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 ScdNa  metal  halide  lamps  are  occupying  an  important  place  as  energy

saving  light  sources  because  of  the  high  luminous  etficacy  and  the  good
color  rendition.  In order  to  realize  higher  luiminous  efficacy,  authors                                                          have

investigated  the  effect  of  tamp  design  factoirs  on  radiation  properties  and

                                              4 mole  fraction.Iuminous  efficacy  under  the  condition  ot  higher  NaScl

 Based  on  the  resutts  ot  the  preaise  measurements,  the  effects  of  the  lamp

design  factors  related  to  the  co{d  spor"emperature  on  the  radtation  pro-
                                                         as  the                                                  as  well
perties  have  been  weNl  understood.  The  noveL  approach

optimization  of  the  lamp  design  factors  at  lower  co[d  temperature  
have

realized  a  high  luminous  efficacy  of  t21  lmlW  in 400W  scandium-sodium

iodide  lamps.

 1. Introduction
 Arnong  the various  kinds of  metal  halide arc

lamps, scandium-sodium  iodide arc  lamps  are  oc-

cupying  an  important place as  a  light souree  because
of  a high Iuminous  eMcacy  and  good  color  rendition.

The  spectral  power  distribution emitted  from  this

light source  mainly  consists  of  several  lines frem

Hg,  D-lines from Na, and  a large number  of  lines

radiated  from  Sc, The  radiation  from the additives

is significantly  affected  by chemieal  and  physical

phenomena,  whieh  are  roughly  classified  into two

groups, One is thermoehemical  properties of  Sel:-
Nal molten  salt  whieh  determine  the vapor  pressure
and  
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  Figure  2 shows  radiation  properties  as  a  func-
of  the relative  quantity of  iodides. The measured

value  is also  normalized  by  using  the standard  value

of 100 to represent  the radiation  properties with

relative  iodides quantity of  1.0. Less  ehange  in

luminous eMcacy  of the visible  radiation  was  ob-

served  for different quantities  of  iodide as  eomparecl

with  that in the visible  radiant  eMciency.  Overall
luminous  eMeaey,  therefore, is dependent upon  the
visible  radiant  efieieney.  The  change  in the visible

radiant  eMciency  is corresponding  to that in radi-

ation  power  of  Sc and  Na,  These results  are  the
same  as  shown  in Fig. 1. The  difference of  radi-

ation  properties  with  iodides-quantity of  1.0 and

2,O is not  so  clear, but the reduetion  in the radiation

power  of  Sc and  Na  and  the consequent  reduetion

in the visible  radiant  eMcieney  and  luminous  eMeacy

were  mueh  greater  with  the decrease of  relative

iodides-quantity in smaller  quantity range,

  Figure  3 shows  radiation  properties as  a  func-
tion of  inner diameter  (I,D.) of  arc  tube  wkh

constant  speeific wall  loading, The measured  value

is also  normalized  by using  the standard  value  of

100 to represent  the radiation  properties with  inner
diameter  of  1,95cm,  The  dependence  of  the over-

all luminous eMcacy  on  the  visible  radiant  eMciency

and  the dependence of the visible  radiant  eMciency

on  the radiation  power  of Sc and  Na  were  also

observed.  As  well  known,  the inerease in inner
diameter  results  in the increase in eonveetion,  and

consequently  reduces  the additive  segregation6}T).

The  reduction  of  additive  segregation  may  be effee-

tive to increase radiation  power  of  Sc and  Na. Since
this measurement  was  made  for constant  lamp

wattage  and  constant  specifie  wall  loading, the

change  in inner diameter ineludes the change  in
input power  per unit  are  length and  also  includes

the ehange  of  the cold  spot  temperature, There-

fore, it could  be estimated  that the increase of  inner
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diameter  and  the accompanying  inerease of  input

power  per unit  arc  length might  result  in the  in-

erease  of  radiation  power  of  Se and  Na. But the
curve  of  radiation  power  and  overall  luminous
eMcacy  in Fig. 3 has a  maximum  value  at  the inner

diameter of  about  2,Ocm.  It might  be based on

the difference in the cold  spot  temperature. More

preeise experiments  and  quantitative measurements

are  required  for strict  consideratiQn.

  Figure  4 shows  Tadiation  properties  as  a func-
tion of  specific  wall  loading. The measured  value

is also  normalized  by  using  the standard  value  of
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100 to represent  the radiation  properties with  wall
loading of 15.55 Wfcm2.  The dependence of  the over-
all Iuminous eMcacy  on  the visible  radiant  eMciency
was  also  observed.  The increase in the visible
radiant  eMciency,  however, resulted  from the in-
crease  only  in the radiation  power  of  Na.

