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Pool boiling experimental study on the impact of deposition on the critical heat flux of
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Abstract  [Background] During nuclear reactor operation, the deposition of corrosion particles on fuel cladding
alters its surface characteristics, thereby affecting the critical heat flux. However, the lack of structural parameters of
the deposited layer has hindered theoretical analysis of its influence on boiling crisis. [Purpese] This study aims to
investigate the effect of deposition on the critical heat flux by experimental exploration. [Methods] The experiments
were performed in a pool boiling facility using Inconel-625 alloy test sections. First, the baseline critical heat flux
(CHF) of smooth rods was measured. Then, Fe/Ni oxide particle suspensions were introduced to form deposition
layers under controlled conditions. After 72 h of operation, the CHF of deposited surfaces was measured and

compared with baseline values. Finally, surface characterization including contact angle measurements and Scanning
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Electron Microscope (SEM) analysis was conducted to examine the deposited layers’ properties. [Results] The

experimental results show that the deposited surface exhibits a roughness range of 2~10 um, a static contact angle of

20°~38°, and a porosity of 0.4~0.6. The average CHF of the smooth rod before deposition is 1 240 kW - m™, while

that of the deposited rod increases to 1 419 kW -m™, representing a 14.4% enhancement. Furthermore, comparison of

the experimental data with that of existing CHF models account for surface characteristics. The Kandlikar model

demonstrates acceptable accuracy in predicting CHF for deposited rods, with errors within 8%. [Conclusions] The

experimental results of this study indicate that deposition has an enhancing effect on the critical heat flux, and these

findings provide important insights for assessing the impact of corrosion particle deposition on reactor safety.

Key words Pool boiling experiment, Particle deposition, Critical heat flux, Surface characteristics
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Fig.1 Schematic diagram of pool boiling apparatus
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Fig.2 Schematic diagram of test rod
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Table 1 Test tube parameters

%l Materials K& Length / mm 4% Outer diameter / mm N 4% Inner diameter / mm
KR 625 Inconel-625 320.00 9.50 8.30

45 Copper 180.00 12.00 8.30
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Table 2 Experimental conditions

TS VIR DU [A] NiO % Fe,O, W EE NiO 4% Fe,0, H1%
Test No.  Deposition heat flux  Deposited time ~ NiO concentration ~ Fe,O, concentration NiO diameter ~ Fe,O, diameter
/kW-m* /h /mg-L" /mg-L"' / um / um
Test 0 — — — — — —
Test 1 230.00 72 50 100 5 1
Test 2 230.00 72 30 60 5 1
Test 3 230.00 72 10 20 5 1
Test 4 230.00 72 — 90 - 0.02
Test 5 230.00 72 - 90 - 0.05
Test 6 230.00 72 — 90 — 0.2
Test 7 230.00 72 — 90 — 1
2 BIESRh TEIRZE T R IAE R
\ 22 AHREMSH
2.1 HIEALIE e e e e
0 X BB B (O, 5 A v A T AR
IR A AR A CO TR s 2 ok S ot U 38 2
o=ur D g X S BL R v g S Y
A UM NSRBI R SSER g Hop s BB 2 VOB BCT SR Tl
AR RSB RS- I 2 e LR B A 2 BT T 223,
q:%:;Y%%z @) S0 T IR R (), X st ph A B
’ MR (4D T AT 7/\Tﬁﬁmf”ﬁﬁﬂiﬁ(5)m%1
A=mnxL xd, 3)

o LA do oy 3R SESR B K B A MR . SEIR
AR, RHZS T hRiEM e R AR EE. B
RS FE o, BLO.S VN KBS i I ah =,
2 R 4EFE 3 min, DU AR BIHCFEDIRES . IR
TR FEE 1) A s i T P R L T R R A W

SO A IR+ 22 W5 00 1) 418 A (v ) B T i A Ak g
FEHE L 30 °C , BAT — I 5503 FE #E i 400 °CH 5 [ i
AR o o AR UL T O 5% o Ay 2 T L AR S i
R BLS , Wi R 36 E MUAfA CHF R4 . e
CHEF {E U & RS IO N Th % (g ) S AT — ek

AMEE (g, DMERFHME. WHEITENT
Jios
9enr = % 4)

A g, MR R AL IE R s g, NET— PR

IR ZEA% 38 T R E « X ANH E FE B VR TH 55

W) o 723 [ H H T 1) B2 0 i £ B K
AH T
Y=1(X, X, X,) (5)
o lafay Y
R
dy
R,= 7 (7)

3 SRREFESH

3.1 REMARLE

AR IE B O R B ARSI
JaRER I = 4E T30, %ﬁf”ﬁmf:i%ﬁ*ﬂﬁf*ﬁ
RBHL AN SHE LR 4.

