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Effect of Rod-to-Rod Gap on Dryout Power in an ATR Fuel Bundle

Takaaki Sakai, Kohji Inukai and Satoru Sugawara

ABSTRACT

Full scale dryout tests have been conducted on an ATR 28-rod bundle
in order to study an effect of rod-to-rod gaps on the dryout power of
fuel bundle by changing its rod diameter. A correlation of two-phase
turbulent mixing factor used in a subchannel analysis code (COBRA-IV-
HTL) was developed by considering the dependence of the mixing between
subchannels on the rod-to-rod gaps, based on the test results.

- Furthermore, validation analysis was performed for a subchannel
experiment conducted in the Battele Pacific National Laboratory.

The following results were obtained from the present study.

(1) Measured dryout powers are reduced remarkably in smaller rod-to-rod
gap range than s = 1.6mm, although dryout power does not effectively
change in a rod-to-rod gap range s = 1.6mm - 2.1mm. For example, dryout
powers at s = 0.6mm are reduced to about 85% of that at s = 2.1mm. This
reduction of dryout power is seemed to be caused by the increase of
imbalance of physical properties (e.g. steam quality) in subchannels,
which originates in the decrease of turbulent mixing bhetween adjacent

subchannels by a reduction of rod-to-rod gaps.

(2) A correlation of the rod-to-rod gap dependent two-phase mixing
factor is developed taking account of the ratio of rod-to-rod pitch(P)
to rod diameter(D). The prediction accuracy of the COBRA-IV-HTL code in
which developed correlation is installed is estimated as +5% for the

dryout power data obtained in ﬁhis experiment.

Reactor Eng. Sect., S.E.D., OEC, PNC
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(3) Analytical results for PNL experiments show good agreement with

experimental results. Through the analysis, the applicability of

developed correlation to different subchannel configurations was

validated.
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v+ YANVEOSHREREBREINT VWS, LW -T, $0HBRBRESBETZZ 2 0ED
ENRYTF o AL A NVERBBER D,

H7F v YA NVEOERBEFHB I OVWRERNICE  OMEMEY S 5. RoveRIF LW
TFr 2 NEFERLALET2F + YANVOERETV., THhENOYTF + YA VTORER
Cxryy VEQRIED S B OReynoldsBIBR X 4 FREFEHEERDT VB8], [9]o F 7. Singh
(R ZHEDH 7F + A VEERESERERDP S, Bl 7o — iy — VIREESESE T
FELAS FREEBTIF VYV I BERERBILEZRLTVES, 22T, ABFTRIALD
HKBHRCE &, Fig. 33 ERTRTERESRRERLEL LAV S, —F. BEBE+
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y THELRBRERRERESTEBLE DVWTRZHROAR S FEHBARIC BV TS A bRENTE
ByF— 7 PHBERBEOSNATOWREL, 22T, S TRRowekUSinghoEREBELSEE >N
BEERF » » T2 A —p L LEEBEENFS A 79 FEBRF— s i BES &, BEEMY v »
TORETERL L ZHILRRESREAMENEREHRE T 5,

ZHEEKBRAGRE AR IAVF 4 ;XL LA/ VXE  Re, v F,/ uy FERIE ; P/DD
A E L TRADE S iKFDEBEEAL B,

B=1f (X) g (Re) »h (P/D) (3-22)

CIT, TN RZHEROKEB A ¢(Re) 3HE, h(P/D)IBEEM T v » 7OEETRITHI
THodo

FFRYIIC G2 RTTFENIERESRYL O _HRRGHRAEKTFEOEF M{Lic>WTE
A Bo Rowe[8]BUsingh[10]ic & hid, ELREEHREE /74 ) 7+ O E LT/RT & HEE
THdo Fig 3-8 6L R LI KEARBSRBERNEEERBERNED, 24U 7 20,07~
0.08{FEDR 5 VBB ¥ — 7 Wb B, Lichi-T. &I TREBESEE (X) %RowesSCOBR
AT — FORMETHELTVWE LD ELE LRig -3k RTERTERLEREL. ThERED
17775 —ELTRHVS, PO ER I Table -1ERTHREBETEL SN 3,

Table 3-1 Flow Regime Dependent Two-phase Mixing Factor

quality 0.0 0.05 0.10 0.25 0.60 1.00

f (X) 0.01 0.086 0.06 0.02 0.01 0.00%

wicy - 2D)XOFRE LT BFHIERE ; £ (Re) DRBALEST Do Table 3-1LRLAR—ZD
L RL YT 08— EHOTH T F v AN AEIEL . £OBRR>WTI0(t/h] % EEE s
LTHEOERZREBRT— 7 LHELARE, MBCH T 2 BEARRAR c OB e LTRRAD
BRioREh b,

f (Re) =7.19x10%-Re"8-933 (3-23)

Fic, 2 RoBEBRF » » 77X T 2HIERE ; 1(P/D) ORB(LEIT 5o Table $-1KT
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(2 XNZ2HOWTH T F » Y2 AVBIRETOV, B/ F v » 725X 58AFOE » 7 EBEEBA
BOHE/MEREFEMELT, BEEEY+ » 72 E(LS-RBRF— s BT A St T
BERHBEZEERD 2 L RAPELND,

t(P/D)=36.27-73. 66+ (P/D)+37.40-(P/D)? (3-24)
CIT. EwF PREANTERY 3,

Pich; P = Rod Diameter;D + Minimum Gap Space; s
tﬁL\1%&m36&%@ﬁ@mﬂ?@ﬁ0?%@\Gﬂ@ﬁ@@mﬁ%%ﬁﬁvﬁﬁo

1.03< P/D =1.13 ' (3-25)

Fig. 3-4ic BOBEEBHBBICN T 3k EFEHESE. Fig. 3-5Ic 8 DP/D e 4 2 kEREE T4, HED
BNk UP/ DR it - CERBESEREARBIL LT WS, 4. D EoHBERc Ly KD 1
GLMESHREOEFRORRELP/NDILICH T2 HEL 24V 7 40, 10BEIC>WTFig 3-6K UTFig
.3-TERY o

3-3. F34A 79 PEREAHATFRIZET 2 KEEFMT

SEER L 7-ELHESHBREHARAARF T F v v 3 VR 2 — F(COBRA-IV-HTL) & & BT,
EHBEF v » 770,55, 1.10, 1.56, 2. 10mnD0EEREFO V34 7 v FBEBLH ORI+ £
Lo F3479 FRALTCET 2 L2887 — 7 OLE % Table 3-2~Table 3-5, R
Fig. 2-11IK/R o BT RBMBEBMF v » TORPEEI F34 79 MERBAOE(E L by
—ALTWVW3, &7y R+ vy bS5 A%Fig 3-810RT o Pig. 3-8 2R RF — 7 e 3 K
5479 FERHAOFRERE R LS%UNTS S C Eibh 3,

PlLLoERE» o, BEBHE+ » T2ZRBLEY 75+ v 2 VEO _HEKRAEKAE W2
e &k - TREMBEF v » TURD LBHESGEHT B FS 47y MRRERBAZFMT &
3 EDBHRINT,
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4, HE

ATR28AZ 5% MEEAKIH L THREL - - HAARSEROBO ¥ 77 v v 5 L
RAOBAMLHERT 2720, PNLIEBVTRowe S BT 72 F + YAV TOY T F + ¥ 3 LIRS
FEER[81Ic> W T, COBRA-IV-HTL2 — FEHWTEBEBOMF ML 720

