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DubnaDubna
1. Preliminary evaluation of 1. Preliminary evaluation of ΔΔTT = 20 deg.C= 20 deg.C
2. Pick up of alternative HVAC scheme2. Pick up of alternative HVAC scheme

This meetingThis meeting
1. Evaluation of 1. Evaluation of ΔΔTT 10, 20, 30 deg.C10, 20, 30 deg.C
2. Evaluation of three different alternatives for HVAC2. Evaluation of three different alternatives for HVAC

From Dubna to this meeting
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7% cost saving expected by increasing 7% cost saving expected by increasing ΔΔT = from 11 to 20 deg.CT = from 11 to 20 deg.C

Previous preliminary evaluations (at Dubna)
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Without chilled water to FCU, temperature of the service tunnel Without chilled water to FCU, temperature of the service tunnel might rise to 45might rise to 45℃℃

Elimination of Chilled Water

　　ROOM　TEMP＝４５℃???　

FCU
40℃

Service tunnel

34℃

45℃
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　　-- supply & exhaust @ every other shaftssupply & exhaust @ every other shafts
-- package package airair--conditionaerconditionaer at every 36 mat every 36 m

Alternative HVAC scheme for tunnels
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Studies after Studies after DubnaDubna

• Process Cooling Water System
- Elimination of chilled water
- Increase of ∆Ts from 11℃ to 20℃ & 30℃

• HVAC System 
- Tunnel temperature without Chiller
- Alternative air-conditioning system
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Process Cooling Water System

• Elimination of chilled water and increase of ∆T

∆T=11℃
∆T=20℃
∆T=30℃

　 44℃ / 53℃ / 63℃
D=450 / 350 / 300 

　　16℃

OA 28℃

Primary Station
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Secondary Station

34℃
　　　

45℃
54℃
64℃

D=80 / 60 / 50
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Cost Estimation done by Consul.

Done based on makers’ current estimations and summed according to WBS items in RDR.

(continued)
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Cost Comparison by ∆T

100           81           73

K$ @USD1=JPY120

　　Cost for shaft #7 (Conversion rate used in RDR)

　
　　　　　　　
　

　 ∆T=11℃ ∆T=20℃ ∆T=30℃

1752 　 Primary Stations 7,367 5,068 4,290

　 17521 Cooling tower & pump 7,035 5,053 4,057

　 17522 Tower piping 332 265 233

1753 　 Secondary Stations 12,378 10,886 10,117

　 17531 LCW Stations & distributions 4,585 4,250 4,257

　 17534 Compressed air 308 308 308

　 17535 Process water distribution 7,485 6,328 5,552

　 　 Total 19,745 15,954 14,407

(w/o. Chilled water system)
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VE Results on ΔT

Dubna

This time
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Air-conditioning system for tunnel

Without air-conditioning, temperature in the Service 
Tunnel will become 65.6 ℃.
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Measures to improve tunnel ambience

45～50℃ 25～28℃ 　25～28℃

Fan coil unit 
with cooling water

Suspended air-conditioner 
with compressor

Package air-conditioner
on the floor
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Layout of Package Air-conditioner & Duct
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Cost Comparison

　　　　　　　　　　Cost for shaft #7 K$@USD1=JPY120

(Conversion rate for RDR)

　 　 　

Fan coil unit
with cooling
water      

Air-
conditioning
unit suspended
from top of the 
tunnel

Package air-
conditioner
on the floor  

1732 　 HVAC Equipment 4,976 11,226 4,490

　 17321
OA & Exhaust air
processing

632 632 633

　 17322
Air-conditioning for
tunnel

4,344 10,594 3,857
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Conclusion
(1) VE on ΔT of process cooling water was 

investigated with cost estimation by 
consultant.

(2) Higher ΔTs certainly reduce cost. The 
highest limit will be given by heat load 
operation spec. of RF equipment.

