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*^NOAA For^m 47-34^3^
(R^EV. ̂ Г^, '32^1

TAPE LIBRARY E^NTR^Y REQUEST

^и.̂ о. D^ep^a r̂tm^e^nt ̂ о '̂. ̂ Com ̂ -̂ .e r̂̂ ,̂ .̂ 0^
^io^n^a^l Oc^e^a^nic and *А^тт^о^э.^^.е^м^- ̂ A^dm^ini^st^r^ati^o^n
*.^D^VÌ: ̂ on*-^T^onta^i *O^jta *an.'^j *, *nfc *r^^^-.^ti^c^- *^Se.v^.^-^e^

^Na^tio^na^l C l i ^m^a^ t i ^c Ce ̂ ri^t^t r

*^! ̂ 1. ̂ R^EQU^ESTOR'S *NA

L *•
^Л E 2. ORGA^NIZATIO^N

*-'

3. DAT^E *S^^^S^.^VITTE^D 4. *Р^ЧЭ^М^с NU^M^BE^R

^5. *^v^VO^R^K TAPE ^NO.

^W. NO.. ^REEL ̂ NO. *. OF^. *TD. *^,^\0.

6. DATA SET ^МА^М^Е

i ̂ /^V^/ *-- ̂ C^.^/. *•
*.- ̂ f^f *•. *^•.-^•^••

^: - *• *^' -

*^|7. STATION ^NA^ME/NUMBER/RANGE

• *,

8. DATA DESC^RIPTION ^(INCLUDING DATA SORT^)

^D*^• *• *• *^> ^v.. *^'- *' *.•• - *^-^•^• *^' ^*
- ^-^Ч - ^« *^' *^'

*/

^у ̂ В^'^/ - *^—^AJ *^У^г^'^-^'^Л^' . ^ / ^ / . ^ - ^ о ^ / . ' . ^ -
*8b. *POR

^С^- *^/ *^-^-^> *^%. *^/^_^J^_ ̂ /^f^i i *^, *. ^- *^/ *. *,;^/^/,^.,^/.^_^• : 1 *• ̂ : *^Ь .^У 1 *• *^'

9. NO. TRACKS

*^П 7 TRACK *^E^Z 9 TRACK

*-1Ó^T DENSITY

Г !̂ 800 *BPI *Г^ '̂̂ ТбООВР !̂ ^H *6^2^BO *;̂ iPi * l̂̂ ~^~ *^O^~HEH

! 11. I^NTER^NAL LAB^ELS

^ET NON LABLED A^NSI *SL ^D OT^HER *SL

IF *U^NIVAC CREATED STANDARD LABEL, WAS *"^f" OPTION USED UPO^N CREATIO^N^

^di YES *^C^U NO IF NO - QUALIFIER *^• FILENAME USED

12. ^MOD^E ASCII E^BCDIC *LJ BCD BINARY *^П *SDF OTHER

*^,12b RECORD TYPE *rlXED VARIABLE UNDEFI^NED
C^D *SDF

*П OTH^E^R

13. UNI VAC QUARTER - WORD *(Q - *PRECEEDI^NG REEL ^N

14. TOTAL NUMBER OF^:^

RECORDS BLOCKS
*Г~" I ^-

0. ON *ASG^) ^C *Y

FILES

*/

ES *^d ^NO

15.
CHARACTERS P^E^R RECORD

CHARAC^TERS PER BLOCK ^; *^)

FOR DBA USE *^<^:^'^^^<^:^-^^^:^-^:'^:'^<^-:^-^^^\^-^^^^^<^\
16. LIBRARY NUMBERS

L *;^,'UMBER_

В NU^MBER^.

*SEQ NUMBER^.

*SEQ NU^MBER.

17. FIL^E NAME

L *F:LE NA^M^E^.^

В г *,^_^£ NAME^.

18. ̂ WORK TAPE *_i IS ^C^D IS NOT RELEASED

19. CO^MMENTS

20. DATE RETURNED 21.SIGNATU^RE



*^NOAA ̂ Form 47-348
(^REV. 11/82)

TAPE LIBRARY E^NTRY REQUEST

^U.S. De^partme^nt o^f C^o^mmerce
^N^a^tion^al Oce^anic a^nd *Atmosp^neric A^dmin^i^str^a^t^io^n

Enviro^nmental D^a^t^a ^ana I^nform^ation Service
^Nation^al C^l im^at ic C^en^ter

1.

5

6.

^7.

REQUESTOR

WORK TAPE

'S

*,^\

NAME 2. ORGA^NIZATIO^N 3. DATE SUBMITT^ED 4. PHONE ^N^UMB^ER

*^/^o^-^-^;^/^-*W. MO. *^<^;^.^>^-^; - *^r^^^*^' *^RF^P{ ^N^O OF *TD. ^NO.
*^*^,

DATA SET ^NAME *^_ *'- *• *.^_ ^» *, *^'. ^л *^j *^7^T^, *^' - *,^' - *.^- *^/'

STATION NAM*^E/NUMBER/RANGE

8. DATA DESCRIPTION (INCLUD^ING DATA SORT)

*^£•''•^-' *••' *^J^>fi *^•••^/^'. *^J^j^H^Ê^t^J ̂ -^V^;^-.'^/ *^(^J^L

/^r^i
*^ï^-.^r^-ï^'^i^'^- *•^-^;'• *S^T^t^-Г *'•^'••^' *v^£^/^/" *^M^t^W^T^H *^Ъ^Л^У *^-•••/ *^(••^'.'•^/:^'^! *.^..•^..•/. *. *• *^\^: *,^.^, *^-. ^- *"^•/^/'' ^i *•:• *,'-^,•••,^= *^-^n - *'• *',

i

*8b. POR

9. NO. TRACKS 10. DENSITY

*^П 7 TRACK *^Ш 9 TRACK *^С^З ^800 *BPI *^~]16COBPI *^П 62^50 *B^PI *^-^~^! OT^H^ER

11. INTERNAL LABELS

*L^7^J ̂ NON LABLED *^П ANSI *SL *П OTHER *SL

^;

i

IF *UNIVAC CREATED STANDARD LABEL, WAS *"^F" OPTION USED UPON CREATION ?

*^П YES *П NO IF NO - ^QUALIFI^ER ^* FIL^ENA^M^E *U^SFD_^.

1^7 *M^DDF *П ASCII ^P^I *^p^q^r^ni^r *П *Р.ГП *^F^lRINARY *^П.^Ч^П^Р *П^ПТ^К^Р^Н

*^*1^2^b RECORD *TYPF *П *^р|^*^Р^П *n^\^'^ÛRIAR^I^F *^П *II^Nn^F^PIM^F^n *^П *^9^p^p *^П *^OT^H^FR 1

13. *UNIVAC QUARTER -WORD *(Q- *PRECEEDING REEL *Г^Ю. ON *ASG) ^E] YES *^C^HNO

14. TOTAL NUMBER OF:

RECORDS

^30^^^70

BLOCKS FILES

*^__^_ ^3 *^ö^£^2 1 */
15.