Rowe 5 DFEERIL. Fig -0 T L2, BMEHEHEF » » s =2 134 & s =0.508mD 2 4
—RADHTF ¢ YRAMOHMETRCDVWTITbhTWE, FLT, MAZRETTEAFELDY T
FrrrAAHOFCBY2ERBBRFT v VEBRAFEENTOV S, Table 3-6, 3-TICRT &£ 5
. BEEMF » » THET B ERE-TY T F 4+ YR VDOEBEBIEXD =5.37~7. 40mnE
THEAELTWS, RoveLOEBRBAR—HEZHA VT VWRVOT, AR—GOEPEBIEELELT
bde Efol BN, ME, RU 4V 7+ SOMBIEMLEIR. THP =6.3Pa. FHEG=1000~¢
000kg/m®sy 74 Y 7+ X=5%~40%5CH Y. FIEOMITICHM L EEBERLER., e
B RUOF A FROREEARB T O FRAATEEELTI W,

Rowe 5 DRERFER & SEMERK L 2 ELIREBESREGEMEIN AW RiTE Ro B O R EM£Fis.
3-10, 3-11ERdo HiziE, (RFICTR T Rowe S BERK L - LB S B HEHBE L TEB L 7
HERLSHLETRT,

B =0.0062-De/(P-D)-Re 8! (3-25)

MEHECLIFMERIITEHSTHY, ERERLO—BbBEIFTH S, Bic. KILEFvick
BIENTRER LRove 5 O ERF — 5 L& %, HEFHIC oV CFPig 3-12, Fig. 3-1812F¥o CO
BRA-IV-HTLa — Fid, BEEEIL DV TRove 5 DERF — 5 D92%% + 155N ORBECFAIL 12,
Bl VI NVERODVWTORITERLERF — 2 OB %Fig 3-14, Fig. 3-15lkFdo T ¥4
MEERDOWT I Rowe 5 DREEF — 7 0933 % L 105LIHOBETTHTETS - /2o

PEoER. FZELALZHIRBEAGREHEMERIZA TREAMESEAOY 7F +» v 2 VK
KX LToBEHTRETS S C LTS e, (FEMMidAppendix CZ2HHE)
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5 & (Nomenclature)

Cross section area

Heat conductivity

Critical heat flux

Rod diameter

Hydraulic equivalent diameter
Acceleration by gravity
Mass flux

Enthalpy

Length between subchannels
Subehannel mass velocity
Pressure

Pitch

Heat flux

Critical Power

Reynolds number

Gap space

Time unit

Temperature

Flow veloeity

Transversal Tlow velocity
Specific volume

Fuel pellet volume
Moderator volume

Turbulent mixing flow rate
Diversion cross flow rate
Mass flow rate

Axial coordinate

Quality

Distance between sub-channels
Void fraction

Turbulent mixing factor

[n2]
(W/m-X]
[¥/m?)

[m]

[m]
[m/sec?]
[ke/m? - sec)
[J/kel

[m]
[ke/m-sec]
[Pa]

[n]

[¥/n?]
(M¥]

[-1

[m]

[sec]

[C]
{n/sec]
[m/sec]
[m®/kg]
[n?]

[n®]
[kg/m-sec]
[kg/m-sec]
[t/h]

[m]

(-1

[m]

(-]

[-]
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Density

Frictional coefficient
Two phase flow multiplier
Angle from vertical

Frictional coefficient

[kg/m®]
[-]

[-]
[rad]
[~]
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Table 2-1 FBRIEBRHESHF B

5 A — & By —x Rod gap WD —=

B/ Rod gap 2. 10mn 2.10 1. 56 1. 10 0. 55
Rod #A1R 16. 46mm 16. 46 17.00 17. 50 18. 00
EAEAR 117. 8mm 117.8 117.8 117.8 117.8
2~ —4 — IR y vyl HRIRES R T R T BORE
b5 R # S H— H— H— H— H—
B REME & f—vmm 0.6~1.8 |0.6~1.1 1!0.8~1.3 0.8~1.2
L 5 W T AR 46. 9enf 46. 9 42.9 89.1 55.1%
KAEHEE 9. 70mm 9. 70 8.87 7 18 6.81
BAOAEMER 10. 3am 10. 3 9.19 8.18 7.20
=FAMmE 5. 35nf 5. 35 5..53 5. 69 5. 85
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Table 3-2 Calculational Results of Dryout Power

(s = 2.10 mm)

Flow rate Dryout power(Exp.) Dryout power(Catl.)
[t/h] [MW] [M¥]
38.6 §.71 6.52
38.8 65.68 6.48
34.1 6.18 6.12
34.4 6.22 6.18
29. 6 5.173 5.178
29.6 5.72 5. 117
24.8 5.22 5.29
24. 8 5.23 5.30
19.6 4.69 4.64
19.7 4. 70 4. 65
17.5 4.48 4.41
17.5 4. 44 4.88
4.7 4.13 4.05
14.9 4.11 4.03
12. 4 3.717 3.69
12.5 3.79 3.71
9.8 3.25 3.17
9.8 3.21 3.13
7.9 2,70 2.63
7.4 2.171 2.64
5.8 2.41] 2.34
6.8 2.41 2.34
6.0 2.16 2.10
6.0 1.86 2.10
4.9 2.1% 1.80
4.9 1.86 1.80
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Table 3-3 Calculational Results of Dryout Power

(s = 1.56 mm)
Flow rate Dryout power(Exp.) Dryout power{Cal.)
[t/h] [MW] [MW]
35.1 6.35 6.15
35.2 6.29 6.13
31.1 5.82 5.74
31.0 5.80 5.72
26.3 5.21 5.24
24. 4 5.07 5.06
19.4 4.48 4.63
39.1 6. 87 6.53
39.5 6.84 6.49
35,5 §.42 6.21
3 b 1 6.41 6.21
29.3 5.73 5.66
29.4 5,171 5.64
24.6 5.13 5.11
24,4 5.14 5.12
19.3 4,54 4.69
19.3 4.61 4.77
16.9 4.33 4.31
16.9 4.32 4.38
14.5 4.02 4. 00
14.6 4.03 4.01
12.4 3.62 3.59
12,4 3.60 3.57
9.8 3.09 3.07
9.8 3.10 3.08
7.9 2.65 2.59
7.8 2.63 2.57
7.0 2. 46 2.40
T.1 2.41 2.35
6.0 2.09 2.08
6.0 2.09 2.03
4.9 1.80 1.75
4.9 1.82 1.77
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Table 3-4 Calculational Results of Dryout Power

(s = 1.70 mm)
Flow rate Dryout power(Exp.) Dryout power{Cal.)
{t/h] [M¥] (MW ]
19.1 4.4% 4. 40
19.4 4. 40 4.35
17.0 4.16 4.11
17.2 4.13 4.08
15.1 3.90 3.84
15.0 3.89 3.83
13.1 3.58 3.52
12.5 3.59 3.51
9.9 3.03 2.96
9.9 3.05 2.98
7.9 2.55 2.49
7.9 2.53 2.47
6.8 2.25 2.19
6.8 2.24 2.18
6.0 2.02 1.96
6.1 2.02 1.96
4.9 1.72 1.67
4.9 1.70 1.65
30.1 5.41 5.29
30.4 5. 49 5.817
24.9 4.89 4.81
25.1 4.93 4.85
20.2 4. 44 4.39
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Table 3-5 Calculational Results of Dryout Power

(s = 0.55 mm)
Flow rate Dryout power(Exp.) Dryout power{Cal.)
[t/h] {MW] [M¥]
18.6 3. 84 3.85
21.1 4.18 4.20
23.5 4.36 4.35
28.5 4.81 4.83
4.9 1.63 1.59
5.0 1.63 1.5¢
6.0 1.86 1.82
5.9 1. 86 1.82
6.9 2.08 2.04
6.9 210 2.06
7.9 2.31 2.217
7.9 2.381 2.217
19.0 3.97 3.98
16.9 3.69 3.68
16.19 3.13 3.72
14.5 3.45 3.43
14.6 3.47 3.45
12.1 3.10 3.07
12,0 3.10 3.07
9.6 2.76 2.72
9.6 2.717 2.173
6.9 o 2.11 2.071
19,5 4.07 4.11
22.1 4.39 4.39
29.0 4.87 4.83
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Table 3-6 Cross-section data of PNL experiments