(3) Local package air-conditioner scheme 
seems effective in cost reduction.
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(0) Cost profile(0) Cost profile
(1) Heat loads(1) Heat loads
(2) Heat diffusion(2) Heat diffusion
(3) Suppress heat diffusion(3) Suppress heat diffusion
(4) Surface and underground temperature(4) Surface and underground temperature

APPENDIXAPPENDIX
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Priority of study on process cooling water

Proportion of process cooling waterProportion of process cooling water
in total infrastructure (excl. survey)            in total infrastructure (excl. survey)            

Piped utility 0.1％

Air treatment 
1.0%Safety equipment 1.3%

Handling equipment 1.6%
Electric 13.7% Civil engineering 

66.7%
Process cooling
water 15.5%



19

Conventional Facilities and Conventional Facilities and SitingSitingGlobal Design EffortGlobal Design Effort

2008/11/17 ILC GDE Meeting　(UIC, Chicago) 19

Focus on Focus on 
-- Shaft #7 Area Shaft #7 Area --
Geometry of FacilityGeometry of Facility

Cooling Tower building ~700 m2Cooling Tower building ~700 m2
Shaft      14 mShaft      14 mφφ, 137 m (450 ft) depth, 137 m (450 ft) depth
Cavern   16 m(W), 18 m(H), 49 m(L)Cavern   16 m(W), 18 m(H), 49 m(L)
Tunnel   4.5 mTunnel   4.5 mφφ, ~4030 m (1550 + 2480), ~4030 m (1550 + 2480)

RF Unit Heat LoadsRF Unit Heat Loads
To LowTo Low--Conductivity Water    104 kWConductivity Water    104 kW
To Chilled Water                      21.2 kWTo Chilled Water                      21.2 kW

Rack             11.5 kWRack             11.5 kW
Service Tunnel Air                  9.7 kWService Tunnel Air                  9.7 kW

To Beam Tunnel Air                  5.9 kWTo Beam Tunnel Air                  5.9 kW

Shaft #7 Total Heat LoadsShaft #7 Total Heat Loads
Number of RF unitsNumber of RF units 104104
LowLow--Conductivity Water   10.8 MWConductivity Water   10.8 MW
Chilled Water                       3.4 MW Chilled Water                       3.4 MW 

(Air2.2+Rack1.2)(Air2.2+Rack1.2)

Process Cooling WaterProcess Cooling Water
10.8 MW10.8 MW Chilled WaterChilled Water

3.4 MW3.4 MW

104 RF units104 RF units
208 Cooling Fans208 Cooling Fans26 skids26 skids

RaksRaks in 104 RF unitsin 104 RF units

26 skids26 skids
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Cost ProfileCost Profile

ML cooling system cost is ML cooling system cost is 
~half  of total area~half  of total area

Process Cooling Water Process Cooling Water 
piping cost is expensive, piping cost is expensive, 

including high percentage of including high percentage of 
LCW skids system (37%)LCW skids system (37%)

Low cost performance of  Low cost performance of  
Chilled water systemChilled water system

5.1%5.1% 2.8%2.8%

36.9%36.9%

1.0%1.0%

0.4%0.4%

0.9%0.9%

0.7%0.7%

0.6%0.6%

2.9%2.9%

0.3%0.3%

0.2%0.2%

0.7%0.7%

0.9%0.9%

0.9%0.9%
0.2%0.2% 10.3%10.3%

5.0%5.0%
7.7%7.7%

1.5%1.5%

1.0%1.0%
0.4%0.4%

8.8%8.8%1.0%1.0%

Process Cooling WaterProcess Cooling Water
62%62%
1.73$/watt1.73$/watt

Chilled WaterChilled Water
36%36%
5.26$/watt5.26$/watt
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1. Racks                       11.5 kW1. Racks                       11.5 kW
2. I2. I22R & Motor Loss       8.2 kWR & Motor Loss       8.2 kW
3. 3. WaveguidesWaveguides (B.T.)     5.9 kW(B.T.)     5.9 kW
4. Switching P.S.           3.0 kW4. Switching P.S.           3.0 kW
5. Modulator                  3.0 kW5. Modulator                  3.0 kW

Total of top 5 = 31.6 kWTotal of top 5 = 31.6 kW
82% of total (S.T.32.9+B.T.5.9 kW)82% of total (S.T.32.9+B.T.5.9 kW)

But are these loads real and But are these loads real and 
cannot we reduce?cannot we reduce?……

TopTop--5 heat loads to Air/5 heat loads to Air/ChWChW
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To understand heat loads to air, lets see To understand heat loads to air, lets see 
how are heat diffusion and conduction..how are heat diffusion and conduction..

