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•진공이란?

•압력이란?

– 대기압보다 압력이 낮은 상태

– 단위면적 당 작용하는 힘



•압력 낮다

•진공도 높다

=

• Low pressure

• High Vacuum

=



ISO 3529-1:1981

진공의 영역

❖ 1 atm = 760 Torr = 1.033 kgf/cm2 = 14.7 psi = 1013 mbar = 1013 hPa



가속기와 진공 (진공의 필요성)

▪ 빔-입자 상호작용



가속기와 진공 (진공의 필요성)

▪ 빔손실 (빔수명)

▪잔류기체 이온화 (이온 불안정)



가속기와 진공 (진공의 필요성)

▪ 디텍터의 배경 잡음 ▪ 표면 오염 (거울장치 등)



방사광 가속기 진공 시스템

→방사광(Synchrotron radiation)에 의한 열발생과 기체방출 문제 해결

▪ Synchrotron radiation (SR) 이란?
• 기본 개념과 중요한 공식

▪ SR의 영향?
• 열 발생 (Heat load)

• 기체 발생 (Gas load)



























































▪ Heat load
▪ Heat up beam pipe, damage beam pipes by heating and stress.

▪ Install proper photon stops at proper locations.

▪ Design to decrease power density.

▪ Use materials for the photon stops with high thermal strength.

▪Gas load
▪ Increase pressure, reduce beam lifetime, increase background noise.

▪ Install vacuum pumps at proper locations and prepare sufficient pumping 
speed, following the photon stops scheme.

▪ Decrease contamination on the surface of beam pipes.

요 약 (Effect of SR on the performance of accelerator)
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진공시스템 사양 결정



진공시스템의 구성 예



진공시스템의 배기
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▪ d(PV)/dt = Q – PSeff

▪ If Q=0: dP/dt = -P(Seff/V) = -P/τ

→ P = P0e
–t/τ

τ(=V/S)는배기계의시간상수로공간에있던입자들의

수가약 2.7분의 1로떨어지는데걸리는시간이다.

▪ If Q>0: dP/dt = Q/V - P/τ

→ P = Q/Seff + (P0-Q/Seff)e
–t/τ

→ (P-Q/Seff)/(P0-Q/Seff) = e–t/τ



진공 배기 (공간 기체)

▪ d(PV)/dt = Q – PSeff

▪ If Q≪1:

dP/dt = -P(Seff/V) = -P/τ

→ P = P0e
–t/τ



진공 배기 (공간 기체)

?



진공 배기 (표면탈착)

▪ d(PV)/dt = 0 = Qs – PSeff

▪ P = Qs/Seff

▪ For surface desorption

Qs=Q0t
-1
→ P∝ t -1
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(quasi-steady state)



표면 탈착 모델 [P. Chiggiato, IVC-16 (2004)]



DOS

Desorption energy

H2O

Envelop ~ 1/t



진공 배기 (표면탈착)



진공 배기 (표면탈착)

?



진공 배기 (확산방출)
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▪ d(PV)/dt = 0 = Qs – PSeff

▪ P = Qs/Seff

▪ For bulk diffusion

Qs=Q0t
-0.5

→ P∝ t -0.5

(quasi-steady state)



수소 확산 방출 모델

• Diffusion Limited Model (DLM)

– Concentration gradient

• Recombination Limited Model (RLM)

– Concentration on the surface Fourier number

[P. Chiggiato, IVC-16 (2004)]

• Solution of diffusion equation for slab (DLM)

• For arbitrary thermal cycle (thermal history)



진공 배기 (확산방출)



진공 배기 (확산방출)



진공 배기 (확산방출)

?



진공 배기 (투과)
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▪ d(PV)/dt = 0 = Qs – PSeff

▪ P = Qs/Seff

▪ For permeation

Qs=const. → P = const.

(quasi-steady state)



요약 (진공 배기 과정)

(Air)

(H2O)

(H2)

(H2)

Desorption

Diffusion

Vacuum

Bulk

Air

Permeation



진공의 발생

• Throughput mechanisms:
• Positive displacement: Molecules are compressed into a smaller 

volume, raising the pressure

• Momentum transfer: Molecules are given a preferred direction by 
very fast moving surfaces or oil molecules

• Capture mechanisms:
• Chemical combination: Molecules react with active metal surfaces 

and are converted to a solid

• Condensation: Molecules land on a very cold surface and freeze 
into a solid

• Adsorption: Molecules land on a surface and remain there

• Absorption: Molecules land on a surface and dissolve into the 
bulk material

• Ionization & burial: Molecules are ionized and accelerated into a 
surface with enough energy to burrow in



진공도와 진공 펌프



회전베인펌프 (Rotary Vane Pump)



스크롤 펌프 (Scroll Pump)

Positive displacement

[Wikipedia]

Typical pumping speed curve

https://en.wikipedia.org/wiki/File:Two_moving_spirals_scroll_pump.gif
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi73uXGn-fLAhXiK6YKHUUmClwQjRwIBw&url=http://www.acclontechnologies.com/nxds-dry-scroll-pump/&bvm=bv.117868183,d.dGY&psig=AFQjCNGaPI12UsPMCi0cXJ4f2-ycFNKuRA&ust=1459386954355534


다양한 저진공 펌프 (Dry pump)



확산펌프 (Diffusion pump)



터보분자펌프 (Turbo Molecular Pump: TMP)

▪Operate in the molecular flow regime

▪Operating range 10-2 to 10-10 Torr

▪ Pumping speed 10 to 10,000 l/s

▪ Infinite pumping capacity

▪ Blade rotation speed ranges from 14,000 to 
90,000 rpm (mechanically vulnerable)

Momentum transfer



터보분자펌프 (Turbo Molecular Pump: TMP)



크라이오펌프 (Cryo-pump)

Physical combination



티타늄 승화펌프 (TSP)



NEG 펌프 (Non Evaporable Getter)



스퍼터 이온펌프 (Sputter Ion Pump: SIP)



스퍼터 이온펌프의 배기 원리



진공의 측정



직접 압력 측정식 게이지



열전도형 게이지



컨벡션 형 게이지 (Convection gauge)



열음극 형 이온 게이지 (Hot filament ion gauge)



Lower limit of the ion gauge



냉음극 형 이온 게이지 (Cold cathode ion gauge)



사극 질량 분석기 (QMS, RGA)



“https://molflow.docs.cern.ch/gallery/”컴퓨터 시뮬레이션을 활용한 진공 시스템의 설계



“https://molflow.docs.cern.ch/gallery/”컴퓨터 시뮬레이션을 활용한 진공 시스템의 설계
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