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esjB dk;ZLFky ij lkSj fofdj.k dk vuqeku

v'kksd dqekj jktiwr] lquhy dqekj xks;y] xkSjo JhokLro ,oa jkts'k dqekj frokjh¹
fo|qr vfHk;kaf=kdh foHkkx] esjB baLVhV~̧ kwV vkWQ+ bathfu;fjax ,aM VsDuksykWth] esjB 250 005 ¼m-iz-½
¹vuqiz;qä foKku vkSj ekufodh foHkkx] ,chbZ,l bathfu;fjax dkWyst] xkft;kckn 201 009 ¼m-iz-½

lkjka'k % ;g 'kks/k Hkkjr ds if'Pkeh mÙkj izns'k vkSj jk"Vªh; jkt/kkuh {ks=k esa fLFkr ns'kkUrj 77-706 ¼77°43' iwoZ½ vkSj v{kka'k 28-984 ¼28°59* mÙkj½ okys dk;ZLFky
esa lkSj fofdj.k ds vkdyu vkSj fo'ys"k.k ls lacaf/kr gSA lkSj fofdj.k ÅtkZ tks HkkSxksfyd fLFkfr vkSj ekSle dh fLFkfr ds vuqlkj cnyrh gS vkSj lkSj fofdj.k
ds ?kVd tSls oSf'od vkSj folfjr ?kVdksa esa fHkUUkrk ij Hkh fuHkZj djrh gSA gj lky twu ls flracj rd o"kkZ _rq dks NksM+dj lkSj fofdj.k ds QSyus okys ?kVd
vf/kd ik, tkrs gSa vkSj bl {ks=k esa miyC/k lkSj ÅtkZ dkQh ek=kk esa gksrh gSA ;g dk;Z] iw.kZ lkSj fofdj.k ds lkSj ?kVdksa esa fHkUUkrk dk vuqeku yxkrk gS vkSj
lkSj fofdj.k ÅtkZ dh laHkkfor miyC/krk] esjB {ks=k esa fo|qr ÅtkZ ladV dks de djus ds fy, egRoiw.kZ Hkwfedk fuHkk ldrk gSA

Solar radiation estimates at Meerut workplace

Ashok Kumar Rajput, Sunil Kumar Goyal, Gaurav Srivastava & Rajesh Kumar Tiwari*
Electrical Engineering Department, Meerut Institute of Engineering and Technology, Meerut 250 005 (U.P.)
*Department of Applied Sciences and Humanities, ABES Engineering College, Ghaziabad 201 009 (U.P.)

Abstract
The research is concerned with the assessment and analysis of solar radiation in a workplace with longitude 77.706 (77°43' east) and latitude
28.984 (28°59' north) located in western Uttar Pradesh and the National Capital Region of India. Solar radiation energy which varies according
to geographical location and weather conditions and also depends on the variation in components of solar radiation such as global and diffused
components. Every year from June to September except the rainy season, the spreading components of solar radiation are more and there is a
significant amount of solar energy available in this area. This work estimates the variation in solar components of complete solar radiation and the
possible availability of solar radiation energy, may play an important role in reducing the electrical energy crisis in the Meerut region.

izLrkouk
esjB 'kgj us 220@132KV ds rhu eq[; mi&LVs'kuksa ds lkFk

viuh {kerk dks c<+k;k gSA izR;sd esa 320 MVA yksM vkSj 238
MVA ds 15 mi&LVs'ku gSa] tks 1]23]405 vkoklh;] 34]245
okf.kfT;d vkSj 5]379 vkS|ksfxd miHkksäkvksa dh t:jrksa dks
iwjk djrk gSA fctyh ds cqfu;knh <kaps esa bl o`f) ds ckotwn]
;g fctyh dh c<+rh ekax dk lkeuk djus esa l{ke ugha gSA
blfy,] bl v/;;u dk mís'; esjB ¼fp=k&1½ esa miyC/k lkSj
fofdj.k ÅtkZ dk vuqeku yxkuk vkSj fo|qr ÅtkZ esa blds
:ikarj.k dh laHkkouk dk irk yxkuk rFkk jkT; esa izpfyr
ÅtkZ ladVksa ds lek/kku esa ;ksxnku iznku djuk gSA blls igys