  3.2  Radiatien  properties  measured

       for  the  arc  tube  in the  indium  bath

  Figure 5 shows  radiation  properties with  two
kinds of  NaScl, mole  fraction as  a  function of the
cold  spot  temperature. In this figure the measured

value  defines the dependence  of  radiation  properties
on  the cold  spot  temperature  by  the standard
value  of  10e to represent  each  value  of  radiation

properties with  mole  fraetion of O.57 at the eold

spot  temperature  of  600eC.  As  shown  in this figure,
radiation  properties are  strongly  dependent  upon

the cold  spot  temperatuTe.  In the case  of  mole
fraction of  O.57, when  the cold  spot  temperature
was  inereased from  5000C to 6750C,  about  70%
inerease in luminous eMcacy  could  be realized.  And
higher  NaScl, mole  fraction is advantageous  to get
higher radiation  power  of  Sc and  Na, and  conse-

quently about  10%  increase in luminous  eMcacy  can

be obtained  with  mole  fraction of O.87 at  the same

eold  spot  temperature.  The above  advantage  cannot

be maintained  at  higher  cold  spot  temperature  due
to arc  constriction.
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  Figure  6 shows  the effect  of  inner diameter of

the  arc  tube. In this figure the measured  value

is also  normalised  by using  the standard  value  of

100 to represent  each  radiation  properties  with  in-
ner  diameter of  1,95cm  at  the cold  spot  tempera-
ture of  600eC.  As  shown  in this figure, the increase
in inner diameter  eombined  with  higher  NaSel,

Fig.  6
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 Radiation properties  with  di.f-
 ferent inner diameters as  a

 fzanction of  the  cold  spot  tem-

 perature.

mole  fraction is effeetive  to realize  higher  radi-

ation  power  of  Sc and  Na,  and  more  effective  for
Na  at  lower cold  spot  temperature.  But  at  the
eold  spot  temperature  above  6000C,  the arc  with

inner diameter of  2.2cm  cannot  be  effective  be-
cause  of  arc  eonstrietion.  When  we  ean  realize  the
cold  spot  temperature  above  6000C,  inner  diameter
of  1.95cm  is advantageous  to realize  higher  lumi-
nous  eMeacy.

  Figure  7 shows  the effect  of  wall  ]oading. In
this figure the measured  value  is also  normalised

-I,D.=1,95cm
---I.D.=2.2 cm
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by  using  the standard  value  of  100 to xepse-

sent  each  radiation  preperty  with  wall  loading of

15.55Wfcm  at  the cold  spot  temperature  ef  6eeeC.

As shown  in this figure, the inerease oS  wast  load-
ing is signifieantly  effective  to inerease radia･tion

poweT  of  Sc  and  Na  at  the same  cold  spot  tempera-

ture. About  a  40%  increase in lumai'noas etheacy

can  be  attained  with  hlgher  wall  loading in the eold

spot  temperature range  from  55eeC  to 6250C.

  It is very  impressive  that the effeet  ot  increasing

wall  loading is great even  when  the cold  spot  tem-

perature  is relatively  low. This  phenomenon  implies

the inerease in input power  per unit  arc  length,

and  resultant  inerease in eonvection  and  ehange  in

arc  temperature are  much  more  preterabla to in-
crease  a  large amount  of  radiatibn  power  of  Se
and  Na. But at the eokl  spot  temperature  ahove
6200C, the above  effeet eannot  be realized  beeause
of  are  constriction.

  4. Novel  approach  to reaNize

      higher  luminous  efficamy

  Novel  approach  to realize  higher  luminous  eMcacy

was  made  based on the above  invegtigation. We
believe non-end-coating  is basically preferab!e to
utilize  the visible  radiatSon  from  the arc.  As  ex-

plained previously, the cold  spot  temperature of

sueh  an  are  tube seems  to be  lower  than  that of

usual  end  eoated  are  tubes. Our approaeh  to realize
higher luminous eMaacy  is basically to optirnize

the lamp design faetors under  the e(mdition  of

relatively  lower cold  spot  temperature  without  in-
ereasing  wall  loading. Because the increase in wall
loading usually  results  in the sigriificant deerease
of  lumen maintenance.