(s = 2.134 mm)
Ch. Area Wet-perimeter Dh Heat-perimeter
[am?] [mm] [mm] [mm]
1 35. 84 28.12 4,99 22.5
2 108. 05 53.34 8.10 45.01
Total 143, 89 71.79 7. 40 67. 51

Table 3-7 Cross-section data of PNL experiments

(s = 0.508 mm)

Ch. Aresa Wet-perimeter Dh Heat-perimeter
[am?] [mm] (min] [mm]
1 23. 96 25.71 3.66 22.5
2 76.19 49,37 6.17 45,01
Total 100. 15 T4.58 5,387 67. 51
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Tabule B-1 Experimental Results of Ring type spacer

(Minimum gap space = 2.70 mm)

Test section geometry

Number of heated rods 28
Heated Tength (L) 3700.00 mm
Axial heat flux distribution uniform
Radial heat flux distribution (outer-inner) 1.170/0.820/0.700/
Heated rods - 0D - Outer 16.46 mm
Mider 16.46 mm
Inner 16.46 mm
Presusre tube - ID - 117.80 mm
Spacing between rods (nominal) 2.10 mm
Spacing between rods and press. tube (nominal) 3.10 mm
Rods supported by ring spacers, 260 mm intvl, statig
130 mm form H, tube end
Equivalent diameter (DW) 9.717 mm
Heated equivalent diameter {DH) 12.95 mm
Perimeter -- wetted -- 1930.71 mm
Perimeter -- heated -- 1447 .62 mm
L./DW 331.16
L/DH 285.79
Heat transfer area 53562.08 CM?
Cross section flow area 46.85 CM°
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Run No. o t?h t/gzh . H;2a1/ESUb A Mkgal/ Location
871 497 71.0 39.3 8.40 278.0 288.8 15.5 7.02 36.52 1.315 TC25-3EB
871 498 71.0 39.3 8.40 278.0 290.5 11.7 7.04 37.66 1.319 TC25-3EB
871 499 71.0 39.3 8.40 275.0 289.3 13.0 6.97 36.89 1.305 TC26-3EB
871 500 70.0 34.6 7.39 278.0 290.5 10.4 6.45 39.52 1.208 TC26-3EB
871 501 70.5 34.4 7.33 278.0 290.5 11.2 6.34 39.05 1.188 TC25-30B
871 502 70.0 29.9 6.38 278.0 290.5 10.4 5.83 41.52 1.092 TC26-3EB
871 503 69.5 29.9 6.38 275.0 289.5 11.1 5.89 41.71 1.104 TC26-3EB
871 504 70.0 24.4 5.22 276.0 290.5 10.4 5.36 47.04 1.004 TC26-3EB
871 505 70.0 24.4 5.21 275.0 289.3 11.7 5.31 46.31 0.995 TC26-3EB
871 506 70.0 20.1 4.28 276.0 290.5 10.4 4.71 50.54 0.882 TC26-3EB
871 507 70.0 20.9 4.45 276.0 290.5 10.4 4.86 50.15 0.910 TC25-3DB
871 508 70.5 18.1 3.85 275.0 289.3 12.4 4.58 54.40 0.857 TC26-3EB
871 509 71.5 18.0 3.85 276.0 290.5 12.3 4.47 53.38 0.838 TC26-3EB
871 510 70.0 15.1 3.23 276.0 290.5 10.4 4.15 59.51 0.777 TC26-3EB
871 511 70.5 15.2 3.24 275.0 289.5 12.4 4,15 59.04 0.777 TC26-3EB
871 512 70.0 12.6 2.69 275.0 289.6 11.7 3.71 63.74 0.696 TC26-3EB
871 513 70.0 12.6 2.69 276.0 290.5 10.4 3.71 64.16 0.696 TC26-3EB
871 514 70.5 10.4 2.23 275.0 289.3 12.4 3.26 67.79 0.610 TC26-3EB
871 515 71.0 10.2 2.17 276.0 290.5 11.7 3.22 69.19 0.603 TC26-3EB
871 516 70.5 8.1 1.74 276.0 290.5 11.2 2.72 73.19 0.510 TC26-3EB
871 517 70.5 8.1 1.74 275.0 289.3 12.4 2.72 72.85 0.510 TC26-3EB
871 518 70.5 7.1 1.50 275.0 286.8 14.9 2.58 79.53 0.484 TC26-3EB
871 519 70.5 7.0 1.50 276.0 290.5 11.2 2.51 78.19 0.470 TC26-3EB
871 520 70.5 6.0 1.28 274.0 288.1 13.6 2.20 79.68 0.411 TC26-3EB
871 521 70.5 6.0 1.28 274.0 288.1 13.6 2.16 78.40 0.405 TC26-3EB
871 522 71.0 5.0 1.06 277.0 291.8 10.5 2.06 91.89 0.386 TC26-3EB
871 523 70.5 5.0 1.06 275.0 289.3 12.4 2.06 91.18 0.386 TC26-3EB
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Tabule B-2 Experimental Results of Plate type spacer

(Minimum gap space = 2,10 mm)

Test section geometry

Number of heated rods

Heated Tength (L)

Axial heat flux distribution .

Radial heat flux distribution (outer-inner)
Heated rods - OD -

Pressure tube - ID -
Spacing between rods (nominal)
Spacing between rods and press. tube (nominal)

Rods supported by spacers, 260 mm intvl, statig
1300 mm form H, tube end

Equivalent diameter (DW)

Heated equivalent diameter (DH)
Perimeter -- wetted --
Perimeter -- heated --

L/DW

L/DH

Heat transfer area

Cross section flow area

Quter
Mider

Inner

28

3700.00 mm
uniform
1.170/0.820/0,700/

16.
16.
16.

7.

2,
3.

381
285
53562

46
46
46
80
10
10

it |

¥
1930.
1447 .
.16
b
.08
46.

