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1. INTRODUCTION

Supplemental ECCS calculations! have been performed by B&W on behalf of the
B&W Owners Group, based on a generic, bounding assessment of the impact of
NUREG-0630 on loss-of-coolant accident (LOCA) kW/ft limits. These calcula-
tions were performed for the 2 ft core elevation and the resulting reduction
in kW/ft limit applied equally at the 4 and 6 foot core elevations. This
analysis, which did not use compensating models to offset lost margin, re-
sulted in a 0.5 kW/ft reduction on the LOCA kW/7t limits due to the use of
NUREG-0630 bounding models.

In an effort to reduce or eliminate this 0.5 kW/ft penalty, the B&W Owners
Group has established the need to consider the use of compensating models.
The FLECHT-SEASET heat transfer correlation is used to generate reflood heat
transfer coefficients. This correlation is modeled in the computer program
named FLECSET.

The work performed herein is an extension of the bounding analyses assess-
ment previously perfomed.1 The use of the FLECHT-SEASET reflood heat
transfer correlation as a compensating model results in a higher allowable
kW/ft 1imit thus resulting in regained operating margin in the technical
specification operating limits.
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2. SUMMARY AND CONCLUSION

An ECCS bounding analysis was performed with a compensating model, FLECSET,
to determine the offset of the NUREG-0630 penalty on B&W 177-fuel assembly
(FA) lowered-loop plants operating LOCA limits. The break analyzed was an
8.55-ft2 double-ended cold leg rupture at the RC pump discharge with a dis-
charge coefficient of Cp = 1.0. The LOCA limit was evaluated for the 2-ft
core elevation. Previous experience has demonstrated this elevation to be
the most sensitive with respect to clad swelling and rupture phenomena.

Implementation of NUREG-0630 with the FLECHT-SEASET reflood heat transfer
correlation resulted in no kW/ft penalty on the LOCA limit at the 2-ft core
elevation. An engineering assessment was performed for the 4 through 10-ft
LOCA limits. For the 4-ft core elevation, there is no penalty due to the
implementation of NUREG-0630 for the following reasons: (1) based on previ-
ous analysis7, the peak ruptured node cladding temperat.re was calculated to
be 1899F; therefore, sufficient temperature margin exists to meet the 10 CFR
50.46 criteria of 2200F, and (2) the FLECSET compensating model results in a
higher 21lowable kW/ft 1imit, thus resulting in no impact to the LOCA limit
at the 4-ft core elevation. For the 6-ft core elevation, the peak ruptured
node cladding temperature7 was calculated to be 2090F. Therefore utiliza-
tion of FLECHT-SEASET at the 6-ft core elevation is not expected to pro-

vide sufficient temperature margin to compensate for a 0.5 kW/ft penalty.

For the 8- and 10-ft core elevations, the peak ruptured node cladding temp-
erature’/ was found to be 1664 and 1560F, respectively. There is considered
to be sufficient temperature margin to satisfy the 2200F limit required by
10 CFR 50.46. Therefore, no LOCA limit penalty is imposed at the 8- and
10-ft core elevations. The 4 through 10-ft LOCA limits, based on NUREG-0630
and the compensating model, FLECSET, are based on comparisons to the results
at the 2-ft core elevation and are engineering judgements.




The analysis was performed for the beginning-of-life (BOL) conditions at
which the average fuel temperature is at its maximum value. At higher burn-
ups, the lower fuel temperature will result in a greater LOCA kW/ft margin
when compared to BOL.

A summary of the final results at the 2-ft core elevation along with those
given in references 1 (with NUREG-0630 plus TAC02) and 7 (with TACO2 fuel
model3 only) are shown in Table 3-1. The 177-FA lowered-loop plant LOCA
1imits for BOL are listed separately in Table 3-2.

Justification for use of the FLECSET code, utilizing the FLECHT-SEASET heat
transfer correlation, for generating reflood heat transfer coefficients is
also provided. This justification is based on (1) comparisons of calculated
heat transfer coefficients calculated by FLECSET with those calculated by
the present LBLOCA Evaluation Modei, (2) comparison with experimental data,
and (3) sensitivity studies.

Reflood heat transfer coefficients versus time were calculated for the 2-,
4-, 6-, 8- and 10-ft elevations using FLECSET and compared to those calcu-
lated by the present LBLOCA Evaluation mode! BAW-10104, Rev. 3.5 The
FLECSET refloo. heat transfer coefficients at the 2-ft core elevation are
significa~tly higher than those calculated by FLECKA?, during the early
stage of the reflood phase. These higher reflood heat transfer coefficients
allow the peak cladding temperature to be able to turn over much earlier in
the transient. The significance of this is to allow a gain of 0.5 kW/ft to
the LOCA 1imit over that predicted by the original FLECKA? evaluation model.

The FLECHT-SEASET heat transfer correlation? has been developed based on the
concept that the heat transfer coefficient is a function of the distance
from the quench front and that the integral of power is used, thus the
FLECSET correlation? is considered to be a more accurate code than FLECKA?
and would be applicable to predict refloud heat transfer coefficient to both
skewed and cosine power shapes at any given core elevation. The use of
FLECSETZ for calculating reflooding heat transfer coefficients at the 2-ft
core elevation is therefore applicable.
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Reflood heat transfer coefficients predicted by FLECSETZ at the 4-, 6-, 8-,
and 10-ft are comparable to those generated by the FLECKA? (at the 4- and
6-ft core elevations) and by the REFLECKTIO (at the 8- and 10-ft core eleva-

tions) models, and are shown to be in good agreement with those reported in
WCAP-98912 and WCAP-969911,



3. NUREG-0630 LOCA LIMIT ANALYSIS

3.1. Method of Analysis

The analytical methods used in the present study are the same as those de-
scribed in the B&W ECCS evaluation model topicals, BAW-10103A, Rev. 34 and
BAW-10104, Rev. 35, and the bounding analysis of the impact of NUREG-0630!
on LOCA and operating kW/ft limits except for the modifications explained in
the following paragraph. Figures 3-1 through 3-3 show the NUREG-0630 bound-
ing parameters as described in detail in reference 1.

A computer code called FLECSETZ:8 which was developed to predict the quench
time and heat transfer coefficient for cousine as well as skewed power
shapes, was used in this analysis. The present study consisted of running
FLECSET at 14.0 kW/ft using input on flooding rates obtained from the recent
bounding ana1ysisl. THETA 1-8% was used to generate the hot channel re-
sponse at the 14.0 kW/ft LOCA 1imit. The peak cladding temperature was com-
pared tc the 10 CFR 50.46 limit of 2200°F to determine acceptability. This
analysis was performed only for the 2-ft core elevation and was consistent
with the arproach taken for the bounding analyses of NUREG-0630 models.}

3.2. Results of Analysis

The results of this analysis are summarized and compared to the base case’
and NUREG-0630! 1imits analyses Table 3-1. The maximum clad temperature for
NUREG-0630 plus FLECSET case was calculated as 1847 and 1809°F for the rup-
tured and unruptured nodes, respectively, as shown in Figure 3-4. These re-
sults were calculated based on a 14.0 kW/ft limit at the 2-ft core eleva-
tion.




As indicated in reference 1, there was an impact of 0.5 kW/ft for the 2-,
4-, and 6-ft core 2levations due to the implementation of NUREG-0630.
However, based on the results obtained on the present study, it is shown
that, using NUREG-0630 with the FLECSET heat transfer correlaiion, no LOCA
impact nas been found at the 2-ft core elevation. This is because of the
higher heat transfer coefficients generated by the FLECSET compensating
model, which in turn resulted in a higher allowable kW/ft limit.

A 0.5 kW/ft NUREG-0630 penalty was also previously assigned to the 4- and
6-ft core elevations. These elevations are also kW/ft limited by the rup-
tured node temperatures. The peak cladding temperatures results at these
respective elevations were reviewed with the improved FLECSET heat transfer
correlation. For the 4-ft core elevation, there should be no penalty due to
the implementation of NUREG-0630 for the following reasons: (1) based on
previous analysis7. the peak ruptured node cladding temperature was calcu-
lated to be 1899°F; there should be sufficient temperature margin to meet
the 10 CFR 50.46 criteria of 2200°F and (2) the improved FLECSET compen-
sating model is expected to result in a higher allowable kW/ft limit, thus
it should allow the LOCA limit at the 4-ft core elevation to remain the
same. However, for the 6-ft core eievation, the peak ruptured node cladding
tenperature7 was calculated to be 2090°F and there may not be enough tem-
perature margin to meet the 2200°F requirements stated in 10 CFR 50.46.
Also, FLECSET may not be able to provide sufficient temperature margin to
compensate the 0.5 kW/ft penalty on the LOCA 1imit at the 6-ft core eleva-
tion. For the 8- and 10-ft core elevations, the peak ruptured node cladding
temperature7 was found to be 1664°F and 1560°F, respectively, there should
be sufficient temperature margin to satisfy the 2200°F limit required by 10
CFR 50.46. Therefore, there should be no penalty on the LOCA 1imit at the
8- and 10-ft core elevations as given in BAW-10103A, Rev. 34,

A summery of the latest 177-FA lowered loop plant LOCA analyses showing the
impacts of TAC027, NUREG-06301, and the NUREG-0630 with FLECSET are shown in
Table 3-2.
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Table 3-1. NUREG-0630 With FLECSET Offset LOCA Limit
Impact at 2-ft Core Flevation, 8.55-ft¢

DEPD, Cp = 1.0

NUREG-0630
Base case/  NUREG-06301 FLECSET

CRAFT run AD4ICLD AD4IDWU AD4IDWU
REFLOD3 run AD4IBKD AD41VUS AD4IVUS
THETA1-B run AD4ICCA AD4IEVW AEKIBUH
CRAFT, kW/ft 14,5 14,0 14,0
THETA1-B, LOCA limit 14,0 13,5 14,0

Peak temperature, °F, unrup- 1843/43.5 1692/42.5 1809/37.0
tured node/time, s

Peak temperature, °F, rup- 1934/43,5 1736/42,0 1847/37.3
tured node/time, s

Rupture time, s 21.6 22,6 17.9

End of blowdown, S 25,2 24.8 24.8

End of adiabatic heatup, s 36,0 35.5 35.5
Maximum local oxidation, % 2.14 1.52 1.67