CHARACTERS PER RECORD

CHARACTERS PER BLOCK

*^?<^*

FOR DBA USE *:X::^x^:x^::^ï:^ïx^ï^x^x':^x '̂:^x'̂ x^v'̂ x:^:^x^::^::
16. LIBRARY NUMBERS

L NU^MBER. *SEQ NUMBER^.

В NUMBER. *SEQ NUMBER.

*J

17. FILE NAME

L FI LE NAME.̂ .

В FILE NAME.

18. WORK TAPE IS ^С IS NOT REL^EASED

19. COM^MENTS

20. DATE RETURN^ED

i

21. SIGNATURE



* ^ + - * • . ^ . ^ . * ^ ^ ^ - * . ^ - ^ i ^ с ^ и * ^ . * •

*^;^y^-^Ï^U^,^.^,-^f^f^i^;:~ *.JC^S ^LAYOUT *^rq^kM *^]^' *j^1""^* *Г^:^Г-^'^^

^с

i
î

l
^t

*j

^t^
^i

*, *. *. *-"— *• *-.*..•' *•'.'•
^g

*^•--

*^î^?

I

^"^S'

*^~

^s

*^~

^0

^Z
*•^*

C "̂̂ » *.̂ "

*^o-> *^i^e
*^*-''•-^-
*^*^- *^' —

^0^^^.^^

^1

^§
^3
*^Ui

*^QL

^O

*t^v^it^^^f^ii^j^c- *^C^^^n^f

•

^SPD *^(^кл/ö^T^s^)

*^3^t^e^£^ï^«f^S)

*^H^öU^ß^-

*^D/^4^V
^m^o ̂ f^ar *н

*V^&^A/^3^-
^ST^ATIO^N

^C^D ^S

^e^n *:^2
^с^» ̂ 2

*cr^-. *^'^j^i

*cr^> *^^
*^cr^> *^^

*C^T^J *^^

^0^1 ̂ С^;^

c^o *̂ C^?

*^С^Г^7 ̂ £

*С^Г^Э *^^

^c^i *•->

^С^Т^. ^К

^ж ̂ я^

^с^-, ̂ g

^с-^» *^~

*^c^n *^x

*^d *^=
*^*^" ̂ s

^с^-. ̂ «
со *•^-

er̂ » *̂ ^̂ >

*^c^r^. ̂ S

*^< ̂ ; *^S^3^D^t^ì^I^L/^E>^A^l

*^f^f^f^i^K^, ̂ (^л) ̂ D. *^S^W>

*^H^O^U^K^, o^f
* r̂̂ f̂ t̂ ì î̂ t (̂ A l̂ /̂̂ V ^Л

в
^У

^0^.

*^С^о^^Т^Л^^^С^^^е^)

*^О^Л^1^/

*/^И^о^«^»Т^«

*^Y^ß^T^J^ß.
*'^S^~T^A^T/^o^<^t^>^
*^y^ü^i^l^A^i^g^^^T^^

^с-^. *^~
*^с^т ̂ s
*сг> *^^

*^"^»

*^с^т *^~.

^e^r^a *^S*^

е^л *^J^2

*^c^-^i ̂ -
СП *̂ ^

^'^с-^, *^°

С^П ^Я

*с^г^> ̂ £

^'•^ч ̂ S
*^С^Г^5 ̂ i^1

ê r̂ » *̂ ^
ê n г̂

^W^) ̂ Z^i
^С^П ^P

^c^r^i *^^^i^
ê r̂ » *̂ ^

ê r̂ » *̂ ?̂ ;
*C^T> *^^

*^C^T *^^

^«^n *^^

*^C^T^J *^^^»

*^cr^> *^Î^2

*C^-^. ̂ 1^2^

er̂ » r̂̂ ;

*СГ^) *^C^?

с^о r̂̂ :
CT .̂ ^S

^e^n *^~

er̂ . «̂̂ л
er. *̂ ^̂ >^
*^cr^» *•^»
ê r̂ » r̂̂ *

^er. ̂ —

*, ^- *'-^' *. *^' *• *• *' *^'

*C^QL^. ̂ 3 *^( - t ̂ F *^E>^Ar/^i */^H^fS^s^/^*/^Ç

^1 ̂ /^S *^C^e^)^D^&^1> /^л/ *^T^#/^*^> *^P^o^S^s^T^s^v^A^/^.

*\*

*^C^a^i^-^l^l^^ *^x. *^p^t^Â^tJ^ç^_^f^i ̂ /^/^i^/ *p^aSiT^'^C^AJ ̂ 1^1

*/^r^t^/^Dr^C^s^A *^T£^T^S *^/^y^i^ö^f^c^e^: ̂ r *^&^-^/^c^r^i */ */^V^r^f^«./^^ *^u^itT^t^f^/^f^J

У *^Pu^t^J^Q-^r^f ел^/ *^P^'^&^s^/Tf^o^a^j ̂ 7^t *^,*^

*^{

i

i
i

*^СН^Д^Н^6^Е *^О^Ч^£ *^^^А^6^£ 1

^U^S^A^?E*^"^^^C *.^j^l^S^:^Kf"V



*^" *'

*Л

*X^- *C^ou^^r^s *С

*^O^F */^t^f^.^e^.^s. *-^й *'^/^b^u^e^s

*^V^f^t^t *ô *^a^u^s^er *У^- *^V^e^w^e^s *^a*^

*^ë *^6^l^: *^Ï^L^&^M^Z^& *^7o *^&^<^? *С^ь

*^УХ^У^Х *^-^T^s *^« *^Oô^ôô */^ï^/^Jû

*^= *^У *У *^X^X

*^я *^У^УУ^У *^C^^s

*^^^^^' *^- *y *^/y *^y *^7^7^*^e^s *^* *^/^0^57

*У^У^ХУ *^3^-^s *^< *^.^/^4^/^A^'^v^s *^f/^S^5^, *^D^Ò *^A^/^or
*^o *^^ *^А^Л^Л^Л

*У^У^УУ *^J^5

*^G

*^Û^/^J

*V^A *L^U *^e *^s */^?^,^v^<û



^4 *^' *^VE^R^T^l^Cfi^L^—^ч^, *.^-. *^t^„, ^» *• *•-•-

^ч

*L^O

^s
о *^~

io
*^^

o
^'-'l^'^-

^e^n
^"Г

*^<^.0

*-!^-

*^4ï
"1"

*C\]
1 -
1

*c^v
1

^v^i-
1

^1^.0
Г

co
1

o

*^'T
*.

•
^-^

•

*. *. *'

*. *.. *.

•

•*^-. *.

*^_

•

*^ì~ *' *"

• -

*^_

*.
*"" *^;^~^~ *'

*.

*. *. *--

^!