g5
71
62

85

mm
mm
Frm
mm
mm
mm

mim
mm
mm
mim



PNC TN9410 88-052

P W G Tin Hin Hsub (Q Xbo

q
Run No. MPa t/h t/m2h o¢ kcal/kg M 9 Mkcal/ Location

mZh

871 524 71.5 38.6 8.23 275.2 289.6 13.3 6.71 35.20 1.257 TC25-3DB
871 525 71.2 38.8 8.27 274.7 288.9 13.6 6.68 35.66 1.251 TC25-3DB
871 526 70.8 34.1 7.28 275.0 289.3 12.5 6.18 37.94 1.158 TC25-3DB
871 527 70.9 34.4 7.33 275.5 289.9 12.2 6.22 37.96 1.164 TC25-3DB
871 528 69.9 29.6 6.35 275.5 289.9 10.9 5.73 40.94 1.072 TC25-3DB
871 529 70.2 29.6 6.31 274,5 288.7 12.6 5.72 40.63 71.072 TC25-3DB
871 530 70.4 24.8 5.29 276.2 290.8 10.8 5.22 45.12 0.978 TC25-3DB
871 531 70.4 24.8 5.30 276.0 289.3 12.3 5.23 44.64 0.980 TC25-3DB
871 532 70.3 19.6 4.19 276.7 290.2 11.3 4.69 51.30 0.878 TC25-3DB
871 533 70.9 19.7 4.20 275.5 287.5 14.7 4.70 50.59 0.881 TC25-3DB
871 534 70.8 17.5 3.73 274.5 288.7 13.1 4.48 54,87 0.839 T7TC25-3DB
871 535 70.8 17.5 3.74 274.5 288.7 13.4 4.44 54.20 0.833 TC25-3DB
871 536 70.5 14.7 3.15 274.8 288.4 13.3 4.13 60.21 0.773 TC25-3DB
871 537 71.1 14.9 3.17 274.7 288.9 13.5 4.11 59.59 0.770 TC25-3DB
871 538 69.7 12.4 2.65 274.7 288.9 11.7 3.77 65.84 0.707 TC25-3DB
871 539 69.4 12.5 2.68 275.0 289.3 11.0 3.79 65.60 0.710 TC25-3DB
871 540 70.4 9.8 2.10 275.5 287.5 14.1 3.25 71.56 0.608 TC26-3EB
871 541 70.3 9.8 2,10 274.7 288.9 12.5 3.21 70.99 0.602 TC26-3EB
871 542 70.3 7.9 1.e8 274.,5 288.7 12.8 2.70 74.74 0,505 TC26-3EB
871 543 70.3 7.9 1.68 275.0 289.3 12.4 2.71 75.23 0.508 TC26-3EB
871 544 70.4 6.8 1.45 27/5.0 289.3 12.3 2.41 77.25 0.4b1 TC26-3EB
871 545 70.3 6.8 1.45 274.3 288.4 13.0 2.41 77.21 0.452 TC26-3EB
871 546 69.9 6.0 1.28 275.0 289.3 11.5 2.16 79.07 0.405 TC26-3EB
871 547 70.3 6.0 1,28 273.5 287.5 14.0 2.16 78.62 0.405 TC26-3EB
871 548 69.9 4.9 1.04 275.7 290.2 10.7 1.86 83.73 0.348 TC26-3EB
871 549 70.3 4.9 1.06 273.5 287.5 14.0 1.86 82.14 0.348 TC26-3EB
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Tabule B-3 Experimental Results of Plate type spacer
(Minimum gap space = 1.56 mm)

Test section geometry

Number of heated rods 28
Heated Tength (L) 3700.00 mm
Axial heat flux distribution uniform
Radial heat flux distribution (outer-inner) 1.170/0.820/0.700/
Heated rods - 0D - Quter 17.00 mm
Middle 17.00 mm
Inner 17.00 mm
Pressure tube - ID - 117.80 mm
Spacing between rods {nominal) 1.56 mm
Spacing between rods and press. tube (nominal) 2.85 mm

Rods supported by spacers, 260 mm intvl, statig
130 mm form H, tube end

Equivalent diameter (DW) 8.67 mm
Heated equivalent diameter (DH) 11.47 mm
Perimeter -- wetted -- 1978.20 mm
Perimeter -- heated -- 1495.12 mm
L/DW 426.72

L./DH 322,51

Heat transfer area 55319.29 CM?
Corss section flow area _ 42.88 CM*
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Run No. e t?h t/ﬁzh i Hiﬂa]/ESUb T M;S;*/ Location
871 580 70.8 35.1 8.18 274.5 288.7 13.4 6.35 37.64 1.151 TC25-3DB
871 581 70.6 35.2 8.21 274.0 288.1 13.7 6.29 37.00 1.141 TC25-3DB
871 582 70.8 31.1 7.26 274.7 288.9 13.1 5.82 39.12 1.056 TC25-3DB
871 583 70.6 31.0 7.24 274.7 288.9 12.9 5.80 39.07 1.051 TC25-3DB
871 584 70.4 26.3 6.13 275.2 289.6 12.0 5.27 42.40 0.956 TC25-3DB
871 585 69.9 24,4 5.69 274.3 288.4 12.4 5.07 43.94 0.920 TC25-3DB
871 586 70.3 19.4 4.52 273.5 287.5 14.0 4.48 48.90 0.813 TC25-3DB
871 674 72.3 39.1 9.11 273.8 287.8 16.0 6.87 35.95 1.245 TC25-3DB
871 675 72.1 39.5 9.22 273.3 287.2 16.4 6.84 35.17 1.240 TC25-3DB
871 676 71.3 35.5 8.29 274.3 288.4 14.2 6.42 37.44 1.165 TC25-3DB
871 677 70.3 35.1 8.18 275.2 289.6 11.9 6.41 38.39 1.163 TC24-3DB
871 678 70.0 29.3 6.84 275.5 289.9 11.0 5.73 41.41 1.039 TC25-3DB
871 679 70.1 29.4 6.85 276.2 290.8 10.4 5.71 41.38 1.035 TC25-30B
871 680 69.9 24.6 5.73 275.0 289.3 11.5 5.13 44.31 0.930 TC25-3DB
871 681 70.1 24.4 5.70 274.5 288.7 12.5 5.14 44.47 0.932 TC25-3DB
871 682 69.8 19.3 4.51 274.7 288.9 11.8 4.54 50.16 0.823 TC25-3DB
871 683 69.9 19.3 4.51 274.0 288.1 12.8 4.61 50.70 0.836 TC25-3DB
871 684 69.2 16.9 3.93 275.2 289.6 10.5 4.33 55.41 0.785 TC25-3DB
871 685 69.4 16.9 3.95 273.3 287.2 13.1 4.32 54.35 0.783 TC25-30B
871 686 69.9 14.5 3.39 275.7 290.2 10.7 4.02 60.08 0.729 TC25-3D8
871 687 69.6 14.6 3.41 274.5 288.7 11.8 4.03 59.38 0.732 TC25-308
871 688 69.7 12.4 2.89 274.5 288.7 11.9 3.62 63.01 0.656 TC25-3EB
871 689 69.9 12.2 2.85 275.5 289.9 10.9 3.60 64.04 0.6504 TC25-3EB
871 690 69.6 9.8 2,28 275.7 290.2 10.3 3.09 68.96 0.560 TC25-3EB
871 691 69.5 9.8 2.28 276.6 291.3 9.1 3.10 69.65 0.562 TC26-3EB
871 692 70.6 7.9 1.83 274.7 288.9 12.9 2.65 73.38 0.480 TC26-3EB
871 693 70.4 7.8 1.83 275.0 289.3 12.3 2.63 73.17 0.477 TC26-3EB
871 694 71.3 7.0 1.63 272.8 286.6 16.1 2.46 76.06 0.446 TC26-3EB
871 695 70.8 7.1 1.64 275.9 290.4 11.6 2.41 74.75 0.436 TC26-3EB
871 696 70.9 6.0 1.39 275.2 289.6 12.6 2.09 76.72 0.380 TC26-3EB
871 697 70.9 6.0 1.39 274.7 288.9 13.2 2.09 76.46 0.380 TC26-3EB
871 698 70.8 4.9 1.15 275.2 289.6 12.5 1.80 79.85 0.326 TC26-3EB
871 699 70.7 4.9 1.15 273.8 287.8 14.1 1.82 80.35 0.330 TC26-3EB
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Tabule B-4 Experimental Results of Plate type spacer

(Minimum gap space = 1,10 mm)

Test section geometry

Number of heated rods 28
Heated Tength (L) 3700.00 mm
Axial heat flux distribution uniform
Radial heat flux distribution {outer-inner) 1.170/0.820/0.700/
Heated rods - 0D - Outer 17.50 mm
Mider 17.50 mm
Inner 17.50 mm
Pressure tube - ID - 117.80 mm
Spacing between rods (nominal) 1.70 mm
Spacing between rods and press. tube {(nominal) 2.60 mm
Rods supported by plate spacers, 260 mm intvl, stat
130 mm form H, tube end
Equivalent diameter (DW) 7.73 mm
Heated equivalent diameter (DH) 10.16 mm
Perimeter -- wetted -- 2022.18 mm
Perimeter -- heated -- 1539.09 mm
L/DW 478.53
L/DH 364.21
Heat transfer area 56946.33 CM?
Cross section flow area 39.09 cM”
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q
Run N P W G Tin Hin Hsub Q Xbo  Mkcal/ Location
O MPa t/h t/m*h  °C kcal/kg MW % m2h