Parametric ConsiderationParametric Consideration
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Heat Diffusion from PlatesHeat Diffusion from Plates
q(W/mq(W/m22) = U() = U(θθ--θθaa))

U: Heat transfer rate (W/mU: Heat transfer rate (W/m22/K)/K)
θθ: Equipment temperature (C): Equipment temperature (C)
θθaa: Ambient temperature (C): Ambient temperature (C)

U = (U = (RRsese++RRii))--11

RRsese: Surface heat resistance: Surface heat resistance
R R i i : Heat resistance of the material: Heat resistance of the material

RRsese = (h= (hrr + + hhcvcv))--11

hhrr: HTE by : HTE by ““RadiationRadiation””
hhrr: HTE by : HTE by ““ConvectionConvection””

hhrr = = εσεσ(T(Tsese
44 –– TTaa

44)/()/(TTsese –– TTaa))
εε:  Efficiency due to the material, ex. 0.30 (stainless steel), 0:  Efficiency due to the material, ex. 0.30 (stainless steel), 0.94 (cement, cloth).94 (cement, cloth)
σσ: : StefanStefan--BoltsmannBoltsmann constant, 5.67 x 10constant, 5.67 x 10--88 WmWm--22KK--44

TTsese: Surface temperature (K), T: Surface temperature (K), Taa: Ambient temperature (K): Ambient temperature (K)

3.263.26Δθ Δθ 0.250.25((w+0.348)/0.348)((w+0.348)/0.348)0.50.5 upwardupward--directed surfacedirected surface

2.282.28Δθ Δθ 0.250.25((w+0.348)/0.348)((w+0.348)/0.348)0.50.5 dowarddoward--directeddirected surfacesurface

2.562.56Δθ Δθ 0.250.25((w+0.348)/0.348)((w+0.348)/0.348)0.5 0.5 vertical planes (vertical planes (ΔθΔθ >10K)>10K)

(3.61+0.094(3.61+0.094Δθ Δθ ))0.250.25((w+0.348)/0.348)((w+0.348)/0.348)0.5 0.5 vertical planes (vertical planes (ΔθΔθ <10K)<10K)
ΔθΔθ =| =| TTsese –– TTaa ||
w:  Air flow velocity (m/s)w:  Air flow velocity (m/s)

R R ii = d/= d/λλ
d: Thickness of the material (m)d: Thickness of the material (m)
λ λ : Thermal conductivity of the material (Wm: Thermal conductivity of the material (Wm--11KK--11))

hcv =

q (W/m2)

atomsphere

Ta

plate (λ )
Tse

heat registance R i

surface heat registance Rse

T

ambient temperature

surface temperature

equipment temperature

Heat diffusion by Radiation and Convection
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The order of The order of ““Surface Heat ResistanceSurface Heat Resistance””
For     TFor     Taa (ambient temperature) 29 C(ambient temperature) 29 C
and   and   TTsese (surface temperature) 34~54 C(surface temperature) 34~54 C