CRAFT2 blockage, % 58.8 67.65 67.65




Table 3-2., 177-FA Lowered-Loop Plant LOCA Limits for BOL

Core elevation, ft

2 4 - B 10
BAW-10103 LOCA limits,? ku/ft 15.5 16,6 18,0 17,0 16.0
TACO2 impact,’ kW/ft -1.5 0 0 0 0
NUREG-0630(2) impactl, kw/ft -0.5 -0,5 -0.5 0 0
NUREG-0630 LOCA Limits 13.5 16.1 17,5 17,0 16.0
FLECSET-of fset, kW/ft +0,5 +0,5 0 0 0
NUREG-0630 + FLECSET(D) LOCA Vimits,
KW/ ft 14,0 16,6 17,5 17,0 16,0

(a)LOCA 1imits for 4- and 6-ft core elevations can be restored to 16,6 and
18.0 kW/ft, respectively, after a burnup of 1000 MWd/mtU, The 2-ft LOCA
limit can be increased to 15 kW/ft after a burnup of 1000 MWd/mtU and
restored to 15.5 kW/ft after a burnup of 2600 MWd/mtU,

(b)The 2- and 6-ft LOCA limit can be restored to 15.5 and 18,0 kwW/fté,
respectively, after a burnup of 1000 MWd/mtU,
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Figure 3-4. Hot Spot Clad Temperature Vs Time With
NUREG-0630 and FLECSET — 14.0 kW/ft at
2-ft Core Elevation

2000 L

1400 UNRUPTURED NODE

1200

Claoaing Temperature, F

3-8



JUSTIFICATION FOR USE OF FLECHT-SEASET HEAT
TRANSFER CORRELATION FOR GENERATING
REFLOOD HEAT TRANSFER COEFFICIENTS

4.1. Heat Transfer

The analytical methods used to evaluate reflocd heat transfer coefficients
are the same as those described in section 4.3.6.5 of BAW ECCS evaluation
model topical report BAW-10104, Rev. 35 except for the following modifica-
tions.

In pilace of the FLECKA? and REFLECHTLO evaluation models, the FLECSET mode)
is used. FLECSET is the name of the computer code which uses the
FLECHT-SEASET correlation for the calculation of reflooding heat transfer

coefficients. FLECKAS calculates heat transfer coefficients for the 2-, 4-,

and 6-ft core elevations based on flooding rates calculated by the REFLOD3
code.12 REFLECHTIO is used at the 8- and 10-ft core elevations to generate
equivalent floocding rates that are then input to FLECKA? to calculate re-
flood heat transfer coefficients. Unlike the correlation contained in
FLECKA? and REFLECHTIO, the FLECHT-SEASET heat transfer correlation? was de-
veloped based on both cosine and skewed power shapes, as shown typically in
Figure 4-13. The FLECHT-SEASET correlation? is valid for the following
ranges of parameters: flooding rate, constant or variable, from 0.4 to 10.0
in./s; system pressure, 15 to 60 psia; inlet subcooling, 16 to 140°F; ini-
tial clad temperature, 300 to 2200°F and equivalent peak power, 0.3 to 2.0
kW/ft. The FLECHT-SEASET correlation? conserves the integrated power at dif-
ferent core elevations. Figure 5-12 shows how the FLECSET code? interfaces
with the other ECCS large break LOCA codes.

To justify the use of FLECHT-SEASET correlation? as a compensating model, an
evaluation has been performed at the 2-, 4-, 6-, 8-, and 10-ft core eleva-
tions using the core flooding rates shown in Table 4-3. This analysis has
been performed with equivalent key parameters (flooding rates, system pres-

sure, peak rod power, inlet subcooling, initial clad temperature and power
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shapes) and has been consistent with the approach taken for the TACO2 LOCA
limits ana]ysis.7

The results of this analysis are summarized and compared to those given in
reference 7 as shown in Figures 4-1 hrough 4-10.
4.2. Application of FLECSETZ at 2- and

4-ft Core Elevations -- Bottom
Skewed Power Shapes

As indicated in HCAP-9891,2 the FLECHT-SEASET reflood heat transfer correla-
tion has been based on the experimental data calculated at the core
mid-plane and core exit regions. However, the FLECHT-SEASET correlation, as
discussed in reference 13, has also been designed on the concept of consider-
ing the heat transfer coefficient to be a function of the distance from the
quench front for all levels below the PCT elevation, and to be a function of
the distunce from the PCT elevation for all levels above it. The heat trans-
fer coefficient is primarily a function of the distance from the quench
front because the heat transfer required on an unwetted cladding surface
starts its development from the quench front. As suggested in WCAP-91838,

the FLECHT-SEASET correlation? could be used to predict the quench front
movement of both skewed and cosine power shapes at any elevation by using

the ratio of the integral of power. Quench time has been shown to be propor-
tional to the heat input below the quench front.}3 This heat can be reason-
ably approximated by the integral of power below the quench front. The re-
sults reported in reference 8 were found to be in good agreement. There-
fore, the FLECHT-SEASET reflood heat transfer correlation? is considered
applicable for predicting heat transfer coefficients as a function of dis-
tance from the quench front to both skewed and cosine power shapes and at
any given core level above or below the peak clad temperature elevation.

The reflood heat transfer coefficients versus time calculated by the FLECSET
code at the 2-ft core elevation, as shown in Figure 4-2, are significantly
higher than those predicted by FLECKAg, especially for the first 10 seconds
following the end of adiabatic heatup. These higher reflood heat transfer
coefficients are justified based on the following reasons:




They are in good agreement with those provided by the Westinghouse PWR
FLECHT-SZASET test data reported in WCAP-9699l1 for compatibie key
parameters as shown in Table 4-2. The heat transfer coefficients at the
l1- anc 2-ft core elevations are found to be consistently higher than
those at the 4- and 6-ft core elevations, reported in runs 31203, 31302,
34420, and 34524 of WCAP-9699, which have been excerpted and included as
Appendix A,

As indicated in reference 13 (run 15305) reflood heat transfer coeffi-
cients are found to be increasingly higher as distance moves closer
toward the quench front, especially within the range of 3-ft above the
quench front (i.e., 1- and 2-ft elevations) as shown in Figure 4-14.

This rapid rise in the reflood heat transfer coefficient is due to the
high proportion of injected water being entrained during the early stage
of the reflood phase and carried out of the rod bundle thus improving
heat transfer

To determine the effect on the reflood heat transfer coefficients due to the
change in ratio of the integral of power, two separate runs have been per-
formed using the 4- and 6-ft 1.7 axial power shapes as shown in Figure 4-13
with the same flooding rates as the 2-ft core elevation. The results show
that there is very little difference in the 2-ft reflood heat transfer coef-
ficients using the 2-, 4-, and 6-ft power shapes for the first 10 seconds
following the end of adiabatic heatup. However, after 15 seconds following
the end of adiabatic heatup, the reflood heat *ransfer coefficients at the
4- and 6-ft core elevations start to become higher than those at the 2-ft
core elevation. This is shown in Figures 4-C and 4-9. Thus, the effects of
power on the reflood heat transfer coefficients during the early stage fol-
lowing the end of adiabatic heatup are considered to be negligible.

Reflood heat transfer coefficients versus time at the 4-ft core elevation
predicted by FLECSETZ, as shown in Figure 4-3, are comparable to those calcu-

lated by FLECKA? given in reference 7. Similar results were also found in
all four cases reported in WCAP-969911 shown in Table 4-2 and in Appendix A.
Thus, 1t is concluded, based on the similarity of results, that the FLECHT-

SEASET reflood heat transfer correlation2 contained in the FLECSET code is
applicable for predicting heat transfer coefficients at the 4-ft core eleva-
tion.




4.3. Application at 6-ft Core Elevation
Symmetric (Cosine) Power Shapes

The reflood heat transfer coefficients versus :ime at the 6-ft core eleva-
tion calculated by the FLECSETZ code are reasonably comparable to those
predicted by the FLECKA? evaluation model, as shown 1n Figure 4-4., Also,
results reported in WCAP-969911 (shown in Table 4-2 and Appendix A) and in
the benchrrk tests (shown in Figures 6-6 and 6-7 of Appendix B) were found
to be in goc1 agreement. Therefore, the FLECSET reflood heat transfer cor-
relation? is also applicable to pradict the reflood heat transfer cceffi-
cient at the 6-ft core elevation.

4.4, Application at 8- and 10-ft Core Eleva-
tions -- Qutlet Skewed Power Shapes

The reflood heat transfer coefficients versus time calcuiated using FLECSET
at the 8- and 10-ft core elevations are reasonably comparable to those pre-
dicted by REFLECHT1O shown in Figures 4-5 and 4-6, respectively. The rapid
rise in reflood heat transfer coefficient at both 8- and 10-ft core eleva-
tions during the early stage of the reflood phase was also found in

uCAP-98912, as shown in Figure 4-11. To determine any possible effect c¢n

FLECSET heat transfer coefficient predictions due to initial flooding rates,
a study has been performed at the 8-ft core elevation, by reducing the ini-
tial flooding rates for the first 30 seconds following the end of adiabatic
heatup. The calculated FLECSET results, which are shown in Figure 4-7, indi-
cate a substantial drop in heat transfer coefficient during the early period
following the end of adiabatic heatup. A similar trend was also found in
the test results reported in reference 2. Thus, the reflood heat transfer
correlation in FLECSET is suitable for predicting heat transfer coefficients
at the 8- and 10-ft core elevations.




CRAFT/THETA LHR, kW/ft
CFT actuation time, s
Rupture time/blockage, %
End of blowdown, s

End of bypass, S

Mass remaining in vessel at
end of blowdown, 1bm

End of adiabatic heatup, S

Peak unruptured node cladding
temperature/time, F/s

Peak ruptured node cladding
temperature/time, F/s

Local metal-water reaction, %

Initial pin pressure, psia

Table 4-1.