871 555 69.7 19.1 4.89 274.0 288.1 12.5 4.45 49,50 0.784 TC24-3DB
871 556 70.4 19.4 4,97 274.5 288.7 12.9 4.40 48.09 0.776 TC24-3DB
871 557 68.9 17.0 4.36 274.5 288.7 11.0 4.16 52.35 0.733 TC24-3DB
871 558 70.3 17.2 4.39 274.7 288.9 12.5 4.13 51.46 0.728 TC24-3DB
871 559 70.9 15.1 3.87 274.3 288.4 13.7 3.90 55.02 0.687 TC24-3DB
871 560 70.3 15.0 3.85 274.7 288.9 12.5 3.89 55.53 0.686 TC24-3DB
871 561 71.4 13.1 3.34 273.8 287.8 14.9 3.58 58.59 0.630 TC24-3DB
871 562 70.6 12.5 3.21 273.8 287.8 14.0 3.59 61.48 0.632 TC24-30B
871 563 70,8 9.9 2,54 274.3 288.4 13.6 3.03 65.80 0.534 TC25-3EB
871 564 70.8 9.9 2.54 274.3 288.4 13.6 3.05 66.40 0.536 TC25-3EB
871 565 70.6 7.9 2.01 273.3 287.2 14.6 2.55 69.97 0.449 TC26-3EB
871 566 70.6 7.9 2.01 273.8 287.8 14.0 2.53 69.50 0.445 TC26-3EB
871 567 70.4 6.8 1.74 274.5 288.7 12.9 2.25 71.87 0.396 TC26-3EB
871 568 70.5 6.8 1.74 274.7 288.9 12.8 2.24 71.50 0.394 TC26-3EB
871 569 70.6 6.0 1.54 273.3 287.2 14.6 2.02 73.01 0.357 TC26-3EB
871 570 70.4 6.1 1.55 274.3 288.4 13,1 2.02 72.23 0.355 TC26-3EB
871 571 70.3 4.9 1.25 272.3 286.0 15.5 1.72 75.85 0.303 TC26-3EB
871 572 70.4 4.9 1.25 273.0 286.8 14.7 1.70 75.06 0.299 TC26-3EB
871 573 71.0 30.1 7.71 275.0 289.3 13.0 5.41 37.48 0.954 TC24-3DB
871 574 71.3 30.4 7.77 274.0 288.1 14.6 5.49 37.35 0.968 TC24-3DB
871 575 68.5 24.9 6.37 275.0 289.3 9.9 4.89 41.73 0.862 TC24-3DB
871 576 70.3 25.1 6.43 275.2 289.6 11.9 4.93 41.43 0.869 TC24-3DB
871 5677 69.5 20.2 5.18 275.5 289.9 10.5 4.44 47.04 0.783 TC24-3DB
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Tabule B-5 Experimental Results of Plate type spacer
(Minimum gap space = 0,55 mm)

Test section geometry

Number of heated rods 28
Heated length (L) 3700.00 mm
Axial heat flux distribution uniform
Radial heat flux distribution (outer-inner) 1.170/0.820/0.700/
Heated rods - 0D - Quter 18.00 mm
Middle 18.00 mm
Inner 18.00 mm
Pressure tube - ID - | 117.80 mm
facing between rods (nominal) : 0.60 mm
Spacing between rods and press. tube (nominal) 2.33 mm

Rods supported by spacers, 260 mm intvl, statig
130 mm form H, tube end

Equivalent diameter (DW) 6.81 mm
Heated equivalent diameter (DH) 8 .89 mm
Perimeter -- wetted -- ' 2066.15 mm
Perimeter -- heated -- 1583.06 mm
L/DW 543.17

L/DH 416.17

Heat transfer area 58573.36 CM?
Corss section flow area 35,19 CM
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Run No. MEa tyh t/ﬁzh Tlg H;an/iZUb ﬁw Xgo M;gﬁ1/ Location
871 588 71.8 18.6 5.29 274.7 288.9 14.3 3.84 43.30 0.657 TC25-3DB
871 589 70.4 21.7 6.17 274.5 288.7 12.9 4.18 40.38 0.716 TC25-3DB
871 590 70.4 23.5 6.69 274.5 288.7 12.9 4.36 38.69 0.747 TC25-3DB
871 591 70.8 28.5 8.09 275.5 289.9 12,1 4.87 35.75 0.834 TC25-3DB
871 592 70.0 4.9 1.40 277.1 291.9 9.1 1.63 72.57 0.279 T(C26-3DB
871 593 70.0 5.0 1.42 274.0 283.1 12.9 1.63 70.91 0.279 TC26-3EB
871 594 70.6 6.0 1.70 275.3 287.2 14.6 1.86 66.97 0.318 TC26-3EB
871 595 70.5 5.9 1.68 275.5 287.5 14.2 1.86 67.82 0.319 TC26-3EB
871 596 70.8 6.9 1.97 275.9 290.4 11.6 2.08 65.40 0.357 TC24-3EB
871 597 70.6 6.9 1.97 275.0 289.3 12.5 2.10 65.56 0.359 TC26-3LB
871 598 70.9 7.9 2.26 275.2 289.6 12.6 2.31 62.80 0.395 TC24-3EB
871 599 70.8 7.9 2.25 274.3 288.4 13.6 2.31 62.93 0.396 TC24-3EB
871 602 69.8 19.0 5.39 276.2 290.8 9.9 3.97 44.90 0.680 TC25-3DB
871 603 70.3 16.6 4,73 274.3 288.4 13.0 3.69 46.97 0.632 TC25-3DB
871 604 70.1 16.9 4,79 273.5 287.5 13.8 3.73 46.65 0.639 TC25-3DB
871 605 69.2 14.5 4.11 274.0 -288.1 12.1 3.45 50.86 0.591 TC25-3DB
871 606 70.4 14,6 4,15 273.5 287.5 14.1 3.47 50.32 0.594 TC25-3DB
871 607 - 70.8 12.1 3.43 274.5 288.7 13.4 3.10 54.97 0.530 TC25-3DB
871 608 70.5 12,0 3.41 274.3 288.4 13.3 3.10 b55.25 0.531 TC25-3DB
871 609 70.6 9.6 2.72 275.2 289.6 12.3 2.76 62.29 0.472 TC24-3EB
871 610 69.5 9.6 2.73 274.5 288.7 11.7 2.77 62.20 0.474 TC25-3EB
871 611 70.6 6.9 1.96 273.8 287.8 14.0 2.11 66.14 0.362 TC24-3EB
871 612 70.3 19.5 5.53 274.7 288.9 12.5 4.07 44.23 0.697 TC25-3DB
871 613 70.2 22.7 6.45 274.3 288.4 12.9 4.39 40.46 0.751 TC25-3DB
871 614 70.7 29.0 8,25 274,0 288.1 13.9 4.87 34.44 0.834 TC25-3DB
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Table C-1-1 Corss-section data of PNL experiments
{s = 2.134 mm)
Ch. Area Wet-perimeter Dh Heat-perimeter
[am@] fmm] (am] [mm]
1 35. 84 28.72 4.99 22.5
2 108. 05 53.34 §.10 45.01
Total 143. 89 17.79 7.40 67. 51
Table C-1-2 Cross-section data of PNL experiments
(s = 0.508 mm)
Ch. Area Wet-perimeter Dh Heat-perimeter
[nm?] [nm] [mm] [nm]
1 23. 96 25.71 3.66 22. 5
2 76. 19 49,37 6.17 45. 01
Total 100. 15 74.58 5. 37 67.51
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Table C-2 Mixing factor calculated by the Rowe model on PNL experiments
Gap space Inlet enthalpy Rowe' s mixing factor, B
[mm) [Btu/1b] 1.0x10%[1b/ft%hr] 2.0x10%[1b/Tt2hr] 3.0x10%[1b/Tt2hr)
300 0. 00661 0.00617 0.00592
2.134
500 0.0240 0.0120 0.0120
360 0.0205 0.0191 0.0184
0. 508
500 — 0.0200 0.0200
Table C-3  Mixing factor calculated by the HTL model on PNL experiments
Gap space Mixing factor, B
Quality
Emm] 1.0x10%{1b/ft2hr] | 2.0x10%[1b/ft2hr] | 3.0x10%[1b/ft2hr]
0.0 0.0112 0.005¢% 0.0040
0.05 0. 0675 0.0353 0.0242
0.10 0.0675 0.0353 0,0242
2.134
0.25 0.0225 0.0118 0.0081
¢. 60 0.0112 0.0059 0.0040
1. 00 0.0056 0.0029 0.0020
0.9 0.0013 6.8x10"4 4.7x10-4
0,05 0.0078 0.004]1 0.0028
0.10 0.0078 0. 0041 0.0028
0.508
0.2% 0.0026 0.0014 9.4x10"4
0.60 0.0013 6.8x10°4 4. 7x1074
1.00 0. 00065 3. 4x10°4 2.3x1074
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Table C-4 Calculational results on PNL experiments (Gap space 2. 134mm)