*^",

*.^ч

 *:^4> *^^

*^"^$ *^Ï^H *^^
*^^ *^-c^^l *^•

^• *^S^< ̂ c^i^- *^(^f^j ^i^s ^*
C^M *^v^£ *: *^+
lì *'*
O
*^<^4' :

*. *. *•

^Ч *^//^'^i^p

*C^f^l^l^l

*^ос^т^. *^}^}

*^P^6^R6 *^A^?^?^i^y *^Я^О

*^У *^z *^S^u^o

*^г *r-

*^n^e *^.^t *^p.^/. *^5 *^/^-^?^/-^v/

*'^J^&^e *^O *^i^' *^V^- *C^o^w^£ *o *^o^o^o *^т^о



E^NVIRONME^NTA^L. SC^IENC^E S^ERVICE^S A^DMINISTRAT^ION

^E^NV^I^RO^NM^E^NTAL. D^ATA ^S^E^RVIC^E^

NAT^IONA^L- WEAT^H^ER ^RECO^R^D^S CE^NTE^R

*^Х^""^4 *-^*. ̂ г *^f *^Ì^-^S *^>^~ ̂ t *^l^*^'-^~f^~^'^Y *^T^ï^^ *.'.!.^'^".^'•^> *^ì^j^^T^f^-'l

*•^g^„.„

^'/^7 *^7/
*^j,^"

^£ ̂ s^s
*•] *^A

^?
1; 9̂
^f^i
*|^! *,

11 *̂ ]

*^ï ̂ ?

*^1^'3

^i^; *^/

^u

^h
*^|^!

*^*^; ̂ g

*i: ^т
*^ï ̂ y
^r.

*ij o

i;
1 ;̂

^i; ̂ o

^[^i

*:^j

*^^;

*^S^r/^ir^/^u^/^J

^/^/^U^/^,^; *^£^:^'^,^<^?

0 *^ß ̂ 0 *Û
l ^? 3 ^i

1 1 1 1

2.2 2 2*.
i *-^^ ̂ »^O *^/*^У^х^и^^

*(•^• ̂ Ч ̂ о ̂ о^
^и ^0 0 ^и

^О ^n ^0 ^D

^1 ̂ 2 ̂ 3 *^<

*,^i ^L *.^^^^^/^t^i^e *^>.-.'..^'.'.:^>^/^:

*•^S^J

^o
^0^"
*^•^s^-

*^O

0 *Û
^5 ̂ G

*^' *'

^9^?

•

8 ^ "^0 ^0

*^?^c

^3 *^-^>

^ч
*^^,^J

^0 *û
^; ̂ s

1 *^'

*^?^?

*,

^;^
*^1^>^-

*^^

*^p^S
*^^

*^k
*^^
'̂ '̂ ч

*,^;
^Я^Р;
7 ^С

^Л

^—

^ч
^о

*^^.

1
*^Q С
3 ^lu

1 1

2 ^?

^о
*^^

1
*^р^~
*^^

3 8

С ^0

^3 1C

*^?^А

*>^-
*•^/^~^,
*\

0 0
II ^12

^i I

7 ^ ?

*^^_

^W

^1*^^

*8S

*^f^l^f^i
.^1 ^12

^t

^/0 ^у
^» *^»^.^*

*^V^3 i ̂ "^С^м *^J^- *^л

*•;^~ *^^ у
^О *Ojû^i^ûi^û *^Ü ̂ G 0
^13 ^К *Î S^-î r^. ^17 IS 1^0 2^:

^i ̂ 1
1 *ij^i ! ! 1 1 i^ii
^t *^1^\^1 ̂ 9^;? *'^") ̂ 2 ̂ 2

i

I
1
i

*j ̂ U *^ì
^C^O. *^b^:^! ̂ 1 i *^Q

*^^^X^K-^j^0 ̂ C:
^* *î,^4^3 ̂ (^e! *^o^<

*^o^^!^° ^*
*^'^<^:^< *^>^.
*{

3 * ^ S ^ J ^ S ^ i ^ S 8 8 3 8
^i i

9 *^8^-8^:^3^'S 9 ̂ 9 ̂ o
13 *1^4^Ì^1^5J1^G^ÌI7 1^C ^1^3 2^0^

^i i

*\ i

*^V^i^ar^i^w^.

*^7/,^-^?.-^у^Л^5.

*^J^-^A^z^zrJ *^//;^л^Х

'̂ 5 ̂ 1 '̂. 1̂^"^" *̂ : '̂̂ D *^^^S^p '̂̂ S^u^i X^! ^X
^.0 0 0 *^ü:0 ^0 ^0 0

2: ̂ 22 *:^з *:^<•?^?. *^?^б 2^7 *7^i^t
1 1 * ^ П ^ - ^ П 1 ^ 1

*^Ì

*ll^l^t^ll^l^l

*\
*\ *.

*^^^o ^i *^-^^

*^^ *^^
*̂ t̂ > i '̂ -̂ ч̂ :
^«^Л ̂ l *^Д^~
*Г-^< *(^^

^1 t
^X *^>

3 8 8 ̂ S^Ì ̂ 3 ̂ 8 ̂ 3 S

g *^û ̂ g *^gi *^q ̂ g *q ̂ о

2l 22 23 2^4^' 2^5 2^3 27 2^3

i

*^}.^},^M^£

*^s-^/^-^.^!:^.!^?^.Ly ^i *• *• i^;

*" *, ^5 *' 1 *. ^-^U
^A^- ^-^W *'^/^v/^'^X ^i *' *^;^:^*/ *.,^/ *.^/^-.^/. *^/^\ *^. *^. *^.

*Ouû^û^;OOû^ûj^G^ÛÛ^ÛûOO^OùO^O^O^QOOG^GQCÛ^uûÛ^G^G^ûeû^O^ûûGO^GÛ^ÛCCG^rJG^Û^ÛU *:^,
2^0 33 *^jl ^32^=33 3 '̂. 3^5 36^:^27 35 ^2^5 *^<^0 ^il *^<^? '^0 *^>4 *^<5 *^<^5 *^<^7 *^<^5 4^3 53 ^51 *^Ь2 53 ^54 55 5^5 57 *^5^C ̂ 5^5 ̂ 03 ̂ 6^1 ̂ £2 *^6^i ̂ 24 *C^5 ̂ 5^5 ̂ £7 *C^ô *^C3 7^3 71 7^2 7^3 74 7^5 7^3 7^7 7^6 *7^D *^Î^J *^!•

^1 ̂ 1 1 *^M^Ï 1 1 ̂ i *j^î *Ì ̂ 1 i 1 M *. 1 i 1 ! 1 1 1 1 *^î 1 ! 1 1 1 *ï ̂ 1 *^П i 1 *î ̂ I 1 ̂ I 1 1 ̂ 1 : *^П *î *î ̂ M *^ï ̂ i ̂ 1 *. *^^
*•^j *^•: *^}••

*222^9^b22^'^J^92222^922^9^92^9222^922^9222222222^9^'^'^/^>22^^'^>22^9222^"^''' *^'•^'

- *i^- ! *^' ^i*^{. *^( *••^;^
i 1 *^^
*^ï i *• *^П

*^4^i^> *^î *^v^b ^1 ^H

*^^ 11 i*^Q ^i *^Q !
*^<^Л^- i *^^^* ̂ t

*^f^<^C ̂ « *^P^<^i i *• *.
^l^'^I

^X ̂ : *^'^?^x !