Summary of LOCA Limits

Distance from bottom of core, ft

2
14.5/14.0
17.6
21.6/58.8
25.2
25.2

1604.0

36.0

1843/43.5

1934/43.4

2.12

4
16.6/16.6
17.4
23.6/61.12

25.0

1874/42.5

1899/42.6

1.90

6
18.0/18.0
17.4
23.2/60.10
24.8
24.8

1782.0

35.8

2030/43.0

2090/44

3.92

1555

8
17.0/17.0
17.4
25.3/02.34
24.6
24.6

1616.0

35.3

1848/143.7

1664/39.5

2.12

10
16.0/16.0
17.4
27.3/64.47
24.8
24.8

1878.0

35.6

1773/210.9

1560/39.5

1.78

1555
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Table 4-2,

Heat Transfer Coefficient Versus Time

Time
after h »
EOAH, s (Btu/h-ft“-F)

2-ft Core Elevation

Reference 4
Peak power run No. AEKIKQD
Tsub 0.75 kW/ft
Tinit 145°F
pressure 1900°F
inlet 40 psia
velocity variable FR
0.0 3.6459
(FR=2,758 in./s)
10.43 21,795
(FR=2.332 in./s)
19.68 23,8769

(FR=1.743 in./s)
4-ft Core Elevation

Reference 4

Peak power run No. AEXIDDO
Tsub 0.89 kW/ft
Tinit 145°F

pressure 1800°F
inlet 38 psia
velocity variable FR
0.0 4,2576
(FR=2,7872 in./s)
10.47 12,5923

(FR=2.385 in./s)

nla
(Btu/h-ft"-F)

Reference 7
run No. 31203
0,70 kW/ft
126°F
1601 °F
40 psia
1.51 in./s

4.0

22.0

35.0

Reference 7
run No. 31203
0.70 kW/ft
126°F
1601 °F
40 psia
1.51 in./s

2.0

7.0

h(‘!
(Btu/h-ft"-°F)

n(ag
(Btu/h-ft"-F)

h(G}
(Btu/h-ft"-°F)

Reference 7 Reference 7
run No, 31302 run No. 34420
0.69 kW/ft 0.74 kW/ft
126°F 124°F
1597°F 2045°F

40 psia 39 psia
3.01 in./s 1.53 in./s
4.0 3.0
4C.0 24,0
60,0 40,0
Reference 7 Reference 7
run No, 31302 run No, 34420
0.69 kW/ft 0.74 kW/ft
126°F 124°F
1597°F 2045°F
40 psia 39 psia
3.01 in./s 1.53 in./s
2.0 3.0
18,0 8.0

Reference 7
run No. 34524
1.0 kW/ft
125°F
1612°F
40 psia
1.57 in./s

3.0

28,0

41.0

Reference 7
run No. 34524
1.0 kW/ft
125°F
1612°F
40 psia
1.57 in./s

2.0

7.5




Table 4-2,

(Cont 'd)

Time .
after h h(dg
EOAH, s (Btu/h-ft"-F) (Btu/h-ft“-F)

n(a)
(Btu/h-ft"-°F )

n(a)
(Btu/h-ft“-°F)

nia)
(Btu/h-ft - °F )

4-ft Core Elevation (Cont')

13,6682
(FR=1,799 in./s)

22.08

41,81 13,9893
(FR=1.479 in./s)

6-ft Core Elevation

Reference 4 Reference 7
run No. AD4IEOA run No. 31203
0,96 kW/ft 0.70 kW/ft
init 145°F 126°F
pressure 1900 °F 1601 °F
inlet 43 psia 40 psia

velocity __variable FR 1.51 in./s

Peak power

TSub

Reference 7
run No. 31302
0.69 kW/ft
126°F
1597 °F
40 psia
3.01 in./s

0.0 4,3812 2.0
(FR=2,809 in./s)

10,91 11,8943 8.0
(FR=2.41 in./s)

21,36 12,2576 10.5
(FR=1,838 in./s)

40.46 11,2335 10.6

3.0

Reference 7
run No. 34420
0.74 kW/ft
124°F
2045 °F
39 psia
1.53 in./s

11.0

13.0

Reference 7

run No. 34524
1.0 kW/ft
125°F
1612°F
40 psia
1.57 in./s

12,0

(”)!xtrapoldted values from test data given in reference 7. flooding rate at time following end of

adiabatic heatup (EOAH).




Table 4-3. Flooding Rate Versus Time
Core Time after Flooding

elevation, end of adiabatic rate
ft heatup, s in./s
2 0.0 to 9.29 2.758
9.3 to 14.29 2.332

14.3 to 30.29 1.743

30.3 to 57.29 1.427

57.3 to end of run 1.35
4 0.0 to 9.072 2.7872
9.037 to 14.072 2.385

14.073 to 25.272 1.799

29.273 to 53.27¢ 1.479

53.273 to end of run 1.379

6 0.0 to 9.218 2.809
9.219 to 14.219 2.410

14.22 to 29.22 1.838

29.23 to 55.23 1.513

55.24 to end of run 1.407

8 0.0 to 5.063 2.793
5.064 to 30.263 2.2141

30.264 to 65.263 1.539
65.264 to 89.263 1.4361
89.264 to 139.263 1.3979
115.264 to 139.263 1.3604
139.264 to 165.263 1.3121
165.264 to 191.263 1.2447
191.264 to 215.263 1.1746

215.264 to 241.263 1.100
241.264 to 267.263 1.0228
267.264 to end of run 0.9531
10 0.0 to 5.038 2.8993
5.039 to 20.238 2.8029
20.239 to 65.238 1.5987
65.239 to 89.238 1.4727
89.239 to 115.238 1.4112
115.239 to 141.238 1.3386
141.239 to 165.238 1.2547
165.239 to 191.238 1.1618
191.239 to 217.238 1.0626
217.239 to 241.238 0.9728
241.239 to 267.238 0.8832

267.239 to 291.528 0.802

291.529 to end of run 0.802

4-8



Fioure 4-1. FLECSET Heat Transfer Coefficient Versus
Time at 2-ft Core Elevation, 14.0 kW/ft

RUN # = AEKIKQD, AEKIIVD
PRESSURE = 40.0 PSIA

PEAK POWER = .75 KW/FT

FLOODING RATE = VAR. FR-TABLE 4-3
INLET SUBCOOLING = I45°F

INIT!AL TEMP, = |900°F

ELEVATION = 2.0 FT,

2. UNIF. P. AEKIIND
I. RADIAL P. AEKIKQD

Heat Transfer Coefficient, (Btu/hr-Ft2-°F)

] 1 1 1
20 30 40 50

Time Following End of Adiabatic Heatup, s




Figure 4-2. Heat Transfer Coefficient Versus Time at
2-ft Core Elevation, 14.0 kW/ft

RUN # = AEKICDX, AEXIKQD
PRESSURE = 40.0 PSIA
PEAK POWER = .75 KW/FT
FLOODING RATE = VAR. FR-TABLE 4-3
INLET SUBCOOLING = |45°F
INITIAL CLAD TEMP. = 1900°F
ELEVATION = 2.0 FT.
e FLECKA AEKICDX
= FLECSET AEXIKQD
MR = |. RADIAL P,

Heat Transfer Coefficient (Btu/hr-Ft2-°F)

| |
30 40 50

Time Fcl'owing End of Adiabatic Heatup, s




Figure 4-3. Heat Transfer Coefficient Versus Time at

4-ft Core Elevation, 16.6 kW/ft

RUN # = ADYIFNR, AEKIDDO
PRESSURE = 38.0 PSIA

PEAK POWER = .89 KW/FT

FLOODING RATE = VAR, FR-TABLE 4-3
™ INLET SUBCOOLING = |45°F

INITIAL CLAD TEMP. = |B00°F
ELEVATION = 4.0 FT,

e FLECKA ADY| FNR

we o= FLECSET AEXIDDO
MR = |, RADIAL P,

Ft2-°F)
Heat Transfer Coefficient (Btu/nr-Ft

1 1 ! |
30 40 50 60

Time Following End of Adiabatic Heatup, s




Figure 4-4. Heat Transfer Coefficient Versus Time at
6-ft Core Elevation, 18.0 kW/ft

wmmneee  FLECKA ADY | OMH

weee FLECSET ADYIEDA
MR = |, RADIAL P,

-

RUN # = ADWICMH, ADWYIEDA
PRESSURE = 43.0 PSIA

PEAK POWER = .96 KW/FT

FLOODING RATE = VAR. FR-TABLE 4-3
INLET SUBCOOLING = IN5°F

INITIAL CLAD TEMP. = |900°F
ELEVATION = 6.0 FT,

Heat Transfer Coefficient (8tu/hr-Ft2-°F)

1 1 |
20 30 40

Time Foilowing End of Adiabatic Heatup, s




Figure 4-5. Heat Transfer Coefficient Versus Time at
8-ft Core Elevation, 17.0 kW/ft

e FLECKA (BAW-10103A, REV 3)

we=e FLECSET ADYIEBZ
MR = |. RADIAL P,

RUN # = ADMIEBZ

PRESSURE = 43.0 PSIA

PEAK POWER = .9 KW/FT

“LOODING RATE = VAR. FR-TABLE 4-3
INLET SUBCOOLING = I45°F

INITIAL 'CLAD TEMP. = 1600°F
ELEVATION = 8.0 FT.
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Heat Transfer Coefficient (Btu/hr-Ft2-°F)

Figure 4-6. Heat Transfer Coefficient Versus Time at
10-ft Core Elevation, 16.0 kW/ft
20.0
e FLECKA (BAW-10103A, REV. 3)
|
16.0 - '/'\‘ o= o = FLECSET ADYIHUE
' MR = |. RADIAL P
’
!
] \-------
12.0 ,‘ .

vl

]
]
'
'
I
8.0 4
]
]
]

RUN # = ADWIMUE

PRESSURE = 43.0 PSIA

PEAK POWER = .85 KW/FT

FLOODING RATE = VAR. FR-TABLE 4-3
INLET SUBCOOLING = I45°F

INITIAL CLAD TEMP. = |600°F
ELEVATION = 10.0 FT,

1 1 | | | |
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Time Following End of Adiabatic Heatup, s
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Heat Transfer Coefficient (Btu/hr-Ft2-°F)

