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Tab.1 Thermodynamic parameters of dam concrete

and foundation rock

OB R HAE/ SHEH W
AR (Kgem®) [KJ«(Kg-K D] [KJ+(m+h-K)"'] GPa
A X 2 500 1.047 8. 479 32.1
BIX 2500 1. 056 8. 227 31.1
CIX 2 500 1.072 8.016 30.1
s 2755 1.072 8.016

R2 TEEEVENFSY

Tab. 2 Mechanical parameters of main foundation rock

HAARZES p E,/GPa 7 ¢ /MPa
12 0.22 25 1.5 2.2
Mazk 0. 26 22 1.5 2.0
bk 0. 27 20 1.4 1.8
IRES 0. 27 20 1.4 1.8
d2% 0. 28 18 1.4 1.6
IS 0.28 6 1.2 1.2
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Fig. 4 Fitting errors between measured temperatures and calculated temperatures on dam surface
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Tab. 3 The joint closure temperature field of Xiaowan arch dam By, C
LR 950, 5<Le<l 989. 0Tl 1 037, 0<Ce<< 1071, 5<Ce<< 1107, 0<<2<{ 1184, 5<C=<C
ZaNES 989. 0 1037.0 10715 1107.0 1184.5 1245.0
X 12 12 12
HRiEIX 14 14 14 14 15 16
T 16 17 18
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Fig. 5 Dam surface temperature distribution in early April 2016 (Unit; C)
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Fig. 6 Dam surface temperature distribution in early October 2016 ( Unit; C)
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Fig. 7 Temperature distribution of crown beam
section in 2016 (Unit: C)
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Tab. 4 Elastic modulus inversion results of materials

REE TP IX FEE 2

A B G G Ir Io Ma [Ib Iec IId I
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Fig. 8 Comparisons of computed radial displacements with the measured values of dam crest
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Fig. 9 Maximum principal stress distribution for dam surface in early April 2016 (Unit: MPa)
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Fig. 10 Minimum principal stress distribution for dam surface in early April 2016 (Unit;: MPa)
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Fig. 11 Maximum principal stress distribution for dam surface in early October 2016 (Unit: MPa)
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Fig. 12 Minimum principal stress distribution for dam surface in early October 2016 (Unit; MPa)
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Fig. 13 Maximum principal stress distribution of crown
beam section in 2016(UnityMPa)
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Fig. 14 Minimum principal stress distribution of crown
beam section in 2016 (Unit: MPa)
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Feedback analysis on temperature field and. stress simulation of

Xiaowan arch dam in the operation period
ZHANG Mengzhong' , PAN Jianwen' , WANG Jinting'! , CHI Fudong®
(1. State Key Laboratory of Hydroscience and Engineering » T'singhua University ,Beijing 100084 ,China;
2. Huaneng Lancangjiang Hydroelectric Corporation Limited , Kunming 650214 ,China)
Abstract: The arch dam is a three-dimensional shell, structureswith a complex operating environment and complicated stress
state,its actual working behavior is different from the design condition. During the operation of a high arch dam, the tempera-
ture load, which is determined by the difference’between the temperature field during operation and its joint closure temperature
field,is one of the main loads. Generally speaking, it is easy to obtain the temperature field of arch sealing. However, thermal
analysis of the arch dam during operation is.difficult due to the influence of climate conditions, structural form, and operation
modes. In addition,as the main water-holding structure, the stress state of the arch dam during operation is sophisticated. The
mechanical parameters of concrete may differ from the experimental values. Therefore, the research on the real working behavior
of the Xiaowan arch dam ds of great significance.

The material parameters.of the Xiaowan arch dam were investigated and the stress distribution was simulated by the fi-
nite element method./The temperature distribution on the dam surfaces was fitted by the polynomial as the thermal boundary
condition based on.the méasured temperature. Then transient temperature field of the Xiaowan arch dam was calculated step
by step. The elastic modulus of dam concrete and foundation rocks were continuously adjusted to minimize the differentials
between the numerical displacements calculated by FEM and the actual displacement measured by the plumb lines. The elas-
tic modulus with the smallest displacement errors was viewed as the actual material parameters. The simulation of stress
distribution of the Xiaowan arch dam was carried out based on the inversion results of the temperature field and material
parameters.