(1) Heat Radiation(1) Heat Radiation
assume assume εε = 1.0= 1.0

hhrr = = εσεσ(T(Tsese
44 –– TTaa

44) / () / (TTsese –– TTaa) = 6.4 ~ 7.1 (Wm) = 6.4 ~ 7.1 (Wm--22KK--11))
(2) Air convection(2) Air convection

assume w = 0.45 m/s (27 m/min)assume w = 0.45 m/s (27 m/min)

hhcvcv = 3.26= 3.26Δθ Δθ 0.250.25((w+0.348)/0.348)((w+0.348)/0.348)0.50.5 == 7.4 ~ 11.0 (Wm7.4 ~ 11.0 (Wm--22KK--11)) upwardupward--directed surfacedirected surface

hhcvcv = 2.56= 2.56Δθ Δθ 0.250.25((w+0.348)/0.348)((w+0.348)/0.348)0.5 0.5 == 5.8 ~ 8.7 (Wm5.8 ~ 8.7 (Wm--22KK--11) ) vertical planes (vertical planes (ΔθΔθ >10 K)>10 K)

(3) Overall heat diffusion from equipment surfaces(3) Overall heat diffusion from equipment surfaces
assume assume εε = 1.0  and w = 0.45 m/s (27 m/min)= 1.0  and w = 0.45 m/s (27 m/min)

h = 12 ~ 18 W/mh = 12 ~ 18 W/m22/K  (for /K  (for ΔΔT = 5 ~ 25 deg)T = 5 ~ 25 deg)
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Suppress the Heat load to Air!Suppress the Heat load to Air!

Heat load to air by RF equipment when LCW usedHeat load to air by RF equipment when LCW used

Estimated diffusion when Estimated diffusion when ΔΔT = 5 deg, T = 5 deg, εε = 1, w = 0.45 m/s= 1, w = 0.45 m/s
T: Equipment temperature (34 C)T: Equipment temperature (34 C)
TTaa: Ambient temperature (29 C): Ambient temperature (29 C)
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Effects of Heat InsulatorEffects of Heat Insulator
---------- 釈迦に説法　釈迦に説法　(Preaching (Preaching BuddaBudda) ) ----------

Heat radiation and convectionHeat radiation and convection
assume assume εε = 1.0  and w = 0.45 m/s (27 m/min)= 1.0  and w = 0.45 m/s (27 m/min)

h = 12 ~ 18 W/mh = 12 ~ 18 W/m22/K  (for /K  (for ΔΔT = 5 ~ 25 deg)T = 5 ~ 25 deg)
RRsese = 0.056 ~ 0.083 W= 0.056 ~ 0.083 W--11mm22KK

Heat resistance of insulator  (1 mm)Heat resistance of insulator  (1 mm)
R R ii = d/= d/λ λ = 0.020 W= 0.020 W--11mm22KK

d: Thickness of the material (0.001 m)d: Thickness of the material (0.001 m)
λ λ : Thermal conductivity of insulator ( 0.05 Wm: Thermal conductivity of insulator ( 0.05 Wm--11KK--11))

-- A few mm of heat insulator is A few mm of heat insulator is 
comparable to surface resistancecomparable to surface resistance

-- A few cm of heat insulator is A few cm of heat insulator is 
usually usually enoughenough for completeness for completeness 
of water cooling systemof water cooling system
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Ambient TemperaturesAmbient Temperatures

Surface and UndergroundSurface and Underground
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Earth TemperatureEarth Temperature
---- as a short note as a short note ----

Solar constantSolar constant
qqsunsun = = σσTTsunsun

44 x 4x 4ππrrsunsun
22 /4/4ππrrsunsun--earthearth

22 = 1370 W/m= 1370 W/m22

Temperature of the earth Temperature of the earth 
qqsunsun ππrree

22= = σσTTee
44 x 4x 4ππrree

22 (equilibrium) (equilibrium) 
TTee = 279 K (6 C)= 279 K (6 C)

TempertureTemperture on the ground depends on siteon the ground depends on site
qqsunsun x x coscosθθ (1(1--al)= al)= σσTTgg

44 (1(1--ab)   (equilibrium) ab)   (equilibrium) 
coscosθθ = = sinsinΘΘcoscosωωddtcostcosωωyytt+ + sinsinΘΘsinsinωωddcoscosμμsinsinωωyytt+ + coscosΘΘsinsinμμcoscosωωyytt
ΘΘ: latitude, : latitude, μμ=23.5 deg, =23.5 deg, 
ωωdd=2=2ππ/day, /day, ωωyy=2=2ππ/year/year

The Sun

The Earth
rsun-earth=1.496x1011m

rsun=6.96 x 106m

Tsun=5780K

re

Te

Reflection (al)

Air

Absorption (ab)
H2O, CO2

θ
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Temperatures affects surface cooling towerTemperatures affects surface cooling tower

Detail design and comparison of site difference are the next stDetail design and comparison of site difference are the next step after the system ep after the system 
optimizatonoptimizaton..