  Measured  cold  spot  temperature  of  the are  tube
with  inner diameter  of  1.95em  and  wall  loading
of  15.55 Wlcm'2 (1-=A in IIrable 1) was  about  600DC.
At  this ¢ old  spot  tempeTature,  mole  fraetion of  O.78
is most  effeetive  te realize  higher  lurriinous eMcaey
according  to Fig. 5. But  as  a  heat  eonserver  is

applied  to prevent  nitrogen  gas in outer  bulb from
eooling  the arc  tube, mole  fraction of  O.87 might

not  be preferable for arc  stability. Mole fraetion
o± O.57 is, therefore, chogen  as  the optimurn  com-

position of  additives.  Concerning inner diameter
of  the arc  tube, diameter of  1.95 em  is more  prefer-
able  to get  stable  and  eMeient  arc  aroundi  the above
mentioned  ¢ old  spot  temperature.  Tabie 2 shows

    Table 2 The  lamp design speeiffcation  for a

            newlv  designed tamp.

Fig. 8 A  photograph  of  the

      lamp  with  a  hectt
      conserver.

  As shown  in experimental  results,  in order  to
realize  higher  luminous  eMeaey  it is preferable to

inerease the cold  spot  temperature as  high  as  pos-
sible, taking are  eonstrietion  into consideration.

The above  heat conserver  enable  to get higher  cold

spot  ternperature without  absorption  of  visible  radi-

ation  from arc,  We  believe it also  contributes  to

realize  more  uniform  temperature distribution of

are  tube  wall.

  Table 3 shows  radiation  properties of  a  newly

designed larnp ¢ ornparing  with  them  of  the lamp

 Table  3 Raddation properties of  a  newtu  designed

         newly  400W  lamp<A)  comparing  them

         of  the tamp  without  the  heat eonser-

          ver<B)
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NaScla rnole  fraction O..39

Heat  conserver  Quartz cap
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the design specificaSion  for a  newly  designed

400W  scandium-sgdium  iodide are  lamp.  And
Fig. 8 shews  a  photograph  of  the lamp  with a

heat conserver  made  ef  quartz.
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          the newlu  designed 40eW  lamp.

.Vol. 7･･Ne. 2 1983 11

NII-Electronic  



The Illuminating Engineering Institute of Japan

NII-Electronic Library Service

TheIlluminatingEngineering  Institute  of  Japan

without  the heat eonserver.  By  utilizing  the heat
eonserver,  the increase in radiation  from  Se and

Na  was  obtain'ed,  cQnsequently  the inerease in the
visible  radiant  eMeiency  was  realized.  11%  in-
erease  of luminous  eMcacy  was  realized  based on

the effeet  of  the heat censerver.  High  lurrrinous
eMcaey  of  121lmfW  was  realized  (after 20 hours
aged).  Figure  9 shows  the speetral  power  distri-
bution of  the new  Iamp. Correlated'color ternpera-
ture was  4870 K, and  eolor  rendering  index Qf  68
was  obtained.  ･'

  5- Oiscussion

  The  authors  have investigated the effeets  of  the
Iamp  design  faetors related  to the cold  spot  tem-
perature  on  the radiation  properties in seandium-

sodium  iodide are  lamps. Our  measurements  of  the
radiation  properties have been mainly  concerned
with  higher  mole  fraction of  NaScl,, eomparing

with  the investigation by  Ishigami  et  al.5].

  According  to Fig. 5 higher  NaScl, mo]e  fraction
is advantageous  to realize  higher  radiation  power
of  Sc and  Na  at  the same  eold  spot  temperature  in
relatively  wide  eold  spot  temperature range.  In
this temperature  range  the increase in the radi-

ation  of  Se is roughly  equal  to that in the radiation
power  bf Na  aeeompanied  by the increase of  NaSel,
mole  fraetion. It should  be noted  that the maximum
values  of  Se and  Na  Tadiation  power  are  almost
same  for different mole  fraetions. Hirayama  et  al.

determined the Nal/Sel, ratios  of  the vapor  over

the molten  mixtures  by  the eondensate  analysis,

and  eonfirmed  that the vapor  over  the mixtures

Wi'th the NaScl,  rrTole  fraction higher  than  O.53
was  dominated by  the NaSel, complex,  and  the
vapor  over  the maxtures  with  the NaScl., mole

fraetion lpwer than O.19 was  eontributed  by  other

eorpplexes  of  Na2Scls  and  so  on2).  Therefore, we
estimate  that the vapor  over  the mixtures  with

