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References: 1. Letter from Mr. A. Schwencer to Mr. J. P. McGaughy,
dated July 22, 1983

e

Letter AECM-83/0455, from Mr. L. F. Dale to
Mr. H. R. Denten, dated August 13, 1983

Mississippi Power & Light Company (MP&l) committed in Reference 2
to providing supplementary information on hydrogen control at the Grand
Gulf Nuclear Station (GGNS) This supplementary information consists of
three attachments. Attachment 1 provides additional discussien on the
use of the 1/20th scale test to describe thermal environments in the
containment. Attachment 2 provides a discussion of the equipment
response m~thodology which utilizes 1/20th scale data, results from
these calculations, and more detailed equipment information. Figures
describing the modeling approach along with preliminary results are
included based on a thermal environment from a 0 4 lbm/sec hydrogen
release rate. Attachment 3 provides supplementary information
describing CLASIX-3 analyses which have been recently completed. These
additions include modified treatment of the vacuum breakers, a two
compressor case, and a modified radiation heat transfer case. A summary
table and response curves are attached.

Additional information concerning thermal environment and equipment
response will be provided upon completion of the 1/4th sca'e test
program discussed in Reference 2. Also, a realistic assessment of
source terms for the CLASIX-3 code is in progress which will identify
release rates and sequences which are characteristic of recoverabie
degraded core events rather than severe accidents leading to core melt.
This assessment will be coordinated with the EPRI BWR Heatup Code

BF 1
Nember Middle South Utilities System

(7 o

1[40



AECM-83/0479
MISSISSIPPI POWER & LIGHT COMPANY Page 2

development work and will be submitted when available. It is believed
that the results will be more characteristic of actual plant response to
a degraded core event and result in demonstration of the survivability
of essential equipment in the drywell.

Yours truly,
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L. F. Dale
Manager of Nuclear Services
JRH/SHH : Im
Attachments
cc: Mr. J. B. Richard (w/o)
Mr. R. B. McGehee (w/0)
Mr. T. B. Conner (w/o)
Mr. G. B. Taylor (w/o)

Mr. Richard C. DeYoung, Director (w/a)
Office of Inspection & Enforcement
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. J. P. O'Reilly, Regional Administrator (w/a)
U.S. Nuclear Regulatory Commission

Region 11

101 Marietta St., N.W., Suite 2900

Atlanta, Georgia 30303
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PRELIMINARY EVALUATION OF THE THERMAL ENVIRONMENT*
TASLE OF CONTENTS
Introduction
Evaluation of Thermal Environments

2.1 Full Scale Equivalent Release Rate of 0.8 lbm/sec

$:1.1 Gas Temperature Evaluation
2.1.2 Gas Velocity Evaluation
&nkad Radiation Heat Flux

2.2 Full Scale Equivalent Release Rate of 0.4 lbm/sec

2:2:1 Gas Temperature Evaluation
b Gas Velocity Evaluation
2+2:3 Radiation Heat Flux

*Draft Material Prepared by EPRI as Part of 1/20th Scale Test Program
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1. INTRODUCTION

The research program undertaken by the BWR6/Mark I'I Containment Hyarogen
Control Owner's Group (HCOG) and managed by the Electric Power Research
Institute includes hydrogen combustion testing in a 1/20th scale model of a
Mark III containment. A description of this test facility, the test results
obtained and a preliminary assessment of the full scale thermal environment

derived from these results were presented to USNRC on June 29, 1983.

Based on the thermal euvironment so defined, a scoping evaluation of the
thermal response of an igniter transformer was performed. The results of this
evaluation indicated that for a sustained H2 release rate of approximately 0.8
Ibm/sec, the igniter transformer would remain below its survivability
temperature of approximately 18 minutes with no credit for containment sprays.

This is longer than the expectcd period of hydrogen release at 0.8 lbm/sec.

