WALL  FLUID FLUID ENTHALPY DYNAMIC THERMAL SFECIFIC DENSITY

= LOC. TEMF. PRESS VISCOSITY CONDUCTIVITY HEAT
! XLtind (F) [psial) [Btu/lb) [1b/ét-s3 [Btu/s-ft) C(Btu/1b-R) [1b/¢t2)
- -14 -1146.4 3I708.6 255.791 .JOICE-04 ,20121E-04 8367 21.351

«97 ~102.3 3644.9 267.797 .2969E-04 .19011E-04 8474 20.572
1.91 -75.8 3516.3 290.821 .2603E-04 .17177E-04 . 8758 19.027
4.16 -42,2 7I328.8 321,460 .2172E-04 ,14792E-04 « 9218 16.859
S.02 -315.8 31%1.0 346.928 .1B67E-04 . 33029E-04 9578 14,935
t. 10 3.3 2990.7 366.201 .16467E-04 ,11804E-04 9716 13.427

( B84 17.5 2848.9 382.156 .1832E-04 L 10957E-04 « 9626 12,244

CALC. CHECh: Wattmeter Qe =39,.92Ckw) Sensible Os =36.90f kw) Qerr = 7,58%
Meas. V =16,.3225 [volts) Calc. V =146.139 [volts) Verr = 1,140%

Meas. I =2445,¢ famps) Calc. 1 =2472.8 Camps) lerr = 3,15y

Meas. Tout = 11.4 [FJ Calc. Tout = 22.8 [Fl Terr = 11.4 [F)
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