Conclusions (1) The feedback temperature field could represent the temperature field distribution of the Xiaowan arch
dam during the operation period. The temperature of the upstream dam surface was mainly affected by the reservoir water.
Besides, the temperature of the upstream dam surface near the foundation was higher, between 17 'C and 19 C due to the
influence of the ground temperature and slag in front of the dam. The temperature of the downstream dam surface was mainly
affected by atmospheric temperature, showing a phenomenon that the temperature was higher on both sides than in the middle
section. (2) The elastic modulus of the dam concrete during the operation was increased by about 30% relative to the test value.

Besides, the deformation modulus of the bedrock was 20 % ~45% higher than the test value. (3) The calculated displacement
(F#£% 813 70
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ware. According to the results of numerical simulation, it is concluded that: (1) The velocity field in the mixing tank is axisym-
metric concerning the submersible agitator. The flow is pushed forward along the center of the submersible agitator. When the
central jet moves to the other side of the tank wall, the flow diffuses around. The area of velocity distribution cloud diagram in
the mixing tank to achieve effective mixing becomes larger and larger with the increase of blade angle, which indicates that the
mixing effect of submersible agitator becomes better and better when the blade angle increases from —4° to 4°. (2) The pres-
sure distribution characteristics of the impeller pressure surface are almost the same under different blade placement angles., that
is, the high-pressure area is mainly concentrated in the inlet area of the impeller,and the negative pressure area is concentrated
in the area near the blade flange and impeller outlet. The pressure on the blade working surface increases with the increase of
blade placement angle, that is,the area of the high-pressure area increases continuously. At the same time, the shaft power and
thrust of the submersible agitator are increasing with the increase of blade angle. (3) Compared with the mixing effect, the ef-
fective mixing ratio and effective unit energy consumption of submersible agitators increase with the increase of blade angle.
When the blade angle is —4°, the effective unit energy consumption of the submersible mixer is the minimum,and the effective
mixing area in the mixing tank is only about half,and a part of low-speed zone or even dead zone will appear in the flow field,
which affects the mixing effect. When the blade angle is increased to 4°, the mixing area of the submersible mixer is about 70%
(the mixing effect of the submersible mixer has been improved in practical engineering application).Most of-the fluid in the flow
field has been stirred, which meets the design requirements,and the stirring effect is good. (4) Finally,to prove the accuracy of
the numerical simulation results of submersible agitator, the experimental verification is carried out-when the blade setting angle
is 0°and the error between the numerical simulation and experimental verification is less than 5% , which proves the accuracy of
the numerical simulation results. It shows that the research on the blade setting angle of‘the submersible agitator is feasible and
provides a reference for the future research of submersible agitator certain reference.

Conclusions (1) With the increase of blade angle, the effective mixingatea of velocity distribution nephogram in the mixing
tank is increasingly larger,and the mixing performance of submersible agitator is‘improved. (2) When the blade angle increases
from —4° to 4°, the shaft power and thrust of submersible agitator motoriincrease continuously. At the same time, with the
increase of blade angle, the corresponding effective mixing ratio and-effective unit energy consumption are also increasing. (3)
The accuracy and rationality of the numerical simulation results.are verified by experiments, which provides certain reference for
the future research of submersible agitator.

Key words: submersible agitator; blade angle; numerical ‘simulation;axial velocity
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agreed well with the measured data with the same trend. The displacement of the Xiaowan arch dam was closely related to the
upstream water level. Thé dam had a trend of slow deformation to the downstream because the aging effect had not yet fully
converged at present,/ (49, The upstream dam surface was basically in a pressure state. Besides, the maximum compressive
stress, which was located at the height of 975 m,was about 10 MPa. However, the dam surface above the water level was under
tension in winter,and the maximum tensile stress was about 0. 6 MPa. The downstream dam surface was basically in a compres-
sive state,and the maximum compressive stress could reach to 17. 3 MPa, which was located at the dam toe. Besides, the tensile
stress zone appeared near the interface between the dam body and the foundation due to the stress concentration,and the global
maximum tensile stress was about 0. 8 MPa,although the operating state of the dam was still in the safe scope.

Conclusions (1) The temperature of the downstream dam surface was mainly affected by atmospheric temperature, showing
a phenomenon that the temperature was higher on both sides than the middle section. (2) The elastic modulus of the dam con-
crete during the operation was increased by about 30% relative to the test value. (3) The stress distributions of the Xiaowan
arch dam revealed that its operating state was still in the safe scope.

Key words: Xiaowan arch dam;temperature field; material parameters;inverse analysis; stress simulation
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