^; i ^;^
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*^) ̂ C^»^™ ̂ f^a *^Ä^W *C^^^^-^'^A^v^à^'^/^A
.For Pro^gram *^J^ü.^t^ä.^r.^t.^x.^S^-^?^-.*.^*^?.^&^£^{^?. *^<..

By Pro^gr^ammer *.^Ж^г^#....С^и *.^-^?.^£^?..*^Ê^№^^^£^L^J^&^M^&^£^£^$. ̂ Checked ̂ By *^/^^^-^^^^..^^^^^^..^T.,.^^....

*' *• ^л ^» *. *^, *.

Modific^ation *^&^..^№^t^â^№^&^.^±^.^::^.^$^/^#^V^$.^.^/^â^!^r^y^ë. *^?г^£^е of

*^U^SCO^MM—ESSA—*^V^kSH^EV^lU^E



U.S. D^EP^A^RT^ME^NT ̂ OF
*:^\TAL *^SCI^C^N'C^I^t *^S^2^R^VÌC^E^S A^D^M^I^N^IST^RATIO^N^

E^NVI^RONM^ENT^AL ̂ D^A^TA^' ̂ S^E^R^V^IC^E^

*^\^'^AT:O^i^\'A^U W^EAT^H^ER ̂ R^ECO^R^D^S C^E^NT^E^R

*'̂ f^é/^м^ер у T^Ó^M^E ,̂̂ ?
^n
*^'^! *^"^;.^*^*'
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У/^О.
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^:
^0.

^S
*^^
*^x
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^O *^_
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^»^2
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^"ММ
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•3 8 ^G S

^3 S *^ü ̂ G
1 ^ 2 ^ 3 ^ s

^5 ̂ 6

t *^Î

^u ̂ i.
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^u 0

3 S
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^т *з

^t t
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*.
^k

*-^»
^•
*. *^,-^.

.̂ 3
^V

-̂ N )̂

^3 ̂ 3

3 ^ 37 ^6

*^^

*^^
^^^4
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Instructions for Marking Wind Recorder.Rolls

1. Co^mpare Levels 0 (3 meter) and 1 (10 meter)
2 (18 meter) and 3 *(l8 meter *L)
3 *(l8 meter *L) and ̂i (30 meter *L)
5̂ (60 meter *L) and 6 (90 meter*.L)
7 (120 meter *L) and 8 (1̂ 5̂ ° meter *L)

2. Mark Time *(OOOO)*, Day (1st, 2nd, etc.) and *towerside *(l, 2, or 3) at
beginning of each day.

3. Mark missing data period between rolls at the beginning of each roll.

*^h^. Mark *towerside changes as they occur during each day. *Towerside codes (mark
between *W/D and *W/S)*.

1. Left track (N̂ E sensor)
2.^' Right track *(SW sensor)
3. *Towerside change (during 10 minute period only)

^5. If timing is 3 (̂ ô r more) minutes off the printed chart ti^me, mark a "tick
mark" and the hour on the edge of roll for each hour it remains off. *;(Do
not cover actual timing mark.) *•; *.

6. If less than 2 minutes of the 10 minute reading period is affected by ̂la wind
code, use readings of 10 min. period if verified by another level.

7. Mark *W/D codes just left of 360̂ ° on chart.
Mark *W/S codes to right of zero on *W/S chart.
If no 10 minute reading on ̂ wind direction *(W/D) is to be taken draw a l̂ arge
circle arô und 3̂ 60 *°*.
If no 10 minute reading on wind speed *(W/S) is to be taken draw a large circle
around 3̂ 60° and zero of wind speed. (No. *W/D is read when *W/S is *omit^jted.
*W/S however may be read without *W/D.) *^' :

8. Where a cod^e is necessary for *W/S at a given hour check max. hourly high
if good by a check ̂mark at the hourly high. (Determine good hourly ma^x. by
comparing with another level.)

9. Zero Results

A. If last calibration and next crossover indicate the same *ЗбО.° s^weep and
zero is off scale, indicate zero reset by a small ̂ blue dash at the^; point
zero should ^be. Do this for all hours between calibration and *cro^o^s-
*over and continue until data indicates a change*.

*B. Zero (crossover only)

1. During crossover if zero is off indicate zero reset for that hour o^nly.
If ̂ zero is off, but 3̂ 60° sweep is available, indicate zero *res.et for̂ ; that
hour only.



- 2 -

С. *З^бО° (crossover only)

1. During crossover at 3̂ 60°
 *̂ а̂ п
^̂ - *З̂ бО° is off̂ , indicate zero reset for

t̂ hat hour onl̂ y. ;

2. If 360° is off̂ , ̂ but a 360̂ ° *̂ ŝ vê ê &̂ ±s availâ blê , indiĉ ate zero reset
for that hour ô nly. *̂ \ *.



Codes for ̂ Wind Data

Code Meanin̂ g

Occur during
10 min. *- ̂50 min. per.

^.^Read

^! *.:. Hou^r
W/D W/S W/D: *W/S M^ax.

10 Min.

*^,

*^-V *..^/*r^L

0

ч
*^. 1

2.

*з.

^4.

^5.

6.

7.

8.

9.

Calibration (more than 2 min.) (W/D only)
*(W/S only)
*(W/D ̂& *W/S)

Recorder malfunction (more than 2 min.) (W/D only)
Pen not inking, paper j^ammed. *(W/S only)
Chart drive stops, chart drive *. *(W/D ^& *W/S)
Gaining or losing time, etc.

Power failure (2 minutes of 10 or 10 of 60 min.)

Instrument (sensor) ^malfunction *(W/D only)
(more tha^n 2 min.)

Trace dropping to zero, intermittent *(W/S only)
sensor, sticky cups (trace near 2 or 3 *(^W/D ̂& *W/S)
*mps drops to zero.)

Maintenance (more than 2 min.) (W/D only)
repairs, adjustments, and ink refills *(W/S only)

*(W/D ̂& *W/S)

Towers *ide Jump
Obvious jump in trace when *towerside changes *.*
(Record correction during quality control) *.