The preliminary evaluation of the expected thermal environment presented at
the NRC/HCOG meeting on June 29, 1983 contained several significant
conservatisms including:

- Containment sprays were not considered (the 1/20th scale tests did

not include simulation of ccntainment sprays)

- The 1/20th scale data evaluated was taken in the "hottest" chimney
in the wetwell annulus. Two adjacent SRV discharge spargers were
releasing hydrogen below that chimney while at most only one sparger
would be releasing hydrogen below the other chimneys.

- Observed temperatures from the 1/20th scale facility are higher than
would be expected in 2 larger model or the prototype due to laminar
effects which result in taller flames.

- The durations specified for the thermal loading were long relative
to those expected for such high H, release rates (0.8 to 2.0
Ibm/sec) based on best estimate analysis of hydrogen release rates
for recoverable degraded core accidents utilizing the BWR core
heatup code.
The objective of this attachment is to document a more detailed analysis of
the expected thermal environment resulting from hydrogen combustion as a
steady diffusion flame in a Mark III containment. An estimate of the effects

of containment spray operation is included.
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The results of this analysis are preliminary pending thorough 1/20th scale
data evaluation and preparation of the final test report expected in

October 1983.

2 EVALUATION OF THERMAL ENVIRONMENTS

The thermal environments resulting irom sustained H2 releases of 0.8 and 0.4

Ibm/sec are evaluated.

2.1 Thermal Environment from a HZ Release of 0.8 lbm/sec {Full Scale)

Assumptiocns:

1. Total H2 flowrate is 0.8 lbm/sec (full scale)

&5 82 flow is split evenly among 9 spargers
3 Pool temperature is 185°F

4. Containment sprays are in operation - sprays are assumed to cool the
gas but no credit is taken for actual heat removal from equipment
due to direct contact with spray water.

5. Two adjacent spargers release H, below the "chimney" evaluated.

2

2.1.1 Gas Temperature Evaluation

Figure 1 is a typical temperature history measured during a 0.8 lbm/sec (full
scale), 1/20th scale test (Test II-21). Note that following an initial
temperature excursion (resulting from the initial deflagration burn from the
lowest set of igniters to the pool surface) the temperature quickly attains a
relatively low value and begins to gradually increase. At this point steady
flames have been established above the pool and the gradual increase in
temperature is due to overall heat addition to the containment air. The
heated air is beginning to recirculate back to the base of the flames
resulting in progressively higher gas temperatures at the HCU floor level.
Eventually the heat lost to the walls equates to the heat added due to
combustion and the temperature stablizes. The previous analysis assumed

temperature values consistent with this evaluated equilibrium value.
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It is postulated that with containment sprays in operation, the heat added due
to combustion will be effectively removed from the recirculating air such that
the air feeding the base oi the flames will be maintained at or very near the
spray water temperatnre, Under such conditions, the gas temperatures measured
(in the 1/20th scale test) very soon after steady flames are established
(before significant recirculation of heated air) represent an upper hound on

those temperatures expected with containment sprays in operation.

Table ! presents gas temperatures measured near the HCU floor early (first 30
seconds) in each 1/20th scale test performed with an equivalent full scale H2
flewrate of 0.8 and 0.4 Ibm/sec and with an elevated pool water level
consistent with an upper pool dump. Note that the highest observed
temperature duving this time period was 480°F for the 0.8 lbm/sec tests (Test
iv=23}.

Figure 2 depicts the vertical gradient in gas temperature observed in Phase IV
of the 1/20th scale test program. Phase IV testing was performed with minimal
obstructions to vertical gas flow and resulted in the least decay in
temperature with height. The points depicted as circles on Figure 2
represent the average temperatures observed at those locations for the three
Phase IV tests performed with elevated water level. This approach provides
the best estimate of the shape of the vertical temperature gradient. osince
the highest temperature observed early in any Phase IV test was 480°F (at an
equivalent of 2.5 feet below the HCU floor) this curve was translated to the
right by 13°F to match that point. The new curve, depicted by triangles on
Figure 2, provides an estimate of the maximum expected gas temperature
distribution for a H2 release rate of 0.8 lbm/sec with containment spray

operation.