Hkh fofHkUUk dk;ZLFkyksa tSls iq.ks6] iz;kxjkt ¼bykgkckn½4 ij
lkSj fofdj.k dk vkdyu fd;k tk pqdk gSA

fofdj.k ds vuqeku dh fof/k

oSf'od lkSj fofdj.k dk vuqeku yxkus ds fy, /kwi dh
vof/k vkSj /kwi dk le; lcls vf/kd bLrseky fd;k tkus
okyk ekinaM gSA ,d fuf'Pkr vof/k ftlesa izR;{k lkSj fofdj.k
izfroxZ ehVj 120W ls vf/kd ds fy, /kwi dh vof/k yh
tkuh pkfg,A y?kq&rjaxnS/;Z lkSj fofdj.k dh rhozrk dks
MJ/m2 esa eki fy;k tkrk gSA /kwi dh vof/k dks vklkuh ls
ekik tk ldrk gS] vkSj izklafxd vkadM+k ekSle LVs'kuksa ls
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vklkuh ls miyC/k gSA oSf'od lkSj fofdj.k ds vuqeku ls
lacaf/kr vf/kdka'k ekWMy /kwi vuqikr ¼S/S½ ij vk/kkfjr gSa
tks ekfld vkSlr nSfud oSf'od fofdj.k dh Hkfo";ok.kh esa
enn djrk gSA bl dke esa rhu ekWMyksa ij fopkj fd;k x;k
gS] vFkkZr~ ,aXLVªkWe&izsLdkWV ekWMy] vkWxsyeSu ekWMy vkSj lSeqvy
ekWMy tks oSf'od fofdj.k dk vuqeku yxkus ds mís'; ls uhps
fn, x, gSaA

±
• ,axLVªkWe&izsLdkWV ekWMy1% ;g lcls vf/kd bLrseky fd;k
tkus okyk ekWMy gS&
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tgka Hg oSf'od lkSj fofdj.k gS Ho vykSfdd lkSj fofdj.k
gS] s dk vFkZ /kwi dk le; gS vkSj S dk vFkZ /kwi dh vof/k]
a vkSj b vkuqHkfod xq.kkad gSaA

• vkWxsyeSu ekWMy2 % oSf'od lkSj fofdj.k dk vkdyu djus ds
fy, vkWxsyeSu }kjk fuEufyf[kr lehdj.k izLrqr fd;k
x;k gS&
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tgka a] b vkSj c vkuqHkfod xq.kkad gSaA ;g izÑfr esa f}?kkr
,d nwljk Øe lehdj.k gSA

fp=k & 1
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• lSeqvy ekWMy3 % lSeqvy us fuEufyf[kr lehdj.k ¼3½ }kjk
,d {kSfrt lrg ij oSf'od lkSj fofdj.k dk vuqeku yxk;kA
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tgka a, b, c vkSj d vkuqHkfod xq.kkad gSaA

cgqin ds Øe esa ifjorZu ds dkj.k] fu/kkZj.k ds xq.kkad esa
fHkUUkrk dsoy 0-19» gS tks fd cgqr de gSA blfy,] bl
'kks/ki=k esa dsoy fofdj.k ekinaMksa ij vk/kkfjr ,axLVªkWe&izsLdkWV
ekWMy dks oSf'od fofdj.k dk vuqeku yxkus ds fy, fy;k
x;k gSA