Gap between rolls .(2 minutes of 10 or 10 of 60 min̂ )

Doubtful Data *(W/D only)

Uncertain about ̂zero, 'spikes questionable *(W/S only)
Crossover not operating properly, etc. *(W/D^-^W/S)

Data Skip *(W/D only)

Short skip ̂"during hour with no *(W/S only)
apparent time lost' *(W/D-W/S)

Miscellaneous
Req^uires written explanation on log sheet

No
No
No

No

No

No
No

No
No
No

No

No
No
No

No

No

No
No

No

No
No

No
No

Read as recorded
All data

No

No
No

No

Readings may *' i

^be corrected,
discarded^, ̂ -or
read as recorded.

^-

Ver.

Ver.
Ver.

Ver.

Ver.

Ver.
Ver.

Ver.
Ver.
Ver.

Ver.

Ver.

Ver.
Ver.

Ver.

Ver.



Job *^# *Об913

*. Cape Kenned^y (12868)

*. Co^des for ̂ Winds

^May Â ffeĉ t Part or All of the Hour

CODE

0

1

2

3

^I^t

^5

6

^7

ME^A^NI^NG

CALIBRATION

RECORDER M^ALFUNCTION

POWER FAILURE

INSTRUMEN^T M^ALFUNCTIO^N (SÊ NSOR)

• ^MAI^NTE^NA^NCE

TOWER SIDE SWITCH

GAP BETWEEN ̂ ROI^L CHA^NGES

^DOUBTFUL П^АТА

8 DATA MISSING

9 MISCEL^L^A^NEOUS

AD^DITIO^NAL I^N^FORMATION

.Pen not inki^n^g^, chart paper ̂ ja^m^med*^,*^
chart drive stoppages*^, etc.

Trace droppin^g to ̂ zero^,^
i^nte^rmittent sensor.

Causin^g an OB^VIO^US JUMP in tr^ace
(May or ̂m^ay not require correction)

Unce^rtain a^bout ̂ze^ro^, spikes
*vhich may or may not *Ъе good^,^
CROSSOVER not operating properly^,^
etc*. ;̂

Usually a ̂ short skip during h^our
•̂ with no apparent tî m̂ e lost*.

Re^quires an e^x^planation on
LOG SHEET*.



*Jo^b *^#' *Об913 *•^'^

*.Ca^pe *Ke^nnedy *(128^68)

*Instruc^tions *for *^Wind *Cards *and *Listin^gs

*I. *(A) *^' *S-2 *and/or *LA^R^K *V *cards *(BY *COMPLETE *MO^NTHS) *go *to *Han^k *Stauffer *'*
*for *conversion *and *1st *listin^g. *(ON^E *COPY) *T^his *listing *is *BY *^\*^
*LEVEL *and *^will *s^ho^w *ER^ROR *SYMBOLS.

*^NO^TE; *. *Remind *Han^k *to *m^ake *DUPLICATE *and *SE^QU^ENCE *check.

*(
B
) *Q. *^C. *^for *1st *LISTIN^G

*'(l) *^-Check *all *ERRO^R *SYMBOLS *(See *sheet *^with *ex^planations *of. *s^y^mbols).
*(^2) *Check *tir^oes *on *D^AILIES *against *listing *(Check *rolls *if *necessa^r^y) *,
*(3) *Punch *corrections. *'••'•• *'*

*File *corrections.

*NOTE; *ORDER *O^F *CARDS *FOR *1st *LIS^TING:

*-Col^s. *11^-12 *13-1
^1
^*^- *1^5

*YR. *^MO. *DAY *HR. *LEVEL

*01 *00 *1*
*01 *01 *1*
*01 *02 *1 *etc.

*II. *(A) *A^FTER *CORRECTIO^NS *ARE *COMPLE^TED^, *cards *^"(BY *CO^MPLETE *MONTH) *go *^;to

*R^ay *Clark *fo^r *2nd *Listing *(BY *HOU^R) *. *; *^:

*(1) *Cards *^vili *^be *sorted *in *the *follo^wing *order: *•

*Cols. *11-12 *13^-1^^ *1^5^

*^V^" *YR. *MO. *DAY *. *HR. *LEVEL

*01 *00 *1*
*01 *00 *2*
*01 *00 *3 *etc.

*(2) *MAK^E *(3) *copies *of *listing. *^. *.*

*(a) *Start *new *pa^ge *for *e^ach *month.

*^(3) *BOOK *- *by *month.

*Q^. *C. *for *2nd *LI^STI^NG:
*/. *^С *^и *^c^a^t *^c^s^)/^?^£^> *^C^c^u.<^-^-r *.

*^2 *^&^) *Check *TO^V/ER *SIDE. *(Should *be *the *same *for *all *levels *for *^;
*the *same *hour)^- *. *' *• *^, *.

*3 *(.2^-) *' *Check *•- *JU^MP^- *SHEE^TS *^-for *^-trou^ble-spots^-. *C^/!^^^' *^Я^^^Н^-^'^С^^
*(^3) *^Ghe^ck— *Lo^g-Sheet *s^- *f *rcm^-statio^n *^-and *Missin^g- *a^n^d-Erroneous^— *^B^a^-^t^a^

*^Log^-Shee^ts-.^-f *or^- *infor^ij^uation^-concerni^ng *^-^doubtf^ul-data-^,
 *:
 *^•

 *^:

*^^ *(/^i^ll *S^S^' *'^J^<^- *^t^i *^'^^



^.5^" *(^J^f)^" Check ̂ME^A^N direc^t ion'.̂ and M^EA^N speed level to level. *^Я;^/^? *^C^w^P^i^C-^r^
*^(^e *^(^$^} If necessa^ry^, check rolls *^.'^j^f^^^h *^Z^k^^r^/^v^*- *^(^£^&•^; ̂о^м^]. *^(^^^с.^а-^ц^^^О^а^и.^Ъ'
^7 *(^&^) ̂DOCU^ME^NT any ad^justments ̂ ve ma^ke to the data.
*^j^j *(^ï^f^i Punch corrections *.
*^f^l (̂ -̂8) If too many corrections to hand file - have Ray ̂ make a

listin̂ g of the corrections and merge them ̂by machine^.

^NO^TE: If too many corrections to correct the'other (2) copies^, send
• *^. *" cô m̂ plete month to Ray Clark for (3) copies of 2nd listî ng to

î nclude correctio^ns*. *' *'

1st COP̂ Y ̂ - NASA
2nd COPY - *NWRC

IIÎ . (A) BY CO^MPLETE MONTHS TAKE TRAY OF WIND CAR̂ DS - file in ̂ back of
'•̂ WINDS ̂ - DELTA *"T" *^, TEMP and PRESSURE^, *^f^t^f^i^d ̂i ̂A^t*, *̂ G ̂n^' ̂v *^Ä-^W *^Ъ^,,^*^* ̂'^О^.

: *^/ These cards now go to ̂ Dick Davis to be taped.

(В)̂ ' BY *MONTH(S) BOOK ̂ WINDS THEN DELTA *"T"^, TEMPERATURE and PRESSURE. *^•

*(C) SEND NASA:

(1) THE TAPE.