2.%.2 Gas Velocity Evaluation

Two independent methods were used to evaluate the gas velocity.

1, Visual observation (video tapes) of the vertical motion of hot gases
above the flames.

In some tests (2.0 lbm/sec tests) small volumes of hot gases were observed as

they were entrained in the upward gas flow above the flames. The motion of
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these "hot g3s volumes" was evaluated resulting in an apparent upwary gas

velocity of 6.5 ft/sec at 1/20th scale (Test [1-4).

It would be expected that the corresponding velocity for lower H, velease

rates (0.8 (bm/sec & 0.4 lbm/sec) would be lower than this valte.

2. Evalvation of convective heat flux data.

Convective heat flux at the HCU flv.x was measured dui‘ng one 9.8 lbm/sec test
(Test [II-3). The convective heat flux measured early in that test
(consistent with gas temperatures erpected with sptay operation) was 1950

Btu/hr ft2.

The gas tempera ure measured near the heat flva sensor (TC 220) durirg that

test was 450°F.

The heat flux (HF) sensor i% -~ustructed as shown in Figure 3. The sensing
element itself is a flat dis~ appioximately 1/8" in diameter. The sensor is
held in a copper holder whose cutside surface is cooled with 185°F water. The
cooled holder effectively Ma ~iaius the outiide diameter of the HF sensor at
approximately 185°F. The sensor measures the temperature difference between
the center and outside diameter of the HF sensor and this AT is relaied to
the incident heat flux. In Test III-3, the HF sensor face was polished to

minimize radiant flux measurement.

For the purpose of evaluation, the holder arrangement was represented by a
cylinder on its side for which empirical convective heat transfer correlations
exist. The HF sensor was assumed to be measuring stagnation pcint convective
heat flux. For this configuration, the velocity of the gas stream can be

estimated using the equation:

h D
Nu = -{}41 = C /v, 0% (Equation 9-1, Kreith, Principles
f ¢ of Heat Transfer, second Ed.)
where Nu = Nusselt number

= Stagnation Point Convective Heat Transfer Coefficient
= Diameter of Object Receiving Energy
= Thermal Conductivity cf Gas

v = Free Steam Velocity of Gas

1e.= Kinematic Viscosity of Gas

1.05 (for a Prandtl Number of 0.8)

o
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2.1.3 Radiation Heat Flux

Equipment located in the Mark III wetwell will receive radiant therma: loading
as a recsult of diffusive burns from two sources; i.e., emission from hot water
vapor in the vicinily of the flames and from hot grating at the HCU floor

level.
Radiation from Hot Water Vapor:

Radiant heat flux from a flame and hot plume above a sparger to a pcint on the
HCU floor directly over the sparger was calculated. It was assumed that the
flame/plume took the form of a cylinder of 10' diameter and height 20'; i.e.,
extending from pool surface to HCU floor. The vertical temperature
distribution between the pool surface and the HCU floor was estimated using
known boundary conditions; i.e., measured gas temperature (from the 1/20th
scale test) in the flame (approximately 1500°F) and at the HCU floor level
(approximately 480°F) and a correlation of temperature data taken in the plume
of diffusion flames by D. J. Caffrey (NBS Report NBSIR 79-1910, October 1979,
"Purely Buoyant Diffusion Flames: Some Experimental Results'"). This
correlation defines the temperature distribution in flame, intermittent and
plume regions above the base. The intermittent region is between the flame
and the plume. The temperature in the flame region is defined as constant
with height and for this evaluation was assumed to equal 1500°F based on
measured temperatures (1/20th scale test) when the thermocouples were immersed

in flames.

The correlation also defines the ratio of heights of the top of the
intermittent region and the top of the flame region to be 2.5. Within this
region the temperature is defined to decay as x ! (x is vertical distance
measured from the base). The correlation also defines the temperature decay

above the intermittent region as xh5/3.