Figure 4-7. Heat Transfer Coefficient Versus Time at 8-ft

Core Elevation, 17.0 kW/ft With Reduced
Flooding Rate for First 30 Seconds

20.0
e FLECSET ADYI EBZ
6.0 L —=== FLECSET AEK!PME
REDUCED FR FOR FIRST 30 SEC. AFTER
ALL MR = |, RADIAL P,
B
= - — -
120 b o Cewe®
i RUN # = ADWIEBZ, AEKIFME
' PRESSURE = 43.0 PSIA
,l PEAK POWER = .9 KW/FT
8.0 FLOODING RATE = VAR. FR-TABLE 4-3
! INLET SUBCOOLING = I45°F
[} INITIAL CLAD TEMP. = 1600°F
3 ELEVATION = 8.0 FT.
4.0
0 | 1 1 ] | | |
0 20 40 60 80 100 120 140 160

Time Foilowing End of Adiabatic Heatup, s



Figure 4-8. Reflood Heat Transfer Coefficients Versus Time at 2-ft
Core Elevation for Peak Power Shapes of 2-, 4-, and
6-ft (all peak powers at 14.0 kW/ft)

100 RUN # = AEKIKQD, AEKIMTP, AEKIMVQ
= PRESSURE = 40.0 PSIA
s PEAK POWER = VAR. KW/FT :
%~ 80 |- FLOODING RATE = VAR. FR-TABLE 4-3 /,'
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Figure 4-9, Reflood Heat Transfer Coefficient Versus Time at 2-ft
Core Elevation for Peak Power Shapes of 2-, 4-, and

6-ft (all peak powers at 14.0 kW/ft)

RUN # = AEKIKQD, AEKIMPT, AEKIMVQ
PRESSURE = 40.0 PSIA

PEAK POWER = VAR. KW/FT

FLOODING RATE = VAR. FR-TABLE 4-3
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Heat Transfer wefficient (|tu,hf'th"F)

Figure 4-10. Heat Transfer Coefficient Versus Time at 2-, 4-, 6-,

52.0

24.0
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16.0
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MEAT TRANSFER COEFFICIENT (w/m? °Ci

Figure 4-11. Heat Transfer Coefficient Correlation
Versus Data, Skewed Power Run 15132

PRESSURE = 0.27 MPa (39 peis)
PEAK POWER = 2.3 kw/m (0.7 kw/t1)
L FLOODING RATE= 152 mm/ssc (6 »m./sec) § sec

20.3 mm/sec (0.8 »./s0c)
ONWARD

INLEY SUBCOOLING = 77°C (139°F)
[ INITIAL CLAD TEMPERATURE = B46°C (1855°F)

1

- - = ROD 4G
-— wee ROD 7G

s = CORRELATION
ELEVATION 305 m (120 )
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Figure 4-12. Large Break Analyses Code Interfaces

INITIAL RC

INITIAL CORE

SYSTEM &

CORE PARAMETERS

}

1

Y THETA
MOT CHANNEL RESPONSE

|

REFLOOD MEAT TRANSFER

COEFFICIENTS

HOT PIN THERMAL RESPONSE SURFACE
HEAT TRANSFER COEFFICIENT HOT
CHANNEL FLUID TEMPERATURE

METAL -WATER REACTION

PARAMETERS
1 CRAFT MASS & ENERGY RELEASE
CORE RESPONSE DURING .
BLOWDOWN
I1 CONTEMPT
CONTAINMENT PRESSURE
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| STORED ENERGY i
- VESSEL | 1 ¥ sack pressure
*RENT |
n(t) PLOODING REFLOD 3
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*FLECHT correlation to be re-
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Figure 4-14.

Quasi Steady-State Heat Transfer Coefficient
Versus Distance From Quench Front for a
Skewed Power FLECHT Run 15305
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5. SENSITIVITY OF PEAK CLAD TEMPERATURE TO
REFLOOD HEAT TRANSFER COEFFICIENTS
AT THE 2-Ft CORE ELEVATION

A comparison of reflood heat transfer coefficients at the 2-ft core eleva-
tion has been performed using FLECKA and FLECSET at the same flooding rate
and equivalent peak power of 14.5 kW/ft. Results indicate that the heat
transfer coefficients calculated by FLECSET are significantly higher than
those predicted by FLECKA for the first 37 seconds following the end of
adiabatic heatup, as shown in Figure 5-1. The importance of the higher heat
transfer coefficient predicted by FLECSET is shown in Figure 5-2, where the
neak cladding temperature predicted by FLECSETZ is substantially lower and
turns around within the first 5 seconds when compared to that calculated
with FLECKA heat transfer coefficients. The most critical heat transfer
coefficients, as far as the PCT at the 2-ft core elevation is concerned,

are those predicted within the first 10 seconds following the end of adiabat-
ic heatup. Thus, the 14.5 kW/ft THETA case, using the heat transfer coeffi-
cients generated by FLECSET heat transfer correlationz, meets the PCT re-
quirements of 2200°F as stated in 10 CFR 50.46. The PCT response of both
ruptured and unruptured nodes evaluated at 14.5 kw/ft at the 2-ft core eleva-
tion is shown in Figures 5-3 and 5-4, respectively.



Figure 5-1. 2-ft Heat Transfer Coefficients Vs Time Generic
LBLOCA Analysis for 177-FA-LL Plants
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Figure 5-2. Peak Cladding Temperature Versus Time Generic
LBLOCA Analysis for 177-FA-LL Plants
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Peak Cladding Temperature °F (xl02)
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Figure 5-3. Peak Cladding Temperature Versus Time
Generic LBLOCA Analysis for 177-FA-LL
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2
Peak Cladding Temperature °F (x10%)

Figure 5-4. Peak Cladding Temperature Versus Time
Generic LBLOCA Analysis for 177-FA-LL
Plants (unruptured node)
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This section contains tables and plots used for data comparisons in this re-

port and were originally published in the following report:

FLECHT SEASET Program
NRC/EPRI/Westinghouse Report No, 7
NUREG/CR-1532
EPRI NP-1459
WCAP-9699

PWR FLECHT SEASET
Unblocked Bundle, Forced and
Gravity Reflood Task Data Report

Volume 2, June 1980

Table A-1

Rod T/C Elevation, m (in,) Computer channel

9G 0.305
8N 0.610
9G 0.991
8H 1,22
7 1.83 |
8K 1,98
2.29
8K 2.44
2.82 |
8H 3.05
9G 3.35
8H 3.51

This table provides a legend fer interpreting the elevations from the data

plots provided in this section.




A.

Table A-2, Run 31203 (3/16/79) Forced Reflood Test

Run Conditions

Upper plenum pressure

Initial clad temperature at
1.83 m (72 in.) elevation

Rod peak power

Flow rate

Coolant temperature

Bundle radial power profile
Disconnected rods

0.28 MPa (40 psia)

872°C (1601°F)

2.3 kK/m (0,70 kW/ft)
38.4 mn/s (1.51 in./s)
52°C (126°F)

Uni form

4G, 56
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A.

Table A-3, Run 31302 (3/21/79) Forced Reflood Test

Run Conditions

Upper plenum pressure

Rod peak power
Flow rate
Coolant temperature

Disconnected rods

Initial clad temperature at
1.83 m (72 in.) elevation

Bundle radial power profile

A-5

0.28 MPa (40 psia)

869°C (1597°F)

2.3 kW/m (0,69 kW/ft)
76.5 mm/s (3.01 in./s)
52°C (126°F)

Uni form

G, 56, 6J, 11G
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A.

Table A-4, Run 34420 (8/6/79) Forced Reflood Test

Run Conditions

Upper plenum pressure

Initial clad temperature at
1.83 m (72 in.) elevation

Rod peak power

Flow rate

Coolant temperature

Bundle radial power profile
Disconnected rods

A-7

0.27 MPa (39 psia)

1119°C (2045°F)

2.4 kW/m (0,74 kW/ft)
38.9 mm/s (1.53 in./s)
51°C (124°F)

Uni form

aG, 5G, 111J, 121k, 13JK
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Table A-5, Run 34524 (8/7/79) Forced Reflood Test

A. Run Conditions

Upper plenum pressure

Initial clad temperature at
1.83 m (72 in,) elevation

Rod peak power

Flow rate

Coolant temperature

Bundle radial power profile
Disconnected rods

A-9

0.27 MPa (40 psia)

878°C (1612°F)

3.0 kW/m (1,0 kw/ft)

39.9 mm/s (1.57 in./s)
52°C (125°F)

Uniform

4G, 56, 111JK, 121JK, 13JK
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APPENDIX B

FLECSET -~ A Computer Program
to Calculate Heat Transfer
Coefficients During Reflooding

B-1
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1. INTRODUCTION

The computer program FLECSET calculates the gquec.ach time and heat transar
coefficient for cosine as well as skewed power shapes. The caiculated heat
transfer coefficients can be used to cal:ulate fuel rod surface temperature
in computer codes like REFLOD32 and UPIFLOD® which calculate the primary
system behavier during the refill and reflood phases of a postulatad logss-of=-
coolant accicent (LOCA). These correlations were developed by Lee, Wong,

Yeh and Hochreiter! by modifying the correlations of Yeh and Lilly and
reformulating them in dimensionless form to provide better agreement with

the FLECHT as well as the FLECHT SEASET tests.
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2. HEAT TRANSFER CORRELATION

The original heat transfer correlation of Yeh and Lil!ys‘é was derived based

on the concept that the heat transfer coefficient is primarily a function of

the distance from the guench front, and the basis of this concept has been
explained in detail. The correlation predicts the quench time and the heat
transfer coefficient quite well for the FLECAT cosine power tests and the skewed
power tests with the 15x15 assembly rod bundle. However, the correlation is

not in dimensionless form; therefore, it is not general enough to be applicable

to other rod bundle geometries such as the 17x17 assembly rod bundle of the
FLECHT SEASET tests.

Lee ot 01.1 reformulated the correlation of Yeh and Lilly i1 dimensionless
form and modified it to provide hetter agreement with the data of the 15x15
FLECHT cosine power tests and skswed power tests as well as with the data
of the 17x17 FLECHT SEASET tests.