Place Altitude Temperature Monthly Average
Annual

Average

Statistical

Peoriod

d m Jan Feb Mar Apr May Jun Jul Aug sep Oct Nov Dec

Moscow-Dolgoprudnyj 55 50 -7.5 -6.7 -1.4 6.4 12.8 17.1 18.4 16.5 10.8 5.0 -1.6 -5.5 5.3 1971-2000

Chicago-Ohare 41 59 -5.6 -2.8 3.0 9.0 15.1 20.4 23.4 22.4 18.0 11.4 4.3 -2.2 9.7 1971-1999

Zurich-Town 47 23 0.3 1.3 5.1 8.1 12.8 15.6 18.0 17.7 14.0 9.3 4.1 1.5 9.0 1971-2000

Berlin-tempelhof 52 28 0.8 1.5 4.9 8.7 14.2 17.2 19.2 18.8 14.5 9.6 4.9 2.0 9.7 1971-2000

Morioka 39 42 -2.1 -1.6 1.8 8.4 13.8 18.2 21.8 23.2 18.3 11.8 5.7 0.8 10.0 1971-2000

Tokyo 35 41 5.8 6.1 8.9 14.4 18.7 21.8 25.4 27.1 23.5 18.2 13.0 8.4 15.9 1971-2000

Fukuoka 33 35 6.4 6.9 9.9 14.8 19.1 22.6 26.9 27.6 23.9 18.7 13.4 8.7 16.6 1971-2000

Place Altitude Relative Humidity Monthly Average
Annual

Average

d m Jan Feb Mar Apr May Jun Jul Aug sep Oct Nov Dec

Moscow-Dolgoprudnyj 55 50 80 76 73 67 64 63 69 74 78 79 82 82 74 1961-1967

Chicago-Ohare 41 59 72 72 70 65 64 66 69 71 71 69 73 76 70 1961-1990

Zurich-Town 47 23 85 80 75 72 73 74 73 77 81 84 84 85 79 1961-1990

Berlin-tempelhof 52 28 89 83 76 68 64 61 65 69 73 79 87 89 75 1961-1967

Morioka 39 42 73 71 68 66 69 76 81 80 81 78 74 74 74 1971-2000

Tokyo 35 41 50 51 57 62 66 73 75 72 72 66 60 53 63 1971-2000

Fukuoka 33 35 64 64 66 67 69 76 75 74 74 69 67 65 69 1971-2000

29
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Beam Tunnel TemperatureBeam Tunnel Temperature
Tunnel Air temperature without wall lossTunnel Air temperature without wall loss
ΔΔT = P/(T = P/(FcFc))
P:heat load [W], P:heat load [W], 
F: air flow [g/s], F: air flow [g/s], 
c: specific heat capacity [J/(c: specific heat capacity [J/(gKgK)])]

When, When, 
P = 5.9 kW x 104  = 0.61 MW, P = 5.9 kW x 104  = 0.61 MW, 
F = 7.16 mF = 7.16 m33/s (=/s (=π π x 2.25x 2.252 2 mm22 x 0.45 m/s)x 0.45 m/s)
ρρ = 1184 g/m= 1184 g/m33

c = 1.020 J/(c = 1.020 J/(gKgK) (hum~50%)) (hum~50%)
ΔΔT ~ 70 deg!T ~ 70 deg!