Table C~5 Calculational results on PNL experiments {(Gap space 0.508mm)

Fig. C-6-1 Comparison of Enthalpy in Sub-channels (Run 25~31)
Fig. C-6-2 Comparison of Mass Flux in Sub-channels (Run 25~31)

Fig. C-T-1 Comparison of Enthalpy in Sub-channels (Run 32~38)
Fig. C-7-2 Comparison of Mass Flux in Sub-channels {(Run 32~38)

Fig. C-8-1 Comparison of Enthalpy in Sub-channels (Run 39~45)
Fig. C-8-2 Comparison of Mass Flux in Sub-channels (Run 39~45)

Fig. C-9-1 Comparison of Enthalpy in Sub-channels (Run 70~174)
Fig. C-8-2 Comparison of Mass Flux in Sub-channels (Run 70~74)

Fig. C-10-1 Comparison of Enthalpy in Sub-channels (Run T6~81)
Fig. C-10-2 Comparison of Mass Flux in Sub-channels (Run 76~81)

Fig. C-11-1 Comparison of Enthalpy in Sub-channels (Run 82~87)
Fig. C-11-2 Comparison of Mass Flux in Sub-channels {Run 82~87)

Fig. C-12-1 Comparison of Enthalpy in Sub-channels {(Run 8¢~95)
Fig. C-12-2 Comparison of Mass Flux in Sub—channels (Run 89~195)

Fig. C-13-1 Comparison of Enthalby in Sub-channels (Run 99~105)
Fig. €-13-2 Comparison of Mass Flux in Sub~channels {(Run 99~105)

Fig. C-14-1 Comparison of Enthalpy in Sub-channels (Run 108~111)
Fig. C-14-2 Comparison of Mass Flux in Sub-channels (Run 108~111)

Fig. C-15-1 Comparison of Enthalpy in Sub-channels {(Run 112~1186)
Fig. (-15-2 Comparison of Mass Flux in Sub-channels (Run 112~116)

Fig. C-16-1 Comparison of Enthalpy in Sub—channels (Run 117~120)
Fig. C-16-2 Comparison of Mass Flux in Sub-channels (Run 117~120)
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Table C-4 Calculational results of PNL experiments (Gap space 2.134mm)
Experimental condition Exit enthalpy Exit mass velocity
Run No. Case (k1/kel (kg/m?s]
P hin G q

[MPa) [kJ/kg]l | [ka/mPs] | [MH/m?] ch. ch. 2 eh. | ch. 2
PNL exp. 700, 1 695. 5 3225.0 4353.5
25 6,364 697.8 3987.38 0.0 Rowe model 697.8 697.8 3083.1 4287.1
HTL model 697. 8 697.8 3083.1 £287.1
PHNL exp. 856.0 793.2 j28z. 1 4326.4
26 6.371 100.1 4000.9 0.653 Rowe model 871. 8 803.6 3109. 6 4296.9
HTL model 880, 4 801. 5 3107. 9 4296. 9
PNL exp. 944. 4 844.3 3282.1 4367, 1
21 6,364 697.8 4014. 4 1. 044 Rove model 971. 0 §62. 4 3121.3 4310, 5
HTL model 984. 6 869.1 3117.4 4311. 8
PNL exp. 1025. 8 895.5 3282.1 4394.2
28 6,364 . 697.8 4000. 9 1. 378 Rowe model 1060. 6 916. 2 3110.9 4295.9
HTL model 1078.3 91t.9 3110.8 4295.9
PHL exp. 1095. 6 935.1 3282.1 4358.5
29 6.364 693.2 4000.9 1.669 Rowe model 1132. 6 957. 5 3103. 4 4288.4
HTL model 1184.0 952,35 8100.1 4299.5
PNL exp. 1174.6 9719, 2 3148.5 4367. 1
30 6.364 690.8 4000.9 1. 972 Rove model | 1214.2 1016.3 2586.6 4469.7
HTL model 1235. 6 1007.8 2478. 4 4505. 6
PNL exp. - - 2427. 1 4856. 9
31 6.295 695.5 4068.17 2. 142 Rowe model | 1268.5 1041.2 2205.0 41686. 5§
HTL model i271.9 1038.9 2314.8 46680, 1
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Table C-4  (Continue)
Experinental condition Exit enthalpy Exit mass velocity
Run No. Case [kJ/ke] [ke/m%s)
P hin G q
[MPa] (k1/kg) | [kg/m2s] | [M¥/n?] ch. 1 ch. 2 ch. 1 ch. 2
PNL exp. 693. 2 688. 5 2142.5 2861.7
32 6.322 688. 5 2644.7 0.0 Rowe model 692.3 690. 8 2038.4 2845.6
HTL model 692. 3 6%0.8 2038.4 2845.6
PNL exp. 925.8 830. 4 21151 2888.8
33 6.329 688.5 2644. 7 640 Rowe model 941. 17 842.3 2061. 6 2838.0
HTL model 344. 6 841. 6 2061.5 2838.0
PNL exp. 1067. 6 g14.1 2116.17 2861.7
84 6,329 686.2 2644.7 . 038 Rowe model i096.1 935.5 2066, 3 2836.4
, HTL model 1100. 5 934. 5 2065.4 2836. 7
PNL exp. 1188. 6 976. 9 1993. 1 2929.5%
35 6,322 679.2 2658.2 . 360 Rowe model 121%7.0 1010. 6 1770.8 2952. 4
HTL model 1218.1 1009. 7 17688. 9 2943.1
PNL exp. - 1028.1 1478.3 2970.1
36 6.281 690.8 2698.9 . 502 Rowe model 1294.8 1056, 6 1461.1 3109.3
HTL model 1265. 17 1056. 8 1649.4 3046.9
PNL exp. 1218.8 1186. 3% 2170.0 2915.9
317 6,295 1144. 4 2685, 3 L1687 Rowe model 1209. 9 1183.8 2081.6 2885.5
HTL nodel 1210. 4 1188.17 2081.5 2885.5
PNL exp. - 1214.2 1763.1 3038.0
38 6,281 £139. 7 2112.5 . 319 Rove model 1267.5 12158, 3 1787.1 3029.2
HTL nodel 1261. 8 1215.9 18488.3 2995.7




PNC TN9410 88-052

Table C~4  (Continue)
Experimental condition Exit enthalpy Exit mass velocity
Run No. Case (ki/ke] [ke/m?s]
P hin G q

[¥Pa] [kJ/kgl | [ke/m?s) | [M¥/n2) ch. 1 ch. 2 ch. 1 ch. 2

PNL exp. 690. 8 695. 5 922.2 1383.4

39 6.357 700.1 1315.5 0.0 Rowe model 700.1 100.1 1008. 4 £417.4
HTL model 700, 1 700. 1 1008, 4 1417. 4