(2) COPY Ô F TAPE DUMP.
(3) CORRECTED LISTING OF ̂WINDS^, DELTA *"T"^, TEMPERATU^R^E :

and PRESSURE.̂ '

MISSI^NG and ERRO^NEOUS DATA LOGS^.

(ORIGÎ NÂ LS - ̂m^i^s XEROX COPY FOR OUR FILES) *.*
SHEETS ̂ WITH ADJUSTME^NTS *^Tr^jE MADE.
(SEND XEROX COPY - ̂ WE KEEP ORI^GI^NAL) *.*

(6) COPY OF THE LETTER OF *TRANSMITTAL.

^NOT^E: WE HOLD THE ROLLS UN^TIL NASA RU^NS TH^E TAPE A^ND GIVES O.K. ^-
then ̂ ve box rolls. M^ake a list of rolls in each bo^x. XERO^X (̂ ?)

copies of the list. One goes in each box, ̂ ve ̂ keep one and one*^\*^
goes *vith the lette^r of *transmittal.



*Jo^b *^I *06913

*Cape *Ken^nedy *(12868)

*^Winds

*ER^ROR *SYMBOLS *SHO^WN *I^N *1st *LISTI^NG *(BY *LEVEL^)

*^* *^DI^R^EC^TION *ER^ROR *(WITHI^N *HOUR) *.

*^; *(i) *MI^N *equal *to *or *greater *than *MEAN.
*(2) *MEAN *equal *to *or *greater *than *^MAX.
*(3) *Ma^y *^be *due *to *CROSSOV^ER.

*? *SPEED *ERROR *(WITHI^N *HOUR) *.

*(1) *Usually *HOURLY *one-tenth *less *than *TEN *MINUTE *MAX
*^(2) *MIN *equal *to *or *greater *than *MEAN.
*(3) *MEAN *equal *to *or *g^reater *than *^MAX.

*< *^WO *HOURLY *MAX *SPEEDS *equal *^DAILY *MAX *SPEED.

*^" *(Check *t^yper *sheets *for *ma^x^imum *nu^mber *o^f *counts *^- *drop *the *one
*^vith *least *number *of *counts *by *one-tenth.)

*^# *^(1) *NO *HOU^RLY *MAX *SPEED *^= *DAILY.
*^(2) *^DAILY *picked *with *one *or *^more *HOU^RLIES *missing.
*^(3) *O^NE *or *more *HOU^RLIES *greater *than *DAILY.
*• *(Usually *00 *HR. *higher *due *to' *MAX *occurrin^g *bef^ore *midnight *-*

*CHECK *0000 *^- *00^30 *for *M^AX *on *follo^win^g *day.)

*^?^Ш *IMPOSSIBLE *SP^EED *(USUALLY *machine *reset *at *- *9999 *or *operator *did *not^;^
*zero *out) *. *• *' *•

*^* *С *IMPOSSIBLE *DI^RECTION *(MI^NUS *^value *less *than *999 *^- *operator *did *not *.
*zero *out *or *machine *reset *at *- *9999) *^• *•

*NOTE: *CHECK *Т^В-^ES, *on *DAILIES *against *listing.

*THESE *ERROR *SYMBOLS *may *or *may *not *denote *an *error *but *sho^uld *be *checked.
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*D5^-15566

SECTIO^N 2

S^U^MMA^RY OF^*LITERATURE ON PREVIOUS HIND TOWER INFLUENCE STUDIES

2.0 USE OF PR^EVIOUS INFLU^ENCE STUDIES

A number of wind tower inf^luence studies were reviewed before initiating
an experi^mental approach to determine t^he infl^uence of NASA's 150-meter
meteorological tower on wind measurements^. Because none of these studies
presented a set of correction factors that could be applied to this
particular tower, the experiment presented in Section 3 was performed.
However, two aspects of the reviewed literature were considered important
for this stud^y and are presented in this section: (1) t^he design of the
experiments and the previous investigators' experiences that pertained
to this work (Paragraph 2.1) and (̂ 2) the results and their associated
relevance to NASA's 150-meter meteorological tower (Paragraph 2.2).

2.1 EXPERI^MENT DESIGNS USED TO DETERMINE TOWER INFLUENCE

2.1.1 T^ypes of Experiments

Two types of exper^iments that can be used to deter^mine the influence that *'^<^
a meteoro^logical tower's structure has on wind sensor measurements are:
(1) the controlled experiment performed in the laboratory and (2) the
environmental experiment performed in the field. In the controlled
experiment^, wind tunnels or 'towing1 water tanks are used that permit
the control of fluid flow speed, and also allow the scale model of the
tower to be held at any desired orientation to the flow. In the environ-
mental experiment, the fu^ll^-sca^le wind tower is used in the natural
environment where no attempt to control the environmental elements is
made. For both types of experiments, the number of sensors may vary. *,*
Usually, one sensor is located in the vicinity of the tower and designated
as recording the ̂ undisturbed reference flow. This reference sensor
measures the free-stream speed in the wind tunnel or, in the case of the
environmental exper^iment, the free-stream velocity of the ambient wind at
some uninfluenced location away frô m the tower. The readings of the othe^r^
sensors^, located in are^as w^here the flow is influenced by the tow^er, are
compared to the readings of the reference sensors. The comparison is
accomplished by algebraica^lly dividing the measured mean wind speed by
the reference mean wind speed thereby expressing the ^measured speed as a.
percentage of the reference speed. The comparison of wind direction is
accompl^ished by algebraically subtracting the measured mean wind direction
frô m the reference ̂ mean w^ind direction thereby giving a direct^ion deviation
angle.

2.1.2 Turbulent Versus Laminar Flow

The sensors located about either the scale model or the real tower
deter^mine w^hether the nature of the flow that is sensed is laminar or
turbulent. A method to deter^mine the transition between the regions of
^laminar and t^urbu^lent flow was used by Gill, et al., ̂ (Reference 2) on a
scale ̂ model of the *W^JB^K-TV tower (Detroit, Michigan) in ̂low^-speed wind
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2.^1.2 (Continued)

tunnel tests. Thirty-one metal flags were evenly spaced along a bar, and
the bar was positioned upstream and downstrea^m of the model. The flags
were photographed from above, using a five-second exposure. Flags with
large directional deviations over the five-second increment were used to
indicate regions of turbulent flow^; flags with no deviation were used to
indicate regions of laminar flow. The theoretical study contained in
Appendix A, Paragraph 2.0, uti^lized the results of this test and the
technique is illustrated in ̂ Figures *A-l and *A-2.

2.1.3 Speed Profi^le Across Wake

A low-speed wind t^unnel test of a scale model of NASA's 150-meter tower̂ ,̂
Meyer, et al^., (Reference 3), determined the profile of the mean wind
speed across the turbulent wake by arranging wind speed sensors in "rake"
fashion and comparing their measurements to the reference speed. *Hsi and
*Cermak (Reference 4) determined the same profile across the wake of a
scale model of t^he White Sands Missile Range 500-foot (150-meter)
meteorological tower by repositioning one speed sensor at predeter^mined
points across the wake of the model. The results of the above two
references are discussed in Paragraph 2.2.1.

