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Abstract

Information networks and new switching equipment for multimedia will consume a
lot of power. It is important to reduce energy consumption from the viewpoint of
energy conservation and global environment. To achieve this, it is required not only
to decrease power to telecommunications and information processing equipment,
but also to the heat removal system which consumes a lot of energy compared to
ordinary systems. The heat removal system requires energy conservation, year round
operation, high reliability, no-dehumidification, indoor air cleanliness, efficient
maintenance and cost-effectiveness. Therefore this report describes a heat removal
system using thermosiphon, a thermal control wall, heat recovery methods from fuel
cell waste heat from the heat removal system, and a method of evaluating and

improving the reliability of heat removal system.

A new small air-cooled air-conditioner which has both a refrigerant cycle with a
compressor and a thermosiphon in one body was developed for an unmanned
container station which contains electronic switching equipment. A field test
clarified that the refrigerant cycle removes heat when outdoor air temperature is
high and the thermosiphon removes heat when outdoor air temperature is low. The
new air-conditioner removes 40%~50% of the cooling load and saves 20%~30%
of the power needed for heat removal compared with a conventional air-conditioner.

The heat exchanger using a thermosiphon, called a thermal control wall, functions
as a skin as well as a means to vary the exterior wall thermal resistance of buildings
is studied. The thermal control wall reduces energy for heat removal because it
varies its thermal resistance. Outdoor test results confirm that the capacity of the
thermal control wall is influenced by indoor and outdoor air temperature difference,
solar radiation and wind velocity. System configuration and simulation method
were studied and the values agree with outdoor test results. This clarified that the
thermal control wall performance can be calculated by its specification. Outdoor
test results also confirm that the thermal control wall saves 30%~50% of the power
needed for heat removal.

Heat recovery methods from a fuel-cell-stack cooling systems and exhaust gases

were studied to use the heat for heat removal systems and increase total energy



efficiency. The fuel-cell-stack coolant temperature should be kept constant to

maintain high electrical efficiency and to prevent the fuel cell from deteriorating.

There are two methods to achieve this using the fuel-cell-stack coolant. One is an

indirect heat recovery using a heat exchanger and another is direct heat recovery

using steam from the fuel-cell-stack coolant. The dynamic characteristics of the

fuel-cell-stack cooling system and the heat recovery system were studied.

Consequently, calculation values using the simple dynamic model of the fuel-cell-

stack cooling system are agree with test results.

Heat recovery methods and the amount of heat that can be recovered from fuel cell

exhaust gases were studied. Two heat recovery methods from the exhaust gases

being considered: one uses heat recovery from mixed exhaust gas from the cathode

side of the cells and the reformer (mixed type); the other uses separate heat

recovery from these sites (separate type). Simulation shows that the amount of heat

recovered between 60 and 75°C with the separate type of heat recovery is greater

than with the mixed type of heat recovery. The cooling capacity of the refrigerator

using the separate type heat recovery (recovering heat between 65 and 85C) is

about 2.5 times that of one using a generator (heat source) with a constant 85°C

temperature.

Room temperatures in a high heat-generating telecommunications equipment room
increase with time after shutdowns in air-conditioning units. This is according to
the heat capacity of devices installed in the same room and the exterior wall heat
capacity. Simple and convenient methods for evaluating and improving the
reliability of heat removal systems were studied. One method is presented for
determining the probability that room temperature will exceed the allowed
temperature after a shutdown in air-conditioning units. Using this method, you can
calculate the reliability of heat removal system. Using this simple calculation
method, simulations are performed to investigate a method for improving the
reliability of heat removal system in a high heat-generating telecommunications
equipment room. Taking into account the fact that the cooling performance of air-
conditioning equipment changes according to temperature conditions, it is shown
that the number of necessary air-conditioning units can be reduced while
maintaining the same level of reliability.
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2) BUMAKTRATIRGHRIL. MARBOHTMASNEHDLET S,
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5) SENNFARZHEO ZRMILZ. SHEERELUTED.
6) 7. EAFZOAFBIERITVNLNL,
coLE, BfEhERRELTOBBEAKICDNT, TRVF-NXABEL
UMEBEREREETEE, THERRDES TS,

d Li 7 ’ "
E@m+wm=g—g—mmwfampgh+&m (4.1)
Lo ewy=—g + (4.2)
dt s s gr gm *

F1 . BEIVEBRSHEO RAICOVWTOBRERIZ. PHAERRELTERSD
E.RODEDITIRB,

d0 d0
Py, Do KU
7 3 &  pcS

X510, BRAHNKRNOEEN—FETHDIE. FROBMAKEN —ETH D
ENSRRZERS.