bl i=k dk mís'; fdlh fn, x, LFkku ij ,d {kSfrt lrg
ij oSf'od] izR;{k vkSj QSyus okys lkSj fofdj.k dk vuqeku
yxkuk gS] tks le;&le; ij 'kks/kdrkZvksa }kjk fodflr fofHkUUk
lehdj.kksa }kjk izkIr fd;k tk ldrk gSA vuqikr s/S dks
vDlj ,axLVªkWe&izsLdkWV lehdj.k esa laHkkfor /kwi ds ?kaVs dk
izfr'kr dgk tkrk gSA lkfgR; esa miyC/k fofHkUUk ekWMyksa dk
mi;ksx djds tyok;q izfrxeu xq.kkad dh x.kuk dh tk
ldrh gSA ,axLVªkWe ds izfrxeu xq.kkad a vkSj b ekSleh
ekinaMksa ij fuHkZj djrs gSaA Hkys gh vU; fof/k;k¡ miyC/k gksa]
lehdj.kksa ¼4½ vkSj ¼5½ dh enn ls izfrxeu xq.kkad4 dk
ewY;kadu fd;k tk ldrk gS&
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MQh vkSj csdeSu5 ds O;qRiUUk lehdj.k ¼6½ gSa tks mÙkj
izns'k jkT; esa esjB 'kgj ds fy, Ho dks Kkr djus ds fy,
iz;ksx fd;k x;k gS&
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tgka] v{kka'k gS] lkSj Ökqdko gS] s lw;kZLr ?kaVs dk
dks.k gS] Gsc lkSj fLFkjkad gS vkSj n eghus ds n osa fnu dks
n'kkZrk gSA

lkSj Ökqdko dh x.kuk lehdj.k ¼7½ dk mi;ksx djds dh
tk ldrh gS&
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lw;kZLr ?kaVs ds dks.k dh x.kuk lehdj.k¼8½ }kjk dh tk
ldrh gS

cos S = - tan  tan  ---¼8½

ØhFk us lkSj fofdj.k ds QSyus okys ?kVd dk vuqeku
yxkus ds fy, vkuqHkfod vfHkO;fä dk fodkl fd;k tks fd
QSyus okys lkSj fofdj.k Hd dks nSfud dqy fofdj.k Ho ls
lac) djrk gSA ;g lehdj.k ¼9½ esa uhps O;ä fd;k x;k gS&
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ekfld vkSlr fnu dh yackbZ lehdj.k ¼10½ }kjk x.kuk
dh tk ldrh gS&
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if'Pkeh mÙkj izns'k eas fLFkr esjB esa ok;qeaMy dh vuqifLFkfr
esa ekfld vkSlr nSfud lkSj fofdj.k Ho vkSj ekfld vkSlr
nSfud oSf'od lkSj fofdj.k Hg nksuksa dk vkdyu djus ds
fy, fufo"V ekinaMksa dk iwjk fooj.k lkj.kh 1 vkSj lkj.kh 2
esa fn;k x;k gSA Li"V :i ls ns[kk tkrk gS fd iwjs o"kZ esa
laHkor% /kwi dk izfr'kr yxHkx 62-4» gSA izfrxeu xq.kkad
"a" vkSj "b" dk izfrLFkkiu ekfld vkSlr nSfud oSf'od lkSj
fofdj.k Hg ds vkdyu ds fy, ,axLVªkWe lehdj.kksa esa fpf=kr
fd;k x;k gSA esjB ds fy, /kwi ds ?kaVs dk laHko izfr'kr
fp=k&2 esa n'kkZ;k x;k gSA vkSj lw;kZLr ds ?kaVs dks fp=k&3 esa
fn[kk;k x;k gSA esjB 'kgj ds fy, H0, Hg vkSj Hd dk eku
o"kZ ds izR;sd ekg ds fy, fofHkUUk lehdj.kksa 1]6]9 dk
mi;ksx djds izkIr fd;k x;k gS] Ho, Hg vkSj Hd lHkh dks
lkj.kh 3 esa n'kkZ;k x;k gSA
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fp=k 3 & laHko /kwi ?kaVs