2.1.4 Tower End Effects

A laboratory test to determine tower end effects was performed by *Sanuki
and *Tsuda (Reference 5) in a *"towing-water tank." The test was used to
demonstrate the large vertical flow compone^nt existing at the top of a
solid cylindrical stack or si^lo^-type struct^ure^; hence the *unsuitability
of mounting an anemometer atop a structure of this sort was deter^mined.
*Sanuki and *Ts^uda suggeste^d remedying this large vertical flow component
by installing the anemometer below a flat roof (for a more complete
explanation^, see Reference 5). This is the only report found that dealt
with end effects and since this report examined the end effects atop a
solid cylindrical structure, the application of these results to a
triangular, lattice-type tower were ^limited. This particular exp^eriment
design cou^ld however be an effective method of examining the end effects of ^i^
a triangular, latti ce-type structure.

2.1.5 Influence at Boom-Tip Position

Investigation of the tower influence at the boom-tip posit^ion was
accomplished in the wind tunnel by *Vellozzi (Reference 6)^, Gill,
et al., (Reference 2), and by *Hsi and *Cermak (Reference 4)^, by
stationing a speed sensor at the anemometer's boom-tip pos^ition and
comparing its measurements to the free-stream flow of .the tunnel. It
was convenient to perfor^m this experiment in a wind tunne^l because the
^scale-model tower could be rotated to predetermined orientations to the
tunne^l^'s free-stream flow with the reference sensor always located
upstream of the model. An environmental experiment, patterned after
wind tunnel experiments, was performed by Moses and *Daubek (Reference 7)
on the meteorological tower (a converted fire-lookout tower) of the
*Argonne National Laboratory. Five thousand (5000) hourly wind observations
were reduced with data taken from all wind directions. Unfortunately, the
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2.1.5 (Contin^ued)

reference sensor, being permanentl^y positioned away from the *Argonne tower^,^
was sometimes downstream of the tower. *Dabberdt (Reference 8) performed
a similar environmental experiment to determine the infl^uence of the
128-meter Ace Tower of the *Brookhaven National Laboratory. Three
reference sensors were located 5.94 meters from the tower on three
temporary booms that extended from the corners of the equilateral
triangular tower which measured 5.5 meters on a side. Sensors were
*a^J^_sj^D^_ located on each of the three booms 2.74 me^ters from the tower in
the^'standard data acquisition position. Data selection was made to use
the upstream sensor as the reference sensor.

2.1.6 Description of Influence Field

An environmental experiment was used by *Thornthwaite, et al.^, (Reference 9)
to study the characteristic disturbance of the natural airflow caused by
the Argus Island tower (a Texas tower) in order to find a suitable
position for installing *outrigged *micrometeorological instruments. A
permanent reference sensor was located approximately 18 ̂ meters above the
tower. Six anemometers, on mobile rigging that could be installed
rapidly at various predetermined po^ints, were *repositioned ̂ about the
tower. The measurements of the mobile sensors were div^ided by the
reference measurement to provide a ratio of wind speed about the tower
to reference speed. Analysis of the ratios with respect to their positions
about the tower gave a description of the tower influence field. This
experimental technique is especially applicable for the study of a tower
that experiences prevailing winds with a pronounced wind direction
frequency. NASA's 150^-meter meteorological tower does not experience
the necessary prevailing wind direction to permit an experiment of this
design.

2.2 APPLICABILITY OF REVIEW^ED LITERATURE TO NASA's 150-^METER
METEOROLOGICAL TOWER

The design, structure, and hardware of individual meteorological towers
vary considerably. This difference in str^ucture and hardware necessitates^;^
individual influence studies for the individual towers. There is, however,
some applicability of results of one tower study to another tower where
design and terrain similarities exist.

2.2.1 Composite Influence

It is important to note that the composite influence is due to all of the
structure and hardware on the tower. The composite influences that are
presented in previous studies are summarized in Table 2-1 as the average
increase of wind speed abreast of the tower (i.e., 120-150° from the
direction of the wind) and the average decrease of wind speed in the wake
of the tower.

The first five studies ̂ in Table 2-1 are the most applicable to ̂NASA's
150-meter meteorological tower since triangular lattice-type structures
were tested. The remaining two studies involve other types of structures
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TABLE 2-1. SU^MMARY OF TOWER I^NFLUENCE STUDIES

*^ro
-̂ p̂ .

NUMBER

1

2

3

4

5

6

7

STUDY
(BY AUTHOR)

Gill^, *Olsson
and Suda
(Reference 2)

Meyer, Reese,
and Zi 1er
(Reference 3)

*Hs^i and *Cer^mak
(Reference 4)

*Vellozzi
(Reference 6)

*Dabberdt
(Reference 8)

Moses and *Daubek
(Reference 7)

*Borovenko« e^t.
al., (Reference 10)

TYPE OF
STRUCTURE

Triangle,
Lattice

Triangle,
Lattice

Triangle,
Lattice

Triangle,
^lattice

Triang^le,
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Square,
Lattice

*Cv^l i n de r^.
Solid

TYPE OF
TEST

Wind T^unnel

Wind Tunne^l

Win^d Tunnel

Wind Tunnel

Environment
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3 - 1 0

6
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^o^^01

*С^Л
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*o^»^
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^* ̂120 - 150^° fro^m wind direction; yet outside of wake.



^05-^15566

2.2.^1 (Cont^inued)

(a f^ire tower and a solid cyli^ndric^a^l tower) ̂ and are presented for
comp^leteness. Fro^m the first five st^ud^ies^, the increases of wind speed
abreast of the tower varied from 1 to 2 percent above the free-stream
wind speed in one study to 19 percent in another. The decreases of :
w^ind speed in the wa^ke varied from 20 to 40 percent below the free-str^ea^m^
wind speed. ^Moses and *Daubek (Reference 7 and study number 6 on Table 2-1)
studied the var^iat^ion of the ̂ inf^luence field in the wake with changes of
wind speed ̂ and fô und an inver^se re^lations^hip between the percentage decrease
in the tower wake with a change in the w^ind speed (from ̂ 45 to 26 average
percentage decrease with an increase of speed fro^m 0-4 *mph to ̂10-14 *^mph).