PNL exp. 788, 5 768, 0 908.7 1369.8

40 6.3587 688.5 1329.1 L1581 Rowe model 806.4 761. 1 1037.0 1426.0
HTL model 798, 7 763.0 1034. 4 1426.8

PXL exp. - 842.0 9¢8. 17 1426. 8

41 6.364 659%.2 1315.5 . 384 Rowe model 953. 9 B55. 4 1046. 9 1356. 2
HTL model 937.2 859.86 1041.1 1404, 6

PNL exp. = 909. 5 922.12 1410. 5

42 6.364 690.8 1315.5 . 488 Rowe model | 1076.4 932. 1 1065.3 1398.5
HTL model 1052. 4 939. 6 1056. 8 1401.3

PNL exp. = 1009.5 & 1410.5

43 6.564 688.5 1329.1 . 138 Rowe model 1256. 8 1049.4 933, % 1480.3
HTL model 1214, 9 1055. 2 1016.8 1432.17

PXL exp. - 1067. 6 691.17 1478.3

44 6.364 690.8 1329.1 . 839 Rowe model | 13535.4 1103.2 §25.0 1496, 3
ITL model 1265.5 1114.1 990.8 1441. 3

PNL exp. = 1158. 4 705, 2 1519.0

4% 6.364 688. 5 1315.5 . 008 Réwe model | 1542, 1 i188.1 698.3 i520.2
HTL model | 1307.7 | 1218.7 | Li04.2 [ 1385.2
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Table C-4

(Continue)

Experimental condition

Exit enthalpy

Exit mass velocity

Run No. Case [ki/kgl [kg/n?s]
P hin G ¢

EMPa] (ki/kgl | [ke/m®s] | [M¥/n®] eh. 1 ¢h. 2 ch. 1 ch. 2

PNL exp. 1139.17 1165, 3 1011.2 1410, 5

10 6. 371 1189. 17 1315.5 0.0 Rowe model | 1139.7 1189, 17 1012.¢ 1416, 2
ITL model 1139.17 1189.17 1012.1 1416. 2

PHL exp. 1314.2 1268.0 881.6 1464, 7

1 6. 357 1135.1 | 1815.5 | 0.126 |Rowe model | 1264.5 1285. 7 1043. 5 1405.17
HTL model 1267.6 | 1234.7 1075.6 1395.1

PNL exp. 1402.6 1411, 9 10§7.9 1410. 5

72 6. 885 1132.8 | 1315.5 | 0.470 |Rowe model | 1438.3 1376.3 1013.3 1415.7
HTL model 1404.7 1388.8 1107, 3 1384. %

PRL exp. 1551, 4 1556, 1 476, 5 1451.2

3 6,357 1132.8 | 1302.0 | ©.790 |Rowe model | 1645.4 1535, 3 455, 1 1417.0
HTL model 1596. 1 1545.0 1062.3 1381.4

PNL exp. 1802. 7 1721.2 854.4 | 1505.4

14 §.329 1182.8 1302. 0 1. 192 Rowe model | 1925.5 1755. 6 970.6 1411.9
HTL model | 1903.4 1759. 8 1016.3 1396. 1

PNL exp. 1158.4 | 1174.8 2170.0 | 2861.7

16 §.829 1158.4 | 2644.7 | 0.0 Rowe model | [158.3 | 1158.3 2045.3 2843.0
HTL nodel 1158. 3 1158, 3 2046.3 | 2843.0

PRL exp. 1242.1 1242. 1 2007.2 | 2861.7

11 6. 336 117T7.0 | 2617.5 | 0.196 | Rowe model | 1251.1 1225.9 1860.4 | 2868.35

HTL model

1255.0 1225.0

1866. 8 2866.6
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Table C-4

{Continue)

Experimental condition

Exit enthalpy

Exit mass velocity

Run No. Case [kJ/kgl [kg/m?s]
P hin & q

{MPa] {ki/kel | [kg/m?s] | [M¥/n?] eh. | ch. 2 ch. 1 ch. 2

PNL exp. 1309.5 1253. 1 1736.0 3010.8

18 6.336 1165.3 | 2644.7 | 0.819 | Rowe model | 1284.1 | 1244.3 | 1904.1 | 2890.2
NTL model | 1281.6 | 1244.5 | 2001.7 | 2857.8

PNL exp. 1351.4 | 1297.6 | 1953.0 | 2997.3

79 6.329 1158, 7 2658.2 0.568 Rowe model 1366, 7 1293.17 1942. 17 2895.4
ETL model 1363.4 1299. 5 2178.8 2817.2

PNL exp. 1484.0 | 1444.5 | 1993.7 | 2815.9

80 6. 205 1165.3 | 2631.1 | 0.997 |Rowe model | 1492.4 | 1423.4 | 1963.0 | 2852.6
KTL model | 1474.0 | 1426.6 | 2148.9 | 2782.6

PNL exp. 1625.9 | 1500.8 | 1830.9 | 3010.8

81 §.281 1165.3 | 26351 | 1.334 |Rowe model | 1675.7 | 1497.9 | 1785.1 | 2811.6
HTL model | 1589.8 | 1512.5 | 2104.7 | 2805.5

PNL exp. 1156, 0 1160. 1 3322.8 4367.1

82 6.212 1146.7 | 4028.0 | 0.0 Rowe model | 1147.5 | 1147.2 | 3127.5 | 4326.5
NTL model | 1847.6 | 1147.2 | 3121.5 | 4326.5

PNL exp. 1658.4 | 1221.2 | 3160.0 | 4367.1

83 5. 212 1160.7 | 4000.9 | 0.319 |Rowe model | 1239.8 | 1212.9 | 2800.9 | 4394.7
ATL model | 1248.5 | 1211.2 | 2746.7 | 4416.6

PNL exp. | 1279.3 | 1246.7 | 2576.8 | 4556.9

84 6. 198 1165.3 | 3987.3 | 0.476 | Rowe model | 1283.1 | 1243.7 | 2868.0 | 4358.4
HTL model 1285. 6 1242.8 2959.4 4238, 1
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Table C-4  (Continue)
Experimental condition Exit enthalpy Exit mass veloeity
Run No. Case [kI/ke] [kg/n?s]
P hin G q

(MPa) (ki/kgl | [kg/m®s] | [MH/n?] ch. 1 ch. 2 ch. 1 ch. 2

PNL exp. 1323. 1288.6 2834.5 4462.0

85 6.185 1165.3 4000. 9 0.770 Rowe model 1354, 1291. 4 2935.5 4354. 1
KTL model 1336. 1294. 6 3199.% 4266.4

PNL exp. 1409. 1353. 7 2834. 5 4475. 6

86 6. 150 1160. 7 4000.9 i.192 Rowe model 1456, 1356. 2 2834.8 4387.4
HTL nodel 1416. 1368, 0 3228.1 4257.0

PNL exp. 1814, 1409. 6 Z712.5 4489, 1

87 6.118 1170.0 8973.8 1473 Rowe model | 1539. 1413. 4 2739.0 4383. 1
HTL model 1489, £421. 4 37T T 428776,
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Table C-5 Calculational results on PNL experiments (Gap space 0.508mm)
Experimental condition Exit enthalpy Exit mass velocity
Run Yo. Case [ki/kg] [kg/nZs)
P hin G q