fp=k 2 & lw;kZLr ¼?kaVk dks.k fMxzh esa½
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lkj.kh 1 & ok;qeaMy dh vuqifLFkfr esa ekfld vkSlr lkSj fofdj.k ds vkdyu ds fy, fufo"V ekinaM esjB] mÙkj izns'k] Hkkjr

eghuk n ¼n esa eghuksa dk fnu½   ¼lkSj Ökqdko fMxzh esa½ s ¼lw;kZLr ?kaVk dks.k fMxzh esa½

tuojh 17 &20-9 77-79
Q+jojh 47 &13-0 82-65
ekpZ 75 &2-40 88-67
vizSy 105 9-40 95-26
ebZ 135 18-8 100-87
twu 162 23-1 103-62
tqykbZ 198 21-2 102-41
vxLr 228 13-5 97-64
flracj 258 2-20 91-23
vDrwcj 288 &9-60 84-62
uoEcj 318 &18-9 79-07
fnlEcj 344 &23-0 76-40

lkj.kh 2 & esjB] mÙkj izns'k] Hkkjr esa ekfld vkSlr oSf'od lkSj fofdj.k ¼Hg½ ds vkdyu ds fy, fufo"V ekinaM

eghuk S¼ekfld vkSlr /kwi ?kaVs½ S ¼ekfld fnu dh vkSlr yackbZ½ s/S ¼laHko /kwi ?kaVs½
tuojh 6-9 10-4 0-6635
Q+jojh 7-7 11-0 0-7000
ekpZ 7-7 11-8 0-6525
vizSy 8-8 12-7 0-6929
ebZ 8-5 13-5 0-6269
twu 6-6 13-8 0-4783
tqykbZ 5-4 13-7 0-3942
vxLr 5-7 13-0 0-4385
flracj 7-3 12-2 0-5984
vDrwcj 8-7 11-3 0-7699
uoEcj 8-3 10-5 0-7905
fnlEcj 7-0 10-2 0-6863

QSyus okys lkSj fofdj.k ¼Hd½ dk eku twu ls vxLr ds
nkSjku yxHkx leku gksrk gS tcfd oSf'od fofdj.k ¼Hg½ o"kZ
esa ebZ vkSj flracj] ekpZ vkSj vxLr ds eghuksa esa yxHkx cjkcj
gSA Hd, Hg vkSj Ho dh rqyuk fp=k 4 esa fn[kkbZ xbZ gSA

vkdk'kh; ekSle
vkdk'k dh Li"Vrk] oSf'od lkSj fofdj.k rFkk i`Foh

dh lrg rd lh/ks igqapus okys lkSj fofdj.k dk vuqikr
gSA bls vkerkSj ij vkdk'k dh Li"Vrk dh fMxzh ds :i esa
tkuk tkrk gSA

KT = Hg/Ho(10)

tgka KT Li"Vrk lwpdkad gSA ;g ns[kuk mRlkgtud gS
fd esjB dk vkdk'k twu] tqykbZ] vxLr vkSj flracj dks
NksM+dj o"kZ esa 66» lkQ gS] twu] tqykbZ] vxLr vkSj flracj
ds nkSjku ;g 50» ls 61» ds chp jgrk gS] ysfdu tqykbZ
vkSj vxLr ds eghuksa esa ;g 56» ¼KT<0-56½ ls uhps gSaA
Li"Vrk lwpdkad dh x.kuk ls ;g Li"V :i ls ns[kk tkrk gS
fd uoacj ds eghus esa] vkdk'k dk vf/kdre Hkkx lkQ jgrk
gS tSlk fd fp=k 5 esa fn[kk;k x;k gSA
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fp=k 4 & esjB ds fy, Hd, Hg, Ho dk ekfld ifjorZu

lkj.kh 3 & esjB] mÙkj izns'k] Hkkjr ds fy, laiw.kZ lkSj fofdj.k fooj.k

eghuk a b Ho Hg Hd KT

(MJ/m2- (MJ/m2- (MJ/m2- (Hg/Ho)