The approach used to define the temperature distribution was to assume a value
for the height of the "flame" region such that the correlation equations and
the known boundary conditions were satisfied. The resulting temperature

distribution is presented in Figure 4.
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The heat flux was calculated by segmenting the cylinder into smaller cylinders
(Figure 5) and assuming each cylinder to be isothermal at a temperature equal
to the average of the assumed gas temperatures at 1its upper and lower bounds.
A mean beam length approximation was used to calculate the heat flux from each
volume of gas to a point at the center of the upper surface (Hottel and
Sarofim, 1967, p. 277). It was then assumed that the entire upper surface ot
each cylinder radiated at this flux to a point on the HCU floor appropriately
accounting for its view factor to that point and the flux from each cylinder
was summed to obtain total radiant heat flux. The upper nost cylinder was
treated separately since the mexn beam length approximation gives the flux

directly in that case.
Specifically the calculation proceeds as follows:

The heat flux to an element AS on the HCU floer 1is

o o
L S AfFa-stals * AfFsugtaTy) * oeTy
where o = Stefan-Boltzmann constant
Ai = Area Associated with Volume 1
¢ * View Factor Associated with Volume 1
T.l = Temperature of Volume i
View factors were computed from:
r
Ly - Vil- Z -2
Fl'z = 2‘ [‘ ¥ “f‘zll‘l) ]
1+ (rzlh)z h
where x = 1 + w—
(ry/ni ammy s
1
Ref: Siegel & Howell, 1972
Appendix C
A specific receptor size (r, = 1") was assumed.

Gas emissivities were calculated from Hottel charts (Kreith, 1965, pp. 237)

assuming 43% water vapor in air at a total pressure of 15 psia. The value of
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43% H20 vapor was estimated as follows.
Assumptions:
The initial gas temperature was 130-140°F.
2. The H.0 coacentration in the flame/plume equals the concentration of
H20 i the combustion products.
Analysis:

at 133°Fethe 3 Hy0 1s ~163
® 2y + 0y + 4N, + Ho0 (Initfal Hy0) o= 2,0 + 4N,

and the nzo concentration in the combustion products = 3/7 = (0.4

Using the approach described above, the radiant heat flux from hot water vapor

to the HCU floor was computed to be 3600 Btu/hr-ftz.
Radiation from Hot Grating:

Radiation from the HCU floor grating contributes to the heat flux to a piece
of equipment. For an infinite plane grating located close to a piece of

equipment . ihe radiant heat flux to the equipment is approximately:

Qe LW Fi.x ‘RQ'"“

where: £ = Emissivity of Grating
T = Stetan-Boltzmann Constant
F = "view factor" of Grating to Equipment (Accounts for a
70% Open Area in Grating)
T = Grating Temperature
Assume:
(1) grating temperature = maximum obse ved gas temperature at
HCU level (4B0°F)
(2) E=0.7

(3) F is 0.3 if looking perpendicular to grating (i.e. equal to closed
area of grating). Effective "closed area” increases off-axis due to
finite depth of grating and becomes 1.0 at approximately 30°.
Therefore, F is assumed to be approximately 0.5.
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Grating temperature = 480°F = 940°R
Q = €oF)_,Td e = 470 Btu/hr-ft?

Total Radiant Heat Flux:

The total radiant heat {lux to an object located near the HCU floor is
composed of radiation from the hot gas and radiaticn from the HCU grating.

Two cases are considered:

Case 1: Equipment located below grating. This equipment sees the entire
plume radiation on its lower surface and sees the entire grating

radiation on its upper surface.

Case 2: Equipment located above grating. This equipment sees the entire
grating radiation on its lower surface and in addition sees a
fraction of the plume radiation cn its lower surface. It sees only
a fraction of the gas radiation because some of it is tlocked by the

solid fraction of the HCU floor grating.