(MPa) (kJ/kel | [kg/n2s] | [MK/n2] ch. 1 ch. 2 eh. 1 ch. 2
PNL exp. 1174. 6 1172.3 2821.0 4448, 4
89 6. 336 1151.4 | 4028.0 0.0 Rowe model | 1151.3 1151.3 3043.8 4387, 5
HTL nodel 1151.38 1151, 3 3043.8 43375
PHL exp, 1360. 7 1223.5 2210, 7 4692, 6
90 6. 322 1158.4 | 4055.1 | 0.319 | Rowe model | 1320.7 1221.0 2173, 6 4646. 8
HTL model 1320. 0 1226.2 2325.7 4599.0
PNL exp. 1435, 1 1274. 7 2197.1 4706. 1
91 6. 295 1158.4 | 4068.7 | 0.568 |Rowe model | 1476.0 1276. 6 2145.3 4673. 5
HTL model 1454. 3 1275.8 2468.7 4773.8
PNL exp. 169E. 0 1351.4 2061.5 4773.9
92 6. 240 1181.4 | 4082.3 | 1.006 |Rowe model | 1754.1 1360.3 1923.8 4761, 0
BTL model 1693. 2 1357.3 2407.8 4608. 8
PNL exp. 1702. 6 1421.2 2224.2 | 4T06.1
93 6.2190 1177.0 | 4068.7 | 1.192 | Rowe model | 188%.5 1425.1 1958.8 4732, 2
HTL model 1812.1 1423.4 2394, 9 4595, 6
PNL exp. 1805. 0 1437.5 2088.6 4719.17
94 §.205 1172.3 | 4041.6 1.334 | Rowe model | 1976.§ 1451.5 1926.3 4706. 8
ITL nodel 1897. 1 1450, 1 2321.0 4582. 6
PNL exp. 1870. 1 1487, 7 2115.7 4733.2
95 6.185 1167.7 4055.1 1.483 | Rowe model | 2076.0 | 1476.0 1919.4 4726.8
HTL model 1879.3 | 1475.38 2273.2 4615.5
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Table C-5

{Continue)

Experimental condition

Exit enthalpy

Exit mass velocity

Run No. Case [k)/%el [xg/m%s]
P hin G q

[4Pa] [kJ/kel | [ke/a®s] | [M¥/m?} ch. 1 ch. 2 ch. 1 ch. 2
PNL exp. 1153.17 11421 1898.1 3110.8
96 6.3186 1144. 4 2698, % 0.0 Rowe model 1144, 4 1144. 4 2031.9 2808, 6
HTL model 1144. 4 1144, 4 2031.9 2908. 6
PXL exp. 1144, 4 1158. 17 2007. 2 2943.0
98 6.308 1144, 4 2712.§ 0.0 Rowe model | 1144.4 1144. 4 2042.2 29238.2
KTL rmodel 1144.4 1144. 4 2042.2 29238.2
PNL exp. 1358. 4 1267.17 1491.9 3119.3
100 6.302 1£49. 0 2698.9 0.325 Rowe model 1412. 4 £251.8 1468.8 3085. 7
ITL model 1394, 2 1251, 8 1656.9 3026.6
PEL exp. 1493.3 1358, 4 1559.7 3065. 1
101 6.281 1156.0 2671.8 G. 574 Rowe model 1667, % 1338.5 1300.7 3162.9
HTL model 1606. 2 1337.4 1635.6 2997.6
PNL exp. 1602. 6 1428.2 1586.8 3078.86
i02 6.260 1153.7 2698.8 0.770 Rowe model 1859. 0 1395. 8 1241.8 3157.1
KTL model 1766, § 1394.2 1593.8 3045. 4
PNL exp. 1784.0 1569.6 1478.3 3092. 2
-103 6,233 1188.7 2598.19 0. 957 Rove model | 2092.5 1464. 6 1233.0 3159.9
HTL model 1871. 8 1465.6 1509.4 3073.6
PNL exp. 1958, 2 1572.4 1596.4 3160.0
104 6.205. 1153.17 2698. 8 1.192 Rovwe podel 2257.3 1525.90 1302.8 31387.9
ITL model 2153. 8 1528.2 1434.2 3086.6
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Table €~5  (Continue)
Experimental condition Exit enthalpy Exit mass velocity
Run No. Case [ki/kg) [kg/n%s)
P hin G q

[¥MPa] [kJ/kgl | (ke/m?s) | {HK/n?) ch. 1 ch. 2 ch. ch. 2
PHL exp. 2053.9 1602. 6 1410. 5 3200.7
105 6.191 1151. 4 2726.0 1. 3834 Rowe model | 2345.3 1359. 8 1380.4 3149.2
HTL model 2276.1 1867.7 1394.7 3144. 17
PNL exp. 693.2 690. 8 2821.0 4570. 5
108 §.233 693. 2 4082.3 0.0 Rove model 693.1 693.1 3071.5 4400.1
HTL model 693.1 §93.1 3071.5 4400.1
PNL exp. 1181. 6 1011.8 2726.0 4556. 9
108 6.285 702. 5 4068. 7 1,369 Rowe model 1236. % 1055, 7 1468.8 4559. 4
HTL model 1380.9 1006. 4 1656.9 4749, 8
PNL exp. 1239. 8 1032. 7 2400.5 4679.0
119 6.802 690. 8 4068. 1 1.511 Rowe model 1294.6 1041.1 211¢.4 4684. 5
HTL model 1469. 6 1028. 9 1679. 7 4820.0
PNL exp. 1239.8 1032. 17 2400. 5 4679.0
111 6.302 £90. 8 4068, 7 1. 581 Rowe model | 1294.8 1041.1 2110.4 4684. 5
HTL model 1469. 8 1028. 9 1679. 7 4820.0
PNL exp. 488, 6 886. 2 1912. 3 2970.1
112 6.302 670.0 2726.0 0,808 Rowe model i014.6 870.9 2065.86 2938. 17
HTL model 1085. 4 855.4 2059.8 2935.5
PNL exp. 1144.2 965. 3 1885, 2 2970.1
113 6.316 702. 5 2685.3 0.798 Rowe model | 1166.6 972. 8 2030.8 2891.1
HTL model 1267.8 964. 5 1608.8 2023.9
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Table C-5 (Continue)
Experimental condition Exit enthalpy Exit mass velocity
Run No. Case [kJ/xe) {kz/m?s]
P hin t q

[MPa] [ki/kgl | [ke/m®s] | {MK/m?) ch. 1 ch. 2 ch. 1 ch. 2

PHL exp. 1256. 0 1446. 17 1437.6 3692.2

114 6.309 688. 5 2698.9 1.028 Rowe model 1301.4 1047. 9 1435.9 3096. |
‘HTL nodel 1471, 17 1033. 9 1189.6 3178.1

PNL exp. 1332.8 1070. 0 1207.0 3200.7

115 6. 309 688. § 2698.9 1,095 Rowe model 1358. 1 1073.1 1271.5 3147. 8
HTL model 1546.17 1056. 9 1113.8 3197.4

PNL exp. T11.8 697.8 1858.0 2943.0

116 6.308 688. 5 2685. 3 0.0 Rowe model 688. 5 638, § 2010.9 2896.8
HTL model 688. 5 688. 5 2012.9 2896.8

PNL exp. 702. 5 697. 8 935.8 1519.0

1117 6.329 688. & 1369.8 0.0 Rowe model 688, % 688. 5 1025.1 1479, 4
HTL model 688.5 688. 5 L.21.1 1479. 4

PNL exp. 893.2 900.2 962. 9 1573.2

118 6.322 688. & 1383. 4 0.338 Rove model 1061.1 911. 4 1072. 6 1481.1
HTL modsl 1132.5 §94. 7 1082.0 1478.1

PNL exp. 1158. 4 ig21.1 949.4 1546. 1

£y 6.322 695. 5 1369.8 0. 498 Rowe model | 1252.1 1033. 8 933.6 | 1507.0
HTL nodel 1378. 0 i018.2 825.6 1500. 9

PNL exp. 1314.2 1981. 6 691.1 1546.1

120 §.322 693.2 1369.8 0.577 Rowe model 1358. 9 1089. 6 118.2 1507. 0
HTL model 1495. 8 1070, 3 152. 5 1500. 8
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