fnu) fnu) fnu)

tuojh 0-31 0-50 21-88 14-04 4-53 0-6417

Q+jojh 0-32 0-48 26-46 17-36 5-18 0-6561

ekpZ 0-31 0-51 31-96 20-54 6-59 0-6427

vizSy 0-32 0-48 36-97 24-13 7-34 0-6527

ebZ 0-30 0-53 39-99 26-68 7-46 0-6672

twu 0-25 0-63 41-02 22-62 10-76 0-5514

tqykbZ 0-23 0-69 40-39 20-28 11-35 0-5021

vxLr 0-24 0-66 38-03 20-13 10-33 0-5293

flracj 0-29 0-55 33-67 20-85 7-52 0-6192

vDrwcj 0-35 0-43 28-02 19-08 4-89 0-6809

uoEcj 0-36 0-41 22-42 15-34 3-84 0-6842

fnlEcj 0-32 0-49 20-57 13-50 4-02 0-6563
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fu"d"kZ

bl 'kks/ki=k esa] vuqekfur oSf'od lkSj fofdj.k dks cgqr gh
dq'kyrk ls lkSj iSuy dh lgk;rk ls fo|qr ÅtkZ esa ifjofrZr
fd;k tk ldrk gSA :ikarj.k izfØ;k ds ckn jkT; ds p;fur
dk;ZLFky esjB] mÙkj izns'k] Hkkjr esa ÅtkZ dh ekax dh HkjikbZ dh
tk ldrh gSA lkSj fofdj.k ds laiw.kZ ?kVdksa dks lehdj.kksa ¼1½ ls
¼10½ dh lgk;rk ls izkIr fd;k x;k gS] ftudk mYys[k miyC/
k lkj.kh 1] lkj.kh 2 vkSj lkj.kh 3 esa fd;k x;k gSA ;g
:ikarj.k izfØ;k Hkfo"; esa bl dk;ZLFky esjB] mÙkj izns'k] Hkkjr
esa ÅtkZ dh ekax dks gy djus esa lgk;d fl) gks ldrh gSA

lanHkZ
1- ,axLVªkWe ,] lkSj vkSj LFkyh; fofdj.k- =kSekfld tuZy

vkWQ n jkW;y ekSle foKku lkslkbVh] 50¼1924½ 121&126-

2- vkWxsyeSu ,p] ,lsfoV , ,oa rLnsfejksmYyq bZ] mTToy
/kwi MsVk ls lkSj fofdj.k dk vuqeku yxkus ds fy,
,d ubZ fof/k] lkSj ÅtkZ] 33¼1984½ 619&625-

3- lSeqvy] Vh Mh ,e ,] Jhyadk ds fy, oSf'od fofdj.k
dk vuqeku] lkSj ÅtkZ] 47¼1991½ 333&337-

4- jktiwr v'kksd dqekj] voLFkh Mh oh ,oa nqxsZ'k dqekj]
^^mÙkj izns'k] Hkkjr esa iwoZ ls if'Pke rd vuqekfur lkSj
fofdj.k dk ifjorZu- lh-vkbZ-ih-bZ-lh-,p] ¼2014½
390&394(

5- MQh ts , ,oa csdeSu MCY;w ,] lksyj bathfu;fjax vkWQ
FkeZy izkslhlsl] tkWu&foyh ,aM lal U;w;kWdZ ¼1991½ 110-

6- jktiwr , ds] frokjh vkj ds ,oa 'kekZ vrqy] ^^mi;ksfxrk
csl iq.ks] egkjk"Vª] Hkkjr esa lkSj fofdj.k dk vuqeku-Þ
vkbZ-ts-ih-,-,l-Vh] 13¼2012½ 19&26-

fp=k 5 & Li"Vrk lwpdkad (KT)
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