This cerrelation, like its predecessor, consists of two subcorrelations:

Quench correlation, which predicts the gquench front elevation as a
function of time

Heat transfer coefficient correlation, which predicts the heat transfer

coefficient as a2 function of the distance from the gquench front, Z-Zq

The heat trans®z- coefficient can be ccmputed as a function of time by using
the quench .orrelation, which bridges the space variable Zq and the tims
variable t. The correlations given in this section are obtained from Reference 1

except tha: they are corrected for errors as given i‘n Reference &4,




2.1, QUENCH CORRELATION

The original quench correlation has been mocified anc reformulated by Lee et al.’

in dimensionless form as follows:(‘)

G

t V. .9
gox m/ﬁlrv 0.50‘_! A " |
tVen i \
-‘tz- sle — (2=1)
B g 50,€i?it.g 0
o] sat

where

z z
" Q9 A peak .,
Q =f ;o az/ So Q' (2) ez 2-2)

@'(2) = linear power at elevd¥ion Z of one roa [j/sec-m (Btu/sec-ft)]

Z = quench elevation [m (ft)]

q

Zp“k = peak power elevation [m (ft)]

tq = quench time at elevation Zq (sec)
in = flooging rate (m/sec (ft/sec)

T = 206°C (w00%)

T aus” saturation temperature (°c (°F))

a. Whenever confusion is likely to occur, exponentiation is incicatea dy**.
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eNZg)

Tinit,a = (Tinit- T'“)O'(Zp"k) * Tearsy [(OC (F))

= cladding temperature at peak power elevation at beginnng o

Pt
init
flood (°C (°F))
and tq' peak is the quench time at the peak power elevation which is given by
iqp“k Te e 0/ 0% bl Ve2 T Te3% e’ T s
*(Rg = Foq) Frg -3
where

"
"

o = exp (- 10.09(C  aT /h )] Ls.ase(no")

Rel938 ag/ot) 0.5078 (G Orod/Zpeax’ 1.8

.
-0.7 {l-exp [-0.0000801 acmq/.,>°'“21 | J

|+ 0.5 exp (- 5.6251 (10%(a/0p")

5
“

O.SZA]

"
"

1.3 exp (- 1.652 (1077 Rcz/(og /og

"
"

17.3 exp [+ 5.6251 (10% (o, /0p°)

exp (- 7.293(10°%) Re? /(‘9 /'f)o.sza]

.2882

G

66203(s /0y

0.26
-2.8 exp [- 0.000122 Rc,’(og /a,) 2) th

L6 101552 - 0.01388 C
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Fe7g = 109 exp (<0.66 - 0.59 C1) {1 » 0.5/01 « 50

(2-8.137 (10°3) Re/(ag/ 00)0-262)) } [ppa]

Fae ® 1.0 +0.32/ [1.0 4 50.+w (5.0 = 2520 vo /o)

Fes = Fig|Fraz

Fegl = 0.3¢0.7 {1 - exp(-10.21(10°9) a.z,(.g,,,)o.sza] )
«2.9 (107 11) Re? (ag/ 0g1-0-786

exp (9.3 (10°8) Re?/(ag/ 00)0+324]

Fi82 1+0.16/(1 » 70** 1250 (Cpoe/Zpean’

«9.451 /(1 « 80** (7.14 Cg - 4.93)]

z
Q o jo"‘“ G(2) 4z [a, A Vi Pyg)

0
-4
L

(Timit = Teat)/ (T gi = Teae)

” s water density (kg/m> (Ibm/t3)]

Orog = roc diameters(m (ft)]

A, = flow ares formed by four adjacent rods [m? (1))
eg = latent hest of evaporation [kcal/kg (Btu/lam]]
TLer = Lecenfrost temperature s 2609C (5009 )

aATgqup = inlet subcocting (9T ()]
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The rationale and the method of deriving equations (2=1)ana (2-3)are as follows. In
the early FLECHT comlltion,“) the guench time was predictec only for the peak
power elevaticn. which is 1.83 m (72 in.) for the cosine power shape. In the later
vor-ion(s’nmd the present version of the FLECHT correlation, since the concept of
the heat transfer coefficient h being a function of the distance from the quench front
Z-7Zq was useq, it iz necessary to have a correlation which is able tp precict the quench
time for all elevations. Since the early FLECHT correlation predicts the quench time
at the peak power elevation quite well, it is used as a base correlation in the |ater and
the present versions [equation (2-1), which is denoted by t q, peak ; the quench time of
the other elevations is predicted by adjusting t q, peak with the integral of power Gr as
expressed in equation (2-1) .,

In the above correlation, the quench time, tq, 3 given as a function of the gquench
elevation, Z qQ In practice, it is necessary tc compute the gquench elevation as a
function of time. This can be accomplished by first computing the gquench front
velocity, Vq, for a given time t by

(Z +aZ)-2 &
V = ﬁﬁ ")
a tq a q) tq

where tq (Zq . Zq) and tq (Zq) are the quench times computed from eguation (8-1°. The
auench front elevation at the time t + At is then computed by

L« * -
Zq( at) = Zq(t) wlq At (2-5)

This method of cemputing the quench elevation as function of time is also valia for

variable flooding rates. Note that, for the variable flooding rate case, the actual ume

t is different from tq. (5,7
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It is noted that the power per flow area is preserved in the above correlation
through the parameter Cq. It is also noted that through the use of dimensionless

quench time, tqvinllq. the length effect (originally f= factor(5:7) has been take
care of automatically.

The above quench correlation has been compared with the data of the FLECHT SEASET
unblocked test series as well as with the data of the 15x15 FLECHT cosine power
test series and skewed power test series by Lee et 01.1 In particular, the
overlap runs of these three test series have been compared. The overliap tests

are the runs which have the same test conditions and the same total energy (the
integral of power plus the stored energy) below the peak power elevations, so that
the quench time at the peak power elevation is about the same. Al] these comparisons
show that the gquench time at the peak power elevation is about the same in each

set of the overlap runs, and that the predicted quench times are in good agree=

ment with the data. They also showed that the present correlation is in better

agreement with data than the previous correlations.
2-2. HEAT TRANSFER COEFFICIENT CORRELATION

As in all previous FLECHT reports, the heat transfer coefficient is defined as

h=gq T -7 )

tota1’ rod sat

where

qtotal = rod total surface heat flux, which includes raciation and convection
T - = rod surface (cladding) temperature

Tut = saturation temperature

The present heat transfer coefficient correlation is divicead inta four parts insteac of
three oarun(S)




Raaqiative Heat Transfer perioc

The radiative heat transfer perioc exists only for the case of low initial clacaing
temperature. For low initial cladaing temperature, there is practically nc vapor
generation at the beginning of flood because the rods are colc at the lower
elevation. Therefore the heat transfer during this period is essentially raciative

heat transfer.

Early ceveloping period

This pericd extends from the end of the radiative heat transfer perioc to the ume

when the heat transfer reaches a quasi-steady state (figure2=1 ). During this

developing periog, the heat transfer mechanism changes from the

radiation-dominated prereflood condition to single-phase steam flow. The

me=hanism then changes to dispersecd flow when the steam velocity becomes great
enough to carry droplets up the bundle.

Guasi-steady period

During this period the hest transfer is essentially in a quasi-steady state. This
means that the heat transfer pattern moves with the quench front; that is, the heat
trensfer ccefficient versus the distance from the quench front is essentially

unchanged with time.
Meat transfer coefficient above peak cladding temperature elevation

Because the situation above the peak ciadding temperature elevation is different
rrom that below the peak cladaing temperature elevation, it must be treatec
separately. Above the peak cladding temperature elevation, the steam
temperature may be greater than the clacaing surface temperature, ancd the heat
may be transferrea from the steam to heater rods. The FLECHT definition of heat
transfer coefficient, saturation temperature equal to sink temperature, implies
that the heat transfer coefficient is negative. Below the peak clacaing
temperature elevation, the steam temperature never becomes greater than the
cladding surface temperature. Therefore the h*»* transfer coefficient never

becomes negative.




The transition Detwean the radiative heat transfer period ana the ceveloping pericc

occurs when .’.q is equal to Z“. and the transition between the develcoing pericc arc

the quasi-s’gady period occurs when Zq is equal o Z'd . AZ’, where 7
computed from the following formulas.

n
cacazsare

The expression of the four-part heat transfer coefficient is as follows

- Radiative heat transfer perica (Zq < Z“)

T

p 'roc

-7\
@' ( initz__ro,
h:hl .Cﬁ- I..xp(. _-‘1:——/1 (2=4)

wrare Z. o is computed from the following dimensioniess expression:

ts0.as2 20t in
max” ag
('Cé boa Tinit ~ Tsa? ¥in Z, (2=73
- 0.234 . F )
- m.xrlc - Z_;; 4
anc
c o [3673 /% m¥a215 Buu/OF?nh) ] / 3600.0
@CpAkea = heat capacity of a rod (j/m-9C (Bru/ft-5F]]
Q%Z)
Tinitz * Tinie Tut)a‘;_z—-) * Taat (oc (%]
peak
- « 37 °c (700°%)
aT, . 226°C (035
{.CDA), s hest capacity af water in a channel formead Dy four agjacent rocs
| (i/meC (Bru/t-F)]
n s hest Lransfer coefficient (;/u¢~°C-m2 ;a:u,sec-°'—'-rz‘
3

1/{1 . 70% (1-0.0133 (zpw‘/cme;]}
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It is noted that the radiative heat transfer coefficient hl given by equation (2=4) is mainiy
due to the radiative heat exchange tetween the rod of interest anc its reightcer:ng
thimble and rods. Therefore, hl gepends on the temperature difference tetween ire

rods and the neighboring thimtles. The temperature difference cepencs con tne
pre-reflood heatup rate. For example, if the pre-reflood heatup rate is very 3i0w, ther
the radial temperature will be essentially uniform ana the temperature cifference
practically zm.'u that hl is also zero. The faster the heatup rate, the larger the
temperature difference and hence the larger the h . This mechanism has been giscussec
in great length in wCAP-?”l.( The heatup rate is proportional to the (0Cal power eXe:
and is inversely propertional to the heat capacity (o Cp A)roo of the roc. This leacs (o
the expression of equation (2-6).

