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Abstract: In order to reveal the surge wave characteristias provide design guidances for the hydropoweiostavith upstream
series double surge tanks in load rejection tramsibis paper studies the water level oscillationgshe surge tanks. Firstly, the
mathematical model that describes the unsteadyffowipelines system is established. Then, forammged upstream series double
surge tanks system, the water level oscillationswia surge tanks are studied by deriving the aitalyformulas with a novel
method and analyzing the oscillation charactessticd superposition mechanism of water levels. éffexts of damping on water
level oscillations are analyzed. Finally, the apatiion guidances of the results for the desigrugjestanks and headrace tunnels are
proposed. It is demonstrated that: Under the assompf step discharge change in penstock, theqseg method for the derivation
of analytical formulas for water level oscillatioiss effective, and the obtained analytical formudas reasonable and have good
accuracy. For the water level oscillations in twoge tanks, there are two kinds of frequency fershbwaves (i.e. subwave 1 and
subwave 2). Subwave 1 and subwave 2 are the fumdahveave and the harmonic wave, respectively. dielitude of subwave 1
determines the basic range of the water levellasicih. The damping mainly affects the attenuatiéthe water level oscillations.
The analysis results for surge wave characteristiosbe applied to the design of real projects.

Keywords: hydropower station; upstream series double suagkst water level oscillation; wave superpositidamping; load
rejection.

1. Introduction

Hydropower station with super-long distance heagltacnel is one of the important development method
for hydroelectric energy. For this kind of develggrh method, the core feature is that the hydropasistion
obtains high working head by using a super-londadie headrace tunnel, which is usually longer than
kilometers [1]. Nowadays, this kind of hydropowtt®n has been widely adopted.

The flow inertia of the super-long distance headramnel is extremely large. In order to guararitee
security and stability of hydro-turbine unit opésas, pressure reduction facilities must be sethenheadrace
tunnel. The most commonly used facility of pressedction for hydropower stations is the surg& {2r3]. The
setting of surge tank can effectively shorten #regth of penstock and then decrease the water hapressures
in load rejection transient process [4—7]. Gengralhly one surge tank is set on the headrace tyar7].
However, for hydropower station with super-longalice headrace tunnel, the extremely large flowiaef the
tunnel always leads to a huge cross-sectional @frearge tank [8,9]. The surge tank with huge ciesgional
area brings great difficulties and challenges lier design, construction and operation of hydropastagion. The
difficulties and challenges can be expounded frloenfollowing three aspects: (1) The layouts of jii@s system
become extremely difficult; (2) The surrounding kostability of surge tank and underground powerbBous
becomes extremely dangerous; (3) The flow pattérie unsteady flow in the surge tank becomes mdhe
complicated.

In order to overcome the above problems broughheysetting of upstream single surge tank (USSTthen
super-long distance headrace tunnel, the desigemselof upstream series double surge tanks (USD&T béen
put forward. Two surge tanks are set in seriesherheadrace tunnel. As a result, the cross-settiwea for each
surge tank can be reduced greatly, meanwhile, Htenihammer pressuresload rejection transient process can
still be decreased effectively. At present, hydsego station with USDST has attracted widespreadcceonrs.
However, the researches on the working principtes @esign theories for USDST are still at the ahistage.
Very limited achievements mainly focus on the digbianalysis of hydro-turbine governing system.
Representative achievements are stated as folldves:al [10] gave an application of a hydropowtation with
USDST solved by characteristics method of trandiemt and discussed the influence of pipeline fexton the
stability of small water fluctuation in surge tank®ng et al [11] developed a complete mathematiuadiel
including diversion pipeline, surge tanks, hydradlirbine, speed governor and generators, anddéeved the
comprehensive transfer function and linear homogeselifferential equation. The effects of the flinértia of
water diversion system on stability were analyzsidgi stability domains. Based on the Thoma assoemp&hen
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