NaScl,, mole  fraction of  O.39 may  be still dominated
by  the NaSel, eomplex,

  We  examined  the effeets  of  the inner diameter
on  the radiation  properties under  the condition  of
the same  wall  Ioading, In this case  the inerease
of  the inner diameter  results  in the inerease of

Sc and  Na  radiation  power  at  the same  eold  spot
temperature  in lower cold  spot  temperatuTe range,
arpd more  effective  for the inerease of.the  Na  radi-

ation  power. From  Fig. 6 and  Fig, 7, we  can  also

eompare  the radiation  properties for 1.95em  of

the inner diameter  and  for 2.2em  of  the inner
diameter  under  the condition  of  the same  input

power  per unit  are  length. 2.2em  of  the inner
diameter in Fig. 6 eorresponds  to le8.IWfem,
while  15.55Wfem2  and  21.76Wlcm2  of  wall  load-
ing in Fig. 7 corresponds  to 95.2 Wfem  and  M33.3 Wl
em,  respectively.  Based  on  the eomparison  of the
radiq.tion  powers  at  the same  input power  per ullit

are  length for the clifferent inner diameters, it is
confirmed  that the inerease in the inner diameter
is still effective  for the increase in Na  radiation

power,  but is not  effeetive  for the inerease in the
Sc radiation  power.

  The inerease in the wall  loading is significantly

effective  for the increase in the Se and  Na  radi-
ation  powers.  The  arc  with  21.76Wlcm2  of  the
wall  loading eonstricts  at Iower eold  spot  tempera-
ture eomparing  with  the are  with  15,55Wfem2  of
the wall  loading, but it realizes  significantly  higher
maximum  radiation  power  of  Na  and  a  little higher
maximum  radiation  power  of  Sc. It is noted  that
the increase ef  the Na  radiation  power  is mueh

greater  than  that of  the Sc radiation  power  with

the inerease of  the wall  Ioading at the same  cold

spot  temperature.

  As  shown  in the literature, the Na  particles
segregate  signifieantly  due to the axial  and  radial

demixing. The  dominant inerease in the Na  radi-

ation  power  with  the increase in the inner diameter
and  the wall  loading seems  to be eaused  by the
reduction  of the demixing.
  Arc  eonstriction  is also  important  phenomenon
because  it suppresses  the increase in the Sc  and

Na  radiation  powers. It is useful  to note  the maxi-

mum  Se radiation  powers  frorn Fig. 5 to Fig. 7,
beeause they are  roughly  proportional  to the Sc
density in the arc  when  the arc  begins to eonstrict.

The  maximum  radiation  power  of  Sc  is not  affeeted
by the mole  fraetion, and  it is also  shown  that
larger inner diameter  results  in lowering  the maxi-
mum  radiation  power  of  Sc  and  higher  wall  loading
Tesults  in inereasing it. Based  on  Zollweg's investi-
gation  that the arc  constrietion  may  be  due to Sel
radiation  at  relatively  lower are  temperature  region
in the presence of  higher  iodine partial pressureS),
the  maximum  radiation  power  of  Se may  be  depend-
ent  upon  the partial pressure  of  Sel and  are  tem-
perature  gradient.  But more  precise investigation
will  be required  for the striet  eonsideration,

  Based  on  the above  consideration,  our  novel  ap-

proach  has been performecl by applying  higher mole
fraetion than conventional  one  to the are  tube with

lower eold  spot  temperature  and  optimizing  the
lamp design factors, Utilizing the quartz eap,

whieh  prevents the end  portion of  arc  tube  from
cooling  and  also  contributes  to more  uniform  tem-
perature  gradient  of  arc  tube wall,  as  well  as  the
optimization  realize  a  high Iuminous  eMeaey  of
121lmfW  (after 20 hours  aged)  in 400W  Se-Na
iodide a"c  lamps.

  6. Conclusion

 
'Pre

¢ ise measurements  of  the Tadiation  properties
in scandium-sodium  iodide are  lamps, espeeially  for
high mole  fraction in which  the NaSel. eomplex  is
dominated  in the vapor  phase, have  been per-
formed. Based  on  the results  of  the measurements,

the effects  of  the lamp design faetors related  to
the cold  spot  temperature  on  the radiation  prop-
erties  have  been well  understood.  The  novel  ap-

proach  as  well  as  the optimization  of  the lamp
design  faetors at  lower eolld  temperature  have
realizeda  high  luminous eMeacy  of  121 lmlW  (after
20  hours  aged)  in 400W  scandium-sodium  iodide
lamps.
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