« Developing period (Z“ < Zq < Z.d . AZ')

Nu = No.al (1 « exp (2.5 - 10K.e {Nuz- Nu l[l - oxp (2.5% - 1Q)]}

2
(1 =€ =09 xe¢ ") (2-8)

where Nu = 1 Droc /"9‘ When Zq 226" &, the heat transfer changes from the
developing pericd to the quasi-steady period, where al o 8 computec from

8z
: « 6329 (Re « a000)" 448 £ (2-9)

4
Vi 'fcg'coﬂ'v

Other paramaeters are computed as follows

Nuy = Nug « 108 oxp (-1 83105 Re/to /0,757

exp (00934 (2 - zq)/o.l (2-10)

Nux and Nu, are computad by first calculating n‘ ana n,. respectively, then ysing the
definition af 9 Nusseit number as follows

"l a from equaticon (3-4)

Nul 3 Nl O.jkg




Ny(Terz T sa0 O

32 a0 Zroa_ | o) { 1..,.9[.3.05(10'5 )R.(.g/.,r"'z“]}
eff,Z

(

(2=11)
10.714 + 0.286 [x - exp (-3.05(107%) (.q/°,>"’2“ Rc'z)] }
Nu) =z h} D‘j\‘g

The other parameters in the above correlation are

, AR
aTgq = o1, [{1e60ee|i0n | 22251 - 126

ATc
AT, = 427°C (800°F)
Tatt * Tinie* et
Q' (Z)
Toff,Z *  Toat" Tott” Tsat’ oz )
peak
x = & (Z':l - Z“)/AZ'
Oe = hydraulic diameter of channel formed by four adjacent roas (m (f2)]
o¢ s density of water at saturation temperature [kq/m’ {,lbm/ft})]
0 3 = density of steam at saturation temperature [kg/m’ (1brn/ft3‘/]
o= of = specific heat of water at saturstion temperature [i/kq-oc
(Btu/lbm-F)]
k ¢ = conductivity of waler at saturation temperature
(j/sec-2C-m (Btu/sec-F-ft)]
Q'. o = 2297 w/m = 2297 j/sec-m (0.7 kw/ft)
Quprz = Fotr @0 Z 00
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conductivity of steam at saturation temperature
{j/soc-OC-m (Btu/soc-oF-ft)]

rod diameter [m (ft)]

Vin Dc/“f

+aZ)

. . o
Quasi-steady period (Zq >2.4 »

Nu = NUZ

ok’

Above peak elevation (Z > Zp.

Q%2Z)

Nu = Nu.‘ -34.2 [l - m]cxp[-o.ﬁoxm (Z - Zp“k)/og]

where N“a =z Nul ‘or rediative heat transfer period, Nu‘,‘ = equation (2-8)

developing period, and Nu“ = Nuz for quasi-steady period.

It should be noted that, in the above correlation, all expressions are in dimersioniess
forms except equation (2-¢),which is primarily due to the radiation. Therefore
consistent units must be used.

The above correlations are valid over the following range of parametars

Pressure (P) 103 - 414 kPa (15 - 60 psia)

Iniet subcocling (T, ) 9% - 78°C (16°F - 1a07F)

Initial temperature (T, ) 149°C - 1204°C (300°F - 2200°F)
Flooding rate (V‘m) 102 - 25.4 ecm/sec (0.4 - 10 in./sec)
Equivalent peak power (Q'max, eq) 0.984 - 6.56 kw/m (0.3 « 2 kw/ft)

where the equivalent peak power is the power equivalent to the peak power of the
FLECHT cosine power shape when the integrated power is preserved. That is,




zpuk zpuk Q%2)
Qmu, eq _“0 GY2)eZ R U'!Zp“.)dz FLECHT cosine
: zpuk Q%2) Z peak G%Z)
=0 j. aZ J. de e
max ) q cﬂzpm) 0 5?{.“) FLECHT cosine

In terms of dimensioniess parameters, the above range of parameters can be written as

co[-f:"““ QY2)aZ / (o A'V.mhfa] 0.204 - 1.16
Crfe Tinie * Taa?/ Toai Tm>] 0. 146 - 6.9

0y / o4 0.000636 - 0.0036
(€ ¢ aTgug / Mg 2 0.0165 - 0.158
a.[. - ,.,] 470 - 8620

zp..k / Dmd 6l - 284

It is also noted that ths: dominating term in equation (2-3)of the quench correlation is
the first term in the expression for Fu. The next dominating term is the Drace
containing parameter CG in the expression for Ft e The third dominating term is the
prace containing ‘TSUB in the expression for F“. As for the heat transfer coerficient
correlation, since the expressicns are quite «imple, nothing can De said about
dominating terms.
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| - RADIATIVE HEAT TRANSFER
PERIOD

I - DEVELOPING PERIOD

II - QUASI-STEADY PERIOD

COLD FiLL

T S G — — — — — ———— -~

Figure 2-1. Adiabatic, Developing, and Quasi-Steady Periods in eat Transfer
Coefficient Carrelation




3. COMPUTER PROGRAM

A computer program FLECSET is written to solve the eguations given in Section 2.
Major part of the program is taken directly from the computer program given in

Reference 1 with minor corrections as given in Reference 4.

The program can be
run on CDC 7400 computer.

The geometry and power informations and the axial
location where the heat transfer coefficient is to be calculated are input by

the user. The water and steam properties are calculated using STP9

lTibrary.
The results printed out are:

quench time, heat transfer coefficient, H, quench
height, ZQ, the gquench front velocity VQ, and the core inlet velocity, VIN., A

plot capability is added to the program so that two plots, heat transfer
coefficient vs. time and quench height vs. time, will be obtained. The user
information and sample output are given in Section & and 5, respectively. A
copy of the listing of the computer program is given in Section 7.
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4, USFR INFORMATION

4-1. Input

The input to FLECSET consists of eight cards, the last four of which are myltiple
cards to input tables. A1 tables should be input with increasing values for the
independent variable (first variable in the card).

Card 1: (Format 4F10.5, I5)

OTSUB = degree of subcooling associated with the water entering the core, "

P = system pressure at end of adiabatic heat up (EQAH), psia
TINIT = Initial cladding temperature at EOAH, °F

PWFT = Design peak linear heat power rate for the elevation of a particular
power shape. KW/ft.

MR = 1 for FLECHT radial power shape
2 uniform power shape (radial)

Card 2: (Format 5F10.5, F10.8)

7 = Axial position (ft from inlet)

Z0BUG = O (if set >0 ft it prints out additional i:formation useful for
debug-Q/A purpoces)

IPEAK = Peak Temperature Elevation (ft)

DR = rod diameter (ft)

DE = hydraulic diameter of channel formed by four adjacent rods (ft)

A = flow area formed by four adjacent rods (ftz)

Card 3: (Format 3F10.8)

POPOX = P/Po factor at the end of adiabatic heat up (Q'max = PWFT x POPOX)

RCPAF = (anA) for the water (BTU/ft-F)
RCPAR = (oCpA) for rod (BTU/ft-F)




Card 4: (Format 4110)

NVIN = number of cards for the inlet velocity table (card 5), maximum 100.
NDECAY = number of cards for normalized pcwer decay (card 6), maximum 100.
NINTPR = aumber of cards for normalized integral of power (card 7), maximum 100.
NPSHAPE = number of cards for axial power shape €actor (card 8), maximum 100.
Card 5: (Format 2F10.5), maximum No. = 100

VINTM(J) = time, seconds

VINTB(J) = flooding rate from reflood, in./sec.

Card 6: (Format 2F10.5), maximum No. = 100

POCT(J) = time, tj, saconds

t

3
POCAY(J) = J: s o
J (e ]

where tiie normalized FLECHT power decay curve is shown in Figure 1 (Figure I-1,
Reference 1). A table of POCAY for ANS + 20% power decay is given ir Taple 1
(page [-6, Reference 1).

decay curve B8 (Figure 1)

Card 7: (Format 2F10.5) maximum no. = 100

QAxZQ(J) = axial location ZJ(ft)
z

3
QAXTB(J) = of [o 2o/ ) @2

« integral of axial power normalized using the maximum power.

Card 3: (Format 2F10.5), maximum no. = 100

FAXZ(J) = axial elevation Zj(ft)
FAXTB(J) = Q' (Z3,0)/Q" pax

= the axial power normalized using the peak power
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4.2. Output

/ime = time to re«ch the quench front to certain elevation Zq, seconds
(This time is equal to the actual time as long as the aquench front
propogates from the bottom to top)

H = hoa; transfer coefficient at a given height Z, BTU/hr-ftz-F and also in
W/m=-C

2Q = quench front elevation, ft, and also in m.
VQ = gquench front velocity, in/sec.

VIN = inlet flooding rate at the output time, in/sec.
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TABLE 4-1

Table of Normalized Power Decay1

J gl
[T

This is the normalized power decay relative to the normalized power decay used
in FLECHT experiment. The FLECHT decay curve is shown in Figure 4-1. ANS + 20%
power decay is used in FLECHT-SEASET tests. The PDCAY for this ANS + 20% decay
are given below.

a{}
FLECHT DECAY CURVE

POCT(J) POCAY(J)
(sec) (=)
0.00000 1.00000

20.00000 1.08500

40.00000 1.15300

60.00000 1.19800

80.00000 1.22600

100. 00000 1.24400

120.00000 1.25500

140. 00000 1.26200

160.00000 1.27000

200. 00000 1.28000

280.00000 1.29800

360.00000 1.31100

440.00000 1.31900

§20.00000 1.32400

600. 00000 1.32700

680.00000 1.32800

2000. 00000 1.33000
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5. Sample Output
A copy of sample print out 1s given in Section 5.1.5, and the
sample plots are given in Figures 5-1 and 5-2.

5.1. Sample Printout
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TABLE OF NORMALIZED POwER DECAY
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THE RESULTS OF TWIS TEST CASE Z=  6.00000 T
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TINE 'lfUINl-’f!-lfﬂt'T, HSI) P4 1R }) YA(IN/S) VINCIN/S)
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= 3.00317 3.28092  .20000 18.6542  .060%  .4T091  .a0000
7.64089 3.2092  .34a0e 18.6542  .0914¢ L4712  .80000
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6. CODE BENCHMARK

The purpose of the FLECSET computer code benchmark is to show that the predicted

results agree reasonably well with the experimental results reported in Reference 1.