Heat Diffusion into tunnel wallHeat Diffusion into tunnel wall
q = h q = h ΔΔTT

Assuming the tunnel surface heat resistance (1/h)Assuming the tunnel surface heat resistance (1/h)
h = 12 ~ 18 W/mh = 12 ~ 18 W/m22/K  (for /K  (for ΔΔT = 5 ~ 25 deg)T = 5 ~ 25 deg)

S = S = π π x 4.5x 4.5 m x 36 m ~ 500 mm x 36 m ~ 500 m2 2 (Tunnel wall / RF init)(Tunnel wall / RF init)
ShSh = 6 ~ 9 kW /K= 6 ~ 9 kW /K

TaTunnel

Water Table
Soil / Rock

Cylinder Model

Tse

r

30
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How is Underground Temperature ?How is Underground Temperature ?

Depend on the geologyDepend on the geology

Deeper than 10 m, the temperature is constantDeeper than 10 m, the temperature is constant

Geothermal heat flow forward the surface groundGeothermal heat flow forward the surface ground
~40 x 10~40 x 101212 / 4/ 4ππ(6.4 x 10(6.4 x 1066))22 = ~0.08 W/m= ~0.08 W/m22

the total geothermal heat of the earth (W) / the surface area ofthe total geothermal heat of the earth (W) / the surface area of the Earth (mthe Earth (m22))

Temperature rise in deep undergroundTemperature rise in deep underground
~0.08 / (2~8 ) = 0.01~0.04 K/m~0.08 / (2~8 ) = 0.01~0.04 K/m
Heat flow (W/mHeat flow (W/m22) / the thermal conductivity (W/) / the thermal conductivity (W/mKmK))

(K.Kitaoka, Okayama university of science)

@ Osaka area,
Japan
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0
0 10 20 30 40 50

ΔT(deg)

r (m)

q =100 W/m
λ = 5 W/(mK)
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How is tunnel wall Temperature ?How is tunnel wall Temperature ?

Cylinder ModelCylinder Model
ΔΔT = T = --q q lnln ((rrww/r/r00) /) /22ππλλ
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Water BathSoil / Rock
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Equivalent wall plane

Assuming a bath, rAssuming a bath, rww--rr00 = 50 m,  = 50 m,  ΔΔT = 10 deg, T = 10 deg, 
100 W/m could be removed from the tunnel100 W/m could be removed from the tunnel

Linear ModelLinear Model
ΔΔT = T = --Q x /Q x /λ,    λ,    Q = q x 2Q = q x 2ππr (guess)r (guess)
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Assuming a bath, rAssuming a bath, rww--rr00 = 7 m,  = 7 m,  ΔΔT = 10 deg, T = 10 deg, 
100 W/m could be removable100 W/m could be removable
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SummarySummary　　at at DubnaDubna
(1) Delta T increase and Chilled Water Decrease are potential (1) Delta T increase and Chilled Water Decrease are potential 

measures to reduce cooling costs.measures to reduce cooling costs.
(2) Effect of high (2) Effect of high ΔΔT to room T may be suppressed by insulator T to room T may be suppressed by insulator 

with relative low cost.with relative low cost.
(3) Effect of high (3) Effect of high ΔΔT to equipment and beam instability should be T to equipment and beam instability should be 

studied separately.studied separately.
(4) Alternative air cooling system using package air conditioner(4) Alternative air cooling system using package air conditioner

is under consideration.is under consideration.
(5) More investigation and effort to decrease heat load to air a(5) More investigation and effort to decrease heat load to air are re 

necessary. necessary. 
(6) Cooling effect by tunnel wall depends on geology of the site(6) Cooling effect by tunnel wall depends on geology of the site, , 

though an order of ~100 W/m may be cooled under some though an order of ~100 W/m may be cooled under some 
conditions. conditions. 

(7) LCW skid loop with complicated piping is another  impact to (7) LCW skid loop with complicated piping is another  impact to 
raise cooling cost but the study is a subject to be solved raise cooling cost but the study is a subject to be solved 
hereafter.hereafter.