Therefore, based on the evaluation described above, the total radiant heac

flux for an H2 release rate of 0.8 lbm/sec is estimated Lo be:

“Case 1) below HCU floor

Q* Ggas * Ygrate 3600 (from below) + 470 (from above) = 4070 h:t:t

“Case 2) above HCU floor

q=0.7q « 2500 + 470 = 2070 Btu/hr=ft° (all from below)

gas * Ygrate

2.2 Thermal Environment for an H, Release of 0.4 lbm/sec (Full Scale)

The same methods and assumptions as were made in evaluatiang the thermal
environment for 0.8 lbm/sec H2 flow were applied in assessing the 0.4 lbm/sec

environment.

“ ‘hese figures are the best current estimate. An earlier (and more conservative)
data set was used for the actual analyses described in Attachment 2.
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2.2.1 Gas Temperature Evaluation

Note from Table 1 that the maximum temperature measured below the HCU floor
early in the 0.4 lbm/sec test (Test I[-23) was 350°F. The vertical decay in
this temperature was assumed the same as for the 0.8 case and is depicted in

Figure 6.

B Oy Gas Velocity Evaluation

As no convective heat flux or visual data are available to estimate the gas
velocity for this condition, the gas velocity is assumed to be the same as for

the 0.8 case, i.e. 26 ft/sec (F.S.).

p A I, | Total Radiant Heat Flux

The total radiant heat flux for an H2 release rate of 0.4 lbm/sec is estimated

to be:
*Case 1) below HCU flocr

G ® Qgy5%rate * 2500 (from delow) ¢+ 260 (from above) = 2760 Btu/hr-ftl

*Case 2) above HCU floor

q=0.7q = 17504260 = 2010 Btu/hr=ft (a1l from below)

gas * qgnte

“These figures are the best current estimate. An earlier (and more corservative)
data set was used for the actual analyses described in Attachment 2.
BG10



TEMPERATURES (°F)

HYDROGEN FLC 4RATE INITIAL POOL
TEST (FULL SCALE - 1b/s) TP (°F) TC-109  TC-110  TC-111  TC-112
11-19 0.8 185 360 450 300 212
11-21 0.8 125 440 440 310 300
11-23 0.4 125 290 350 200 160
TC-209  TC-210
111-1 0.8 185 380 450
111-3 0.8 185 426 470
7C-309  TC-310  TC-320
v-1 0.8 185 405 470 460
Iv-2 0.8 185 450 480 440
1v-3 0.8 185 410 450 430

TABLE 1 - MEASURED TEMPERATURES AT AND BELOW HCU FLOOR
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Figure 2--Vertical Temperature Distribution - 0.81b/s.
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EQUIPMENT SURVIVABILITY
INTRODUCTICN

Mississippi Power & Light Company's submittal AECM-83/0455 included a
discussion of our bases for evaluating equipment survivability. A preliminary
1ist of essential equipment in the drywell was provided in response to NRC
staff questions. This submittal provides additional information to assist the
staff in their review of GGNS containment and drywell equipment survivability.

Revised thermal environment data has been supplied by EPRI to
characterize the 1/20th scale facility test results for a full scale
equivalent release rate of 0.4 lbm/sec. Table 1 summarizes this information,
which was used for the thermal response curves shown in Figures 3, 6, and 9.
Later EPRI best estimate information, submitted as attachment 1l to
AECM-83/0479, further reduces the thermal environment from that shown in this
attachment.

The methodology used to model and calculate essential equipment response
to a specified thermal environment represents the bulk of this attachment.
Figures describing the models and preliminary results are included.

A review of essential equipment located in the containment and drywell
has been in progress for some time. Tables 2 and 3 provide supplementary
information on system and component identification, component function, as
well as physical location. These lists are being further evaluated against
the proposed Final Rule for Degraded Core requirements. The components
deleted from the list which was submitted in MP3L letter AECM-82/26 either
were not sensitive components, such as hydrogen analyzer tubing, or were shown
by preliminary review to not be required to comply with the proposed final
rule. Only two other items, MSIV limit switches and drywell pressure
instrumentation were removed from the original list. Further evaluation of
electrical penetrations, hatches and personnel locks is still in progress.