1 : : ;
Lee et al. have made an extension comparison study between the correlation

(predicted) results and the measured results of FLECHT SEASET experiments. Their
predicted results have agreed reasonabiy well with the measured values. They

have also shown that the present correlation gives better comparison with “he
WCAP=9183 and WCAP-8838 data than the previous correlations given in these reports.
Comparison of the present correlation with some of the boiling water reactor (BWR)
FLECHT10 data and Semiscaie test data11 have also been made by them with reasonably

good agreement.

In the present study, nine test cases were selected from Reference 1 covering the
wide range of variables used in their experiment. The FLECSET code run ID, the
experimental test run ID and the test conditions for these nine test cases are
given in Table 6~1. Figures 6=1 through 69 shcw that the predicted heat transfer
coefficient and quench elevation vs. quench time agree well with the experimental
results.

Two additional test runs were also made using the typical input values, varia-
ble flooding rates, and skewed power shapes with peal power values at 8 feet
and 10 feet, respectively, from the bottom of the core. The FLECSET code run
ID and the initial conditions for these two test cases are also given in Table
6-1. Figures 6-10 and 6-11 give the predicted heat transfer coefficient and

quench height versus time for these two test cases.

From these results it can be concluded that FLECSET code can be used, with
confidence, to calculate the core heat transfer coefficient values during the

reflood phase of a postulated loss of coolant accident (LOCA).
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FLECSET Computer Code Listing

..‘...l‘..l...........l...........l....‘......‘.'.l!l..l

PELLOOD HEAT TRANSFER COEFFICIENT CCRRELATION
REF, =wee~ NUREG/CR-2256 NOVEMBER 1981

AT T Il e e e R R R R A R R R R L R RS R L L L

c
c
c
c
C
c
c
c

REAL XF KGoNULNUZ2 s NUIJNU

DIMENSION QAXZOU(100) QAXTE(L100)FAXTHI100),FAXZ 10D
1 +POCAY(100).POCT(L100)VINTM(100),VINTR(10O)
DIMENSION TX(200) HTCI300) ~ZONCHIT00) AFRAY(1D)
COMMONZSTP ZIUNITAIFLAGIPHASEST 4PV M, S4UX,CSUBPIT,

1 XKAPP Al BETAIL,SPEED

CALL INLIST
SEY DESUG FLAGS

I0BUG = 0
108F.G = 0

Tl e e R R R R R R A R R L R R L

GENERAL [NPUT

YTl ittt R R R TR R R R R L L R R L L L R R

OO0

READ (5,4000)0TSUBF oTINIT P WFT MR
CaLl 9XKL(!HD'SUBI‘).DYSUE.7ND(°SIA\.F.d“YlN!T(F).TANZY
Ll IMPUFTIKW/FT) JPNFT J2HNAR (B R)
1000 FOPMAT (4F10.5415)
READ (5,1010) Z+Z0BUG.ZPEAK DR DE.A
CALL PIKLISHFZIET) o7 +9HZDBUGIFT ) 4 20BUGIHZPEAKIFT) (ZPEAK
16HORLFT) DR, EHDE(FT) DE.BHAIFT2) . M)
1010 FORMATISF10.5.F10.8)
READ(5,1015) POPIX,RCPAF,RCPAR
CALL FIXL(BHPOPOX (=) POPOX SHRCFAF RCPAF . SHECPAP,RCPAR)
L1015 ENRPAT (3F10.9%)
READ (5,1020) NVINNDECAY NINTPR (NPSHPE
CALL PIKLOGMNYINJNVIN.GHNDECAY NDECAYEMNINTPR ( NINTPR,
1 BEHNPSHPE  NPSHPED
1020 FORMAT(&ILD)

TIi ittt R R R R R R R L R R L L L

TABLE OF TIME vS VIN

Tl e e e R R R R R R AL L R R L R

WRITE(6,1100)
1108 FORMAT (1HO0.2X,* TABLE OF TIME VS VIN /)
WRITE (6,1105)
1105 FORPAT (10X *TIME® 10X *VINC(IN/S)I®/)
D0 1110 J = 1.NVIN
READ (5,1300) VINTH(J)VINTBL))
WRITE (65.1301) VINTM(JIVINTBLI)
1110 CONTINUE

C TRl R R R R R R R L R L R R L R R R

c
c TASLE CF NORMALIZEC POWER DECAY
4




WRITE (6.1200)
FORMAT (1MO0,2X,*TABLE OF NORMALIZED POWER DECAY®*/)
WRITE (6,1210)
FORMAT (10X,* TINE *,10X.* PDCAY */)
D0 1220 J = 1:NODECAY
READ (5,1203) PODCTLJ).POCAYLY)
WRITE (6.130:1) POCT (J).PDCAY(J)
1220 CONTINUE

.........."...............'..............l.l.......

TABLE OF NORMALIZED INTEGRAL OF POWER

Tl e e e e e R R R R R L L Ll

OO0

WRITE (16,1230
1230 FORMAT (1MD42X,* NORMALIZED INTEGRAL CF PCWER */)
WRITE (65,1240}
1260 FORMAT (10X *HEIGHT (F/)®,5X,* QAXTBS */)
DO 1250 J = 1<NINTPR
READ !5,1300) QAXZQ(J) JOAXTB(J)
WRITE (6,1301) GAXZCU(J) . QAXTB(U)
1250 CONTINUE

.....‘..I........l.‘.".‘l.'...‘...‘I.l...l....'.ll'..

TABLE OF AXIAL POWER SHAPE FACTOR

.......'....'.‘...."".‘.........‘l......l...‘..'.....

OO0

WRITE (6,1260)
FORPAT (1M0.2X<* TASLE OF AXIAL PCWER SHAPE FACTO? *2)
MRITE (6,1270)V
FORMAT (40X % FAXT(FT) ®*,5X.* FAXTE %/)
D0 1280 J = 1 NPSHPE
READ (5,1300) FAXZ(J)FAXTBLD)
WRITE (6,1301) FAXZ(J) FAXTBMW)
1280 CONTINUE

......"'.l..l..‘."l..“l......l'O.l...l.l...l...‘.l!'.

INPUT IS CCOMPLETE

OO0

..‘.......‘..l."‘...‘".......0..'...........l““5....

1300 FORMAT(2F10.5)
1304 FORPAT (10X 42F10.5)

...'.‘....'.....l.'..l.‘....."‘.........‘l.‘......l...

STEAR® PROPEGTIES USING STP

......'...‘ll...ll...l'.‘.“..l.l...lll..lll.'......‘.‘

BRITISH UNIT
TUNIT = 2
IFLAG = |
PSAVE = P
LIGUID SAT PROPERTIES
[PHASE = -1}
CALL 22¥
HF = ™
VOLF = ¥
Tf" . 4

CPF : 1.0/C5u8PY




sa? LIO THeCONYe 3°U/S=FT=F
F s YCU‘lUNlYo‘C"E‘QVcY'/]bC’.O
SAT L10 VISCOSITY LBN/FT=-SEC
VISF = DVWLIUNITGICHEK YV T)*32.0
c SAT VAPOR PROPERTIES HG,SP.VOL
IPHASE = 1
P = PSAVE
CALL 77¢
P = PSAVE
HG = M
voLG6 = v
SAT THER. COND BTU/S-FT-F
KG = TCWI(IUNITJICHER,V,T) /73600.0
UlITEliotﬂl!fSlY.UDLFoVOLG.MF.NG.K?.KG.UISF.CPF
2on FORMAT (1 HO ¢ 2X ®*TSAT=® , F10.55X *VOLF=®,F10.08,5X.*V0LG=",
1 'll-?.Sl.'NF".F10.5.51.‘H63'.Flﬂ.S.Sl.'KFs‘.Fln.71
2 SN OKG=® FL10.B8,5X*VISC=®,F10.7,5X,*CPF=",F10.7)

o

o

PROPERTY CALCULATION IS OVER

......C............‘........l..‘........‘..‘.‘Q.‘....

CALCULATION BEGINS

.‘....‘........‘....O...‘..C....‘......l......‘..l..

OO0

WRITE (6,2050)
z.s' FO.'.' ‘1“1.9"zc”......".......‘....'/’
wWITE (6,206002
2060 FARMPAT (10X,®*THE RESULTS CF THIS TEST CASE® 5Xx,%7 = *
1 F10.5:5%X,* FT *7)
WRITE (6.,2070)
207' ’n."r (10'.zon...'..........“’...'I’,
weITE (6,2100)
2100 FORMAT (15X JuMTINE JBY JIMH BX . 6HZO(FT) BXSHA(ST DY
1 THGSHIQIM) 3N BHYO CIN/S) s b X IHVINIIN/SY)
WRITE(6,2101)
21041 FORMAT (23N JALH(BTL/HR-FT2=Fi /)
CALL INTERP(FAXZ,FAXTBNPSHPE,Z.FAX)
QMAX = PWFT*POPOX
TINITZ = (TINIT=-TSAT)I®FAXSTSAT
ML = ﬂ.215'0H£l'0.9601’5llllC'll'(l.*ﬁl’l-"lNlTl‘TOO.)IBI5.lD
IF (TINITZ «LTe 700.) Ki=0,
R40G=1,./VY0LG
@MOF=1./V0LF
RMOGF=RMOG /RHOF
CT=(TINIT=-TSAT)I/(5G0.~TSAT)
HEG=HG=HF
H=M]
HSI=H®*5,67826
0ZQ = 0.005
T=0.
20=0.
caLl l”'sl’(QIIIQ'OD'TBoﬁlNY"QZ.EI(QOIIZ’K)
CALL INTERPIVINTHM , VINTBNVINGO..VIN)
JYYPE=Q
IPLOY = 1
I =1
J=1
1% CONT INUE

c ...........“............‘..C..............O"'......