071109-4



FANCEE BRI T KT b 2 P e S i a8 B 1 AR WF 7

®3 SENTHEE

Table 3 Uncertainty of the parameters

2 R AN 5 B

Parameters Maximum uncertainties

& 4M# Tube outer diameter d, / mm +0.02

& W42 Tube inner diameter d,/ mm +0.02

K ¥ Tube length L / mm +0.02
Wi Temperature T/ °C +0.5
HLJ Current / 1%
FiHE Voltage U 1%
PR B Heat flux g 1.4%
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Table 4 The definitions of roughness parameters

Roughness parameters Mathematical description
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Fig.3 Snapshot of some samples for scanning electron
microscope
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Table 5 The surface roughness parameters of the tubes before and after deposition

AR OB AV

Different conditions ~ Before deposition After deposition

HRESHL R,/ pum R,/ pm R /um R /um R,/ um R,/ pum R,/ um R /pum
Roughness parameters

T Test 1 0.32 0.42 3.94 3.24 8.15 11.08 42.29 39.26
T2 Test 2 0.35 0.47 3.63 3.40 2.37 4.07 8.76 33.63
T3 Test 3 0.30 0.40 3.24 2.98 2.08 3.26 11.13 33.75
T4 Test 4 0.30 0.39 291 5.74 8.03 11.67 36.98 46.12
L5 Test 5 0.36 0.48 4.27 3.14 2.67 4.84 10.68 40.88
TBL6 Test 6 0.31 0.41 3.38 3.01 4.79 6.16 16.96 25.13
L7 Test 7 0.32 0.42 3.63 2.77 5.78 7.18 21.71 25.21
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Fig.4 SEM scanning results of cross-sections of deposition layer at different angle (a) 0°, (b) 90°, (c) 180°, (d) 270°
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Table 6 The thickness and porosity of the deposition layer at different angles

TS J5 /¥ Thickness / um FLBRZ Porosity

Test No. 0° 90° 180° 270°  “FH{H Average  0° 90° 180°  270°  “FIH Average
Typical® 0~130 0.4~0.78

Test 1 882  57.1 397 794  66.1 0.46 045 048 047 046

Test 2 488 285 262 368  35.1 0.44 043 044 048 045

Test 3 303 294 30.1 312 303 0.41 043 040 048 043

Test 4 389 363 314 363 358 0.58 054 050 054 054

Test 5 472 347 291 414 381 0.54 059 057 055 056

Test 6 594 553 300 441 472 0.52 057 057 056 055

Test 7 496 384 335 441 414 0.57 054 059 056 056

MSE 17°~-38° A BB 2T AT R 0 S S, B T CHF

4 HIEER

UK BB TR 720, L0.S VoI R D
TSI B F e 5 22 MU 000 1) R 41 s (] 114 B T L A
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FMHE R BRI G, B TR, A
CHF [ @S2t 7 B AL E S o Jd e e 3R
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Kl 8 il Ft 45 5 I A AN B, SRR I
S4B B FE 1 240 kKW - m?, 5 LA R AL (1)
WEELE 10% LA

K19 TR B 5 St I 48 SR L, DA B
Bl RGN 1 419 kW -m™, 5648 M EL 2T
T 14.4%.

R4 AT A5 L0 CHF 45 51, I 10 J& 78 T CHF
5 TR I (A A5 R RS (2 um<Ra<10 pm) IR
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Table 7 The static contact angle of tube before and after deposition
TS G HE PUBHE Deposited tube
Test No. Smooth tube W A5 1 Point 1 W A5 2 Point 2 553 Point 3 351 Average value
Test 1 80.6° 7.2° 32.4° 19.6° 19.7°4£10.3°
Test 2 81.0° 19.0° 18.6° 26.8° 21.5°£3.8°
Test 3 80.0° 17.6° 16.7° 19.2° 17.8°%1.0°
Test 4 79.6° 18.5° 18.1° 28.3° 21.6°+4.7°
Test 5 82.0° 19.6° 23.8° 19.9° 21.1°%1.9°
Test 6 81.6° 25.9° 27.1° 49.4° 34.1°£10.8°
Test 7 80.2° 36.5° 45.8° 30.1° 37.4°+6.4°

Point1

20.5 19.8 18.6
T DA——
23.9 24.0 23.9
23.1 18.5 18.2

BEl5  JUBRHER Tl A R 2R (Test 5)

Fig.5 Illustration of surface static contact angles of deposition
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Fig.6  Variation of wall temperature with time during CHF
occurrence
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Fig.7 Red-hot phenomenon on heating tube surface at CHF
occurrence (color online)
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Table 8 Mathematical expressions of CHF models
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