Operator failure analysis is also in progress for both air-operated ~nd
motor-operated valves. Should the analysis demonstrate that once specified
valves have fuactioned in the preburn environment, and their failure will not
result in change in position, then these valves may be removed from the
essential equipment list for which postburn survivability must be
demonstrated.

Supplementary Figures 10 and 11 are also provided to locate equipment in
the containment.

Follow-up discussions will be held with the NRC staff after which a final
equipment evaluation submittal wiil be scheduled.
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ESSENTIAL EQUIPMENT

EVALUATION METHODOLOGY

1.0 Essential Equipment

Three typical pieces of equipment have been selected to provide a basis

upon which the eifects of steady diffusion flames can be evaluated.

| P9

1.2
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Hiydrogen Igniter Assembly

The igniter assembly is an 8"x8"x6" stainless steel box with a
removable access cover. It houses the transformer and terminal
strip mounted on a stainless steel platc and also contains the
associated wiring. The glow plug extends out through the front and
is assumed to be insulated from the box by the glcw plug mount. The
igniter assembly is modelled as mounted on a 1" thick carbon steel
plate. No credit is taken for shielding effects from supporting
members or pool swell shields. The assembly is shown in Figure 48
The igniter assemblies are assumed to be exposed to the most severe
burn environment located just below the HCU floor elevation. For
this evaluation, the transformer is considered as the limiting
component with a survival temperature of 400°F.

Pressure Transmitter

Pressure transmitters consist of the sensing module and the
associated electronic circuitry. The electronic components are
enclosed in a cast aluminum housing which is connected to the
stainless steel sensing module housing. Pressure transmitters are
mounted on instrument racks at the HCU floor elevation and the racks
have pool swell shields along their base. The pressure transmitter

is shown in Figure 4, For this evaluation, the electronics housing
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is considered as the limiting cemponent with a qualification
remperature of 303°F,
1.3 Air Operated Valves
Air operated valves are controlled by air actuators which consis. of
& junction box, limit switches, filters and a solenoid valve. Due
to the exposure of the solenoid valve, to the steady diffusion
flame it is evaluated as the limiting component with a qualification
temperature 330°F. The solenoid valve consists of a cylindrical
stainless steel housing 2%" in diameter which encloses a copper coil
and steel core assembly. The housing is connected to the stainless
steel valve body assembly by a thieaded coupling. Solenoid valves
are assumed to be exposed to the most severe burn esvironment below
the HCU floor elevation. The solenoid is shown in Figure 7.

Thermal Environment Data

The data used to evaluate the thermal response of the selected equipment
was obtained from full-scale estimates of the 1/20-scale test results,
The relevant data for equipment evaluation consists of the gas
temperature profile, flow velocity, and radiant heat fluxes from both the
flame and hot grating at the HCU floor elevation. Each piece of
equipment is evaluated based on data in the most severe burning location
of the test facility and the results are shown in Figures 3, 6, and 9.
The conta’nment sprays are credited only with lowering the free
containment gas temperature and the effects of spray impingement on
equipment ic conservatively neglected. The radiant heat flux data is
assumed tc act as a steady-state heat load to the appropriate eaquipment
surfaces independent of equipment temperature. The equipment is assumed

to be at an initial temperature of 135°F.