C
C COMPUTE QUENCH FRONT ELEVATION
c

B-50




c
c

..‘...........'..0‘.‘..‘.......‘..‘............0. sens

00

IF (20 .GE, 209uG) [0BUG = 1
I1F (Z08UG .LE. 0) [DBUG = ©
IF (IDBFLG JNE. 0) 1DBUG =0
20=2Q0+020
DO &0 1VO=1.2
IF (1v0 .EO. 1) ZQ=20-.0005
1F (IVO .EQ. 2) 2Q=70+.3005
CALL INTERP (QAXZQ,QAXTB.NINTPR,.ZQ,QAX)

QEQ1 = QMAX
IF(MR .EQ. 2)0EQ1 = QEQ1%1.1
QEQ = QEN%

CALL INTERP(FAXZ.FAXTB.NPSHPE, Z0.FAX)
TINITE=(TINIT=TSAT)*FAX+TSAT
DYC=8C0.
OYE'DYCI(i-OS.."(l-lO'(lelf-TSIY)/DTC-l.?B)l
TE=TINITHOTE
TEZ=TSAT+(TE-TSAT)I®FAX
QEFFZ= T FAX®.944]1
CALL INTERP(VINTM VINTBNVIN,TLVIN)
RE=VIN/L2.°RHOF*DE/ VISF
FH=1,/711.470.%%(1.~,0133%(ZPEAK/DR)))

2526320, % (RE+LD00.)** (=1,468)*VIN/12.°RHOF
1*CPFODECDE/KF*FH

15080.OSZ'QC'O"DYSUE‘VINIIZ.IOHIKI.9#31'.236'9C°ll
1‘(1'“'"TS‘Y"'lN/lz.lo"l/.95.10iclh"‘ﬂ

IF (ZAD LLE. 04) ZAD=Q.

FOYSUB=EXP (=10,09°(CPF*DTSUB/HFG))

FVINZ2=Z1.3%EXP(=1,.652E-9*RE*RE/RKDOCF**,.524)

EVINIZEXP(=7.293E~9°REPRE/RHOGF®*,.524)

‘VIN~l662ﬂBo‘Q“OGF"-Zblzlﬂ!"1.1'2.6'5"l’oﬂﬂﬁl??‘
1RE /RHOGF®*,262)

FVINS21.%.5/(1.450%%(2.-.00008137*RE/RHOGF**.262))

"l'ioOos.il'"5.6251500!'Q”OG"‘HQG"QFQG‘\

FP2217 .3%EXP (=5,6251E+08°RHOGF *PHOGF*RHOGF)

FP3I=FP1

FPU=1,4,32/70(1.450.%%15,-2520.%RKHOCF))

CT=(TINITE-TSAT)/Z(500.~TSAT)

FT1=21.,01552+.013%8°CT

FT221.05%EXP (=, 66~,53%CT)

FVSUB= 344 7% (1. ~EXP(=10.31E-AZRE®RE/PNOGT**,. 524
1"'2.95'11‘.("5"!IlNOG"‘.706'El’l-ioJE-O'ﬂE‘QE
zl.NOCF".SzbiIQX-OSOo"1'15.75‘(C’F‘DTSUGI"FG|01-333'!

IF (1DBUG .NE. 1) GO TC 00

CALL 'I(L‘1"7.1-2“20-10.3HFI!.‘ll.ZHQE-lE-?HFH.FF.ZHZS.ZS.
i 3“1‘00IQOcGNFDYSUBo‘DfsUBQSN‘VlNzoFVlﬂzo§NF'!h3-FVIN3-
2 §“f'|N~.‘V’NQQSN‘VINSQ"INSvSH‘Plv"l03“F'2c"2'3FF900F’50
3 ZHCT JCT3MFTL,FTL . 3HFT2,FT2.5HFVSUB,.FVY5UB)
CONTINUE
DO 20 K = 1.3
°°lS'-9‘01'0.!1"/.“0‘/‘/'!“‘12-/NFG

CO=QEQ*QOLS

EVO1==.7%(1,-EXPl=,0000801*RE/RHOGF®**,262))

FVO?’G.HSOf’s‘.E"l-930[‘"06"‘.507&'(CC'O‘II’EAIi"1.5

FYQ=FVQL+FVQ2

‘0‘1-'-!6/(1.070."(ll’ﬂ-’(bﬂll?fl(l°5.b5)'

1701 .480.%%(7.16%CQ~4.93))

TQ=(FDTSUB®FVQ® (FPL4FVINZ+FP2¥FVINT)
to"lNQ“'!I‘(F‘l-"z“VlNS"’bD'FVSUB‘FQ

ToA = TQ

TO'I'EIKIVIN'.DUZZO‘.E'lHOG"'(‘0262"73

TOPEAX = TQ

FR1=.§



FR2=29.

OR = QAX/QAX7PK

FQ=OR+FRITQUPEXP(~FR2%QR"*CR)

TQ=TQ*FQ

TO=Z20/YIN®12.¢(TQ=-Z0/VIN®12,0/7 11,050,

L= (TINITE=-4D00.)/7(60C.~TSAT)))

CALL INTERP(POCT PODCAY NDECAY,.TQ.PDECAY)

VEO=QEQL*PDECAY

IF (I1DBUG .NE. 1) GO TO &50

CALL PIKL(3HOEQ,0EQ,4HODLS +S0L S 4MFYQ1 . FVOL,4MFYQ 2, "V0Q2.3.

1 FYC2HFQeFQ«3IHTOA . TOAJEHTOPEAK  TOPEAK ,3HOAXCAX, 2HFQ.FQ,

4 ?NYQ.TQ.(:N'OECIY.PUECIV. IH0EQ.QEQ)
50 CONTINUE
20 CONTINUE
IF (IvQ .EQ. 1) Z01=70Q
I* (1vQ JEQ. 1) YOI=Y0
If (1va .EQ. 2) ZQ2=10
IF (1va .EQ. 2) TQR2=70
CONTINUE
V0= (202-2Q04V/1TQ2~-T01)
VO INCH=VQ®12,

r
(=]

Tl e R R R R R R R R L R R Ll

COMPUTE MHEAT TRANSFER COEFFICIENT

T 1l R R R P R R R L R L R R L R R A

OO0

IGM=7Q%, 30658

IFUJeEQul) WRITE (65422000 T «He20HST +ZOMJVAINCHLVIN
STOPE INITTAL VALUES FOF FLOT

IFtJ «NE. 1) GO YO 300

TX(IPLOY)Y) = 7

HWYC(IPLOT) = H

ZONCHLIPLOT) = Z0Q

CONTINUE

T=TeDZ2G/VQ

X=h,*(2Q0-ZAD) /25

NU1=H1/3600.°CE/XEC
H3=QEFF2/(TEZ-TSAT)/0R®1.21%(1.~EXP(~, 0000305 RE/RHOGF

1%%,.262))

2% [ T164.206% (1. ~EXP (=3 . 05E~L*RHDOGF**1,524/RE/RE)))
NU3I=HM3I®DE/XG
NUZ2=NUS*108 . "EXP (=, 000018 2*RE/REOGF**,272)1¥
1EXP (=,05364%(2~20) 70E)

IF (20 JLE. ZAD) NU=NU1
1F (20 LT, (25S¢ZA0) .ANC. ZGC «GT. ZAD) NU=NUL®
LIl =EXPI2.5%X=10.) ) #(NU2=NUL* (1. ~EXP (2 5%X=-10.1))
2% (L o~EXP (=X} =, GTAPEXP(~X"X))
IF (20 GE. (ZS+ZAD)) NuU=NU2
I (Z JLE. ZPEAX) GO TO 27
CALL INTERPIFAXZ.FAXTBNPSHPE,.Z.FAX)
CONTINUE
IF (2 GT. ZPEAK) NUSNU=&& 2% (1.~FAX)*EXP(~,00304
1*(Z2-7PEAK) 7DE)
JTYPE=JTYPE+L
H=NU*KG*3600.70E
HS I =H?5,67826
IFLIDBUG .NE. 1) GO TO S00
CALL PIKLUIMX X oSHNULNUL.2NH3 (HILIHNUINUZ,IHNUZ JNUZ2, 2HNUGNU,
i LHM M)
500 CONTINUE
[IFIJTYPE.EQ.20IWRITE (64,2200)T 4HeZQoHST JZCM VQINCH,VIN
2200 FORMAT UL 2N o F10e5.F12.0eF10.5.F12.4,3F10.57)




IF (JTYPE LEQ. 20) JTYPE=D
JEg el

STORE INFORMATION FOR PLOY
IFt] . NE . L0) CO TO 310
ITXCIPLOTY) = 7
HYCIIPLOT) = M
IFtr JGE. E0.0) HTCC(IPLCT) = 60.0
ZONCHLIPLOTY = 20
IPLOT = [PLOT+1
1 =0
CONTINUE
I=z]le}
IFL20 .GE. 12.) GO TO 30
IF(I0BUG .EQ. 1) IDEFLG = 1
G0 Y0 15
CONTINUE

...'..l‘..“..'.‘..‘.......l.‘..l..'.l‘...)......

PLOT WTC AnD 20

.Cl.....ll.‘.l......‘....l..".‘.0...!.“‘0..'..0

OO0 w

IPLOT =[PLOT=-1
STARY PLOTTING MTC CCEFF AND 20
NFLAG = 0
CALL 7PLCY(YI.NTC.Y’LOT.h~'X'F.1!HH(3TL/N‘-F72).lkAHEIT TRAN CORR
1o 13416 APRAY NFLAGY
NPLAG = O
CaLl 09Lﬁ'(Yl.Z1NCP.lPLJT-b~TY'E.bHI)(FYl'1$4GUENCF HE IGHT 4 4eb
113 ARRAYNFLAG)
NFLAG = =1
caLl QPLOTITX HTC, IPLOT I X 1Y 'lrJvh:roNl"~:G“‘°i" +NELAG)H
WRITE (E. 3000
3000 FORMAT(1HO,30H®ss®s END OF CALCULATION ®88ss)
sTop
EnD
SUBROUTINE INTERP (X .Yl X1,Y1.SLOPE)
DIMENS iON X(100)V,Y1100)
00 100 x=1,L
Ki= X
IF (xi(xXi)=-x1) 100,100,200
CONTINUE
Yi=Y(R1=1) L (X=X (K 1=1) )7 (X(KL)=X(K1=1)))
12(IYIKL)=YI(XLi=1))
SLOPE= (Y (K1) =Y IKL=1) )/ INIKL)=X(KL1=1))
RETURN
END

[ =]
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