W, =V (4.4)

0, -6.) (4.3)

qun= Vn (45)
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435 BtEtAHNKMERBERAXOELUETIORE
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Z)ﬁ—l . (4.6)
L

¥z, BECODVWTEHESRBCBI 2EMEAKREE & RENHRALZRED
TREBEOADREZEEITEDERTILT B,

X =

8 = <1 (4.7)

(4.8)

BEBTHZ ZRABEOHBIIDVWTD, EFHEICL> TERTLT D, R
. BAEBRNZKUREORBEOEETHL I EHBEBERICANS.
&

g == (4.9)
.
K=K(@1+Ag )" (4.10)
THICROEBRZEBILLTEI20DIC, ROLIBERTEZED S,
K, = XL (4.11)
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_Lg "

2 == (4.12)
TGV M,
ks3 = Lgc%(ch :651) (4 13)
CsI/cv(Os - gcl)
k=24 (4.14)
gccc

Z T,

_ (9 ! . dhn U-,p I—lT_F') _ &V’ _ o7v"
= e 0 II____V s WI WII_ (41r-)
G =W )+ W ) Vil )+T_V{ Go) ™ ‘aes)} 5

] 76

N

HBICRULEREBRICOWT, EERENS OB ZED, LEOERTEZH WV
TERTIETBE ERDEDIZR B,

A
it

— = kMG -k F(Ag)) —k {1+ F(AgD} [ (86 - A6 )ax" (4.16)
AG’ . JAB’
a.“+2ﬂ+A&) <
ot
- k {1+ F(ag)H}a6, - 86y +k{F(8g) - 8¢ }(B, -8,) (4.17)
Z T,
F(Ag )=(1+Ag )’ -1 (4.18)

A (4.16) . (4.17) ITDOWT, BEA[NEREZBEEZEHAT ALK TRDIER

EPERETNEEI ENTES,

MR EZREL., COWMRECEEEROBTERT S EROLS RS,

L —POk.{s® + 20k +3)s + (k> + 6k —12]
Agc |SI—A|[ s3{s + (c+ )S+(c + c }

2% (PO -1)

Rt L —

{k - exp(—k)s + (&2 +12k, ~12) + 12 - k*)exp(-k,)} (4.19)

T,
s7 -4 =5’ + 2k +2k, +k, +6)s°
+{K? + 2k k, + 6k + 12k, +12 + (%, + )k, }s

+{24k,, + (k, + 6k, +12)k,} (4.20)
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5. RNAEREOYR, EMBAKROBREMBOREEREDO RN TENTL
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B hFEFRRELTOEBAAKICDNT, 4.3.2HERBEORTE (BEIA
RAZHELZRS) OB EXCIRNF-RNIABLIYENZREETRE, #0F
NROEXIITK S,

d ! 1 .

o s~ Bvs) = Q1 —gohs = (8, + g )15 + &b (4.21)
LW -g (g +g,) (4.22)
dt s gm gr gdl .
vsWs =I/s (423)

*Kﬁb:i%ﬁ??&é&ﬂﬁﬁﬁ%ﬁ\b:ﬂ%i’%%é\ KRNI TN R D = iR
BESRTREAWNZTS . CITREFTIVEGBAETS720M411 IKRT LD RREK
BEEZAVTERBIVP I 2L -3 %75, K412 R L ERTHBITKE
K[EBRENEL TVEMHPORZTMOHEERT S ENA.13 DK 5 ITHMBAD
BALGWCKORAZTIE XK S, MBEAET 5. ARBAKHBRBIIBVTHREEN
FEEFARICE-EDPETINETEIECE>TUTOXERS,

d n ’

;t-(hd -Fv,)=g,h -8, -0 (4.24)

d

2 Ve T 8 " Baz (4.25)
d o

WCCC ZBE =gccc(9cl _Bc2)+Qc (42())

vaWa = Vg (4.27)

ld =—LV,;I'Vd(1—Xd) (428)

Ad
Q. =K;5,6,-0,) (4.29)
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