024rg2



Attachment 2
AECM-83/0479

3,0 Analytical Evaluation Models

For each piece of equipment analyzed, an appropriate HEATING-3? model was
constructed. These models, besides considering heat transfer from the
burn ervironment through the component, also consider radiative and
convective heat transfer across air spaces. Best estimate thermal
properties were utilized in these models; however, the geometry was
choser to maximize the thermal response of the limiting component. The
level of detail developed for each model was dependent on the geometry of
the component, material makeup and boundary conditions. Generally, a
two-dimensional analysis, as used here, has been shown to provide an
appropriate margin of conservatism to the actual equipment thermal
response,
3.1 Hydrogen Igniter Assembly
The 2-D heat transfer model for the hydrogen igniter assembly is
shown in Figure 2. The boundary conditions include forced
convection to all outer surfaces from the gas temperature at 2.5 £e.
below the HCU elevation. In addition, the radiant heat fluxes from
the flame and hot grating are applied to the bottom and top surfaces
of the assembly, respectively. Radiation and naturai convection are
modelled becween the box inner surfaces and the transformer
surfaces. The appropriate electrical heat load from igniter
operation is included in the transformer region.
3.2 Pressure Transmitter
The 2-D heat transfer model for the pressure transmitter is shown in
Figure 5. Included in the model is a representation of the
instrument rack, to which the transmitter is mounted, and the pool

ewell shield attached to the bottom of the rack. The boundary
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conditions included forced convection to all outer surfaces from the
gas temperature at 0.5 ft. above the HCU elevation. The radiant
heat flux from the flame is applied to the bottom surface of the
pool swell shield and allowed to re-radiate to the bottom of the
pressure transmitter. The surface emissivities, shape faciors and
gas absorptivities are selected so as to maximize heat transfer to
the critical components. No credit is taken for decreased flow
velocity past components due to obstructioas.
Solenoid Valve
The 2-D heat transfer model! for the solenoid valve is shown in
Figure 8. The boundary conditions include forced convection to all
cuter surfaces from the gas temperature at 2.5 ft. below the HCU
elevator. The radiant heat fluxes from the flame and hot grating
are applied to the bottom and top surfaces of the solenoid,
respectively. Radiation and natural convection are modelled between
the internal surface of the solenoid housing and coil and the core
rod. No credit is taken for shielding of the component from

supporting members.

4,0 Heat Transfer Methodology

Heat transfer to the evaluated components is based on forced convection

and radiation from the burn envirorment, conduction, natural convection

and radiation within the component.

4,1

024rgh

Forced Convection
Forced convection is based on flow past bluff bodies such as
spheres, cylinders and plates®. A commonly used relation is the

average heat transfer coefficient for flow past a cylinder.
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o hc 0 n
Nu = =CRe =¢C

Nu = Nusselt number
h = average heat transfer coefficient
D = outside cylinder diameter
K, = fluid thermal conductivity
Re = Reynolds number
V = free stream velocity
V, = fluid kinematic viscosity
C,n = coefficients - functions of Re
Similarly, the heat transfer coeff.cient in the separated wake region

behind a flat plate has been experimentally determined:

2/3
e

4,2 Natural Convection

Natural convection is calculated using the relation“:
h = hc ( T)he
where,
T = temperature difference between the surface and fluid
h = ~oefficiunt of natural convection 6 function of surface
orientation
h_ = exponent of natural convection (a function of surface

orientation
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4,3 Radiative Heat Transfer

Radiative heat transfer to the exterior surfaces of the equipment
from the burn environment is modelled by applying the appropriate
experimentally determined heat fluxes. Radiative heat transfer
between air gaps is calculated by the relation:

4 _4
02, = AF T (T,-Ty)

where,
Ql-32 = net rate of heat transfer between two surfaces
<
A1 = radiative heat transfer area

Fl_2 = radiative conductance (a function of surface emissivity,
shape factor and surface crientation)

TI'TZ = surface temperatures
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Table 1

Revised Thermal Environment Based on
1/20 Scale Test Data From .4 lbm/sec Hydrogen Flows

Temperature at HCU Floor
Temperature at 2.5' Beiow HCU Floor
Radiant Heat Flux Below HCU Floor
Gas
Crating
Radiant Heat Flux Above HCU Floor
Gas
Crating

Gas Velocity

G84spl

328°F
350°F

Btu

32007 /bhr ft2

260° Y /hr fe2

Btu/hr ft?

2200
260" Y/hr fil

26 ft/sec
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