^Wherein possible the results presented in Table 2-1 are for boo^m lengths
of 1 1/2 D (where D is the characteristic diameter or length of the side
of the tower). *Vellozzi (Reference 6) deter^mined that at high wind speeds
(29-69 *mph or 13.7 to 32.9 meters per second) boo^m ̂ length has little bearing
^upon influence^; whereas, Gill, et al., (Reference 2) determined that fô r̂
lower wind speeds (8-9 *mph) the b^oo^m should be no less ̂t^han ID. The Gill
report suggested mo^unting the sen^sors on oppos^ing sides of t^he tower to ;
insure a sensor on the least^-influenced^, upwind side of the tower. The^y^
also suggested the configuration shown in Figure 2-1 as opposed to Figur^e^
2-2. In addition, ̂Gi^ll recommended mounting the sensors at levels of
minimum tower density (i.e., above or below hori^zontal cross members^).
NASA's 150-meter meteorological tower has dual booms oriented on
opposing sides of the tower.

The first four studies listed in Table 2-1 are wind tunnel studies using^:^
modeled sections of ex^isting towers. In correlatin^g wind tunnel results i
to the prototype tower, *Hsi and *Cermak (Reference 4^) verified by co^mparing;
perturbed to unperturbed flow in a wind tunnel that the higher turbulence
level found in thê . environment "does not have a significant effect on the *'•
wind velocity defect (influence) ̂ in the wind tunnel." In a later paper^,^
*Cermak and Horn ^(Reference 11) ampl^ifie^d this result by noting that ̂ "...
^the Reynold's number differs by less than one order of ̂ magnitude for *the:
model and prototype tower *" Meyer^, et al., (Reference 3) showed a
Reynolds nu^mber range for their scaled model that departed by no more
than an order of magnitude from the Reynold's number range for the full
scale model; however, they suggest the use of a full-^scale wind tunnel *.*
test to ̂ Verify the^ir results in the wake region, due to extreme shadow
effects^.

Of the reports tabulated in Table 2-1^, only *Vello^zzi (Reference 6)
attempted to determine the deviation of the wind direction measure^ment *,*
with respect to wind d^irection. *Vello^z^zi measured deviations ("reference"
minus "influenced" direct^ion sensor) of ̂ -1 to -7 degrees.

2.2.2 Co^mponent Influence

It is difficult to deter^m^ine the e x̂act ^influence of each of the co^mponents
on the tower (i.e.^, catwalks, cond^uits^, guy ̂ wires, and booms). Meyer,
et al., (Reference 3) attempted to deter^mine these tower co^mponent's

2-5



*D5-15566

Х̂ - *̂ -̂ j—

ADDITIONAL
BOOM FOR
DUAL BOO^M^
ARRANGEME^NT
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FIGURE 2-1. BOOM ARRANGEMENT RECOM^MENDED BY GILL, ET AL., ^(REFERENCE^Z)

^i *^^^_ SENSOR
LOCATION

FIGURE 2-2. BOOM ARRANGEMENT TESTED BY GILL, ET AL.^, (REFERENCE 2 *}

2-6



^05-15566

2^.2.^2 (Continued)

influence in altering speeds in the ̂ wake of the tower^, thereby, deter^mining
their approxi^mate percentage of the total co^mposite to^wer influence. The:
catwalk increased the size of the wake as seen by a "tuft grid" placed
downstream of the tower; and, generally decreased the speeds in the wake
directly downstream by an amount comparable to the size of the major
structural members. They also determined that:

1. "... the presence of the two major conduits on the boom side of the
tower has significant eff^ect on the velocity distribution^, [downstream]."

2. "Cable [guy wire] effects are evident in most cases [in the speeds
of the wake] but considerably less, and perhaps insignificant at
the higher velocity conditions."

3. "The effects of cable [guy wire] attachment [i.e., level and angle
of attachment to the tower] is not particularly significant at
least for those cases tested."

*Ve^llozzi (Reference 6), using the same tower model tested by Meyer
(Reference 3), performed high speed wind tunnel tests (29 to 69 *mph) and
found decreased influence in the wake of the to^wer with catwalk as compared
to the tower without catwalk (an average decrease of 13 percent across the
wake for tower with catwalk versus 18 percent for tower alone). No *expla^-^i^-^
nation is offered for this seeming^ly unusual result. Tests to determine
the effect of the booms on the flow were perfo^rmed by *Borovenko, et al.,
(Reference 10) and by *Dmitriyev (Reference 12). About a ̂ 16 percent *.*
increase in speed would be recorded if the anemo^meter ̂ were placed directly*';
over the boom at a distance of 1.25 boo^m diameters. Therefore, from ^: :
*Borovenko's results', it was felt that the sensors should be on cross arms
at a distance greater than 2 boom diameters from the *centerline of the
boom. In addition, a paper by *Sanuki*, et al., (Reference 13) reported
that about a two percent increase in wind speed would be experienced by
^an anemometer when installed at 3.5 boom diameters from the *centerline-.
of the boom.

*Borovenko, et al., (Reference 10) a^nd *Tho^rnth^waite, et al., (Reference 9)
have found local stagnation areas i^mmedia^t^e^ly wind^ward of large solid
obstructions on the to^wer suc^h ^as e^levato^r pulley ho^usings, electrical
junction boxes, etc. This stag^nation ar^e^a is not large ̂w^ith respect to
the solid obstacle^; however^, it ̂ wo^uld be *^u^nwis^a to place a sensor *.*
i^mmediately windward of such ̂ a soli^d ob^s^t^ac^le.

2 .2 .3 Literature Summary

In condensing the findings ̂ a^nd co^ncl^u^s i^o^ns of pre^vio^u^s st^u^di^es ^fo^r their^;^
relevance to this study, it h^as b^e^en *fo^i^'^H ̂ th^a^t:

1. An environm^ental study *tn *d^^^t^cr^r^.iin^? ̂ t^i^n ̂ influ^enc^e of *^l!/\^S,Vs 1^50^-meter
meteorological *tov:^sr shou^ld ̂ t^o *c^f.^r^ri^-^H o^ut. to ̂ v^e^rify *t^h^i ̂ r^e^sults of
the two wind tunnel stu^d^ies tha^i *^u^s^c^r^î ̂ th^e^- scale *^r;^i^o^c^iel o^f ^N^AS^A's
to^wer, ̂ Meyer et al., (Reference 3), *^-^n^J *V^al^lo^zzi (^Ref^e^r^ence 6 ) , 'b^y
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2.2.3 -̂(Contin̂ ued)

comparing these res^ults to the full^y r^igged tower.

^2^. An environ^mental study should be carried out to determine if the
increased turbulence level of the ambient environ^ment differs frô m̂
the wind tunnel results.

3. The measuring wind sensors should be located at least 1 1/2 D
*(D^-tower ̂-width) from the tower and^, preferably^, oriented s^uch
that the sensor is always on the windward side of the tower,
and in the plane of the tower face. One ̂ method of achieving
this is to have a dual boom/dual sensor arrangement at every
level and a wind direction selecting device to continuously
decide which sensor to monitor. Further, it is preferable
that the sensor not be mounted immediately upwind of a solid
obstruction on the tower nor at a level of maximum tower
density, where hori^zontal cross members exist.

4. For environmental influence studies, the reference sensor
should be "well away fro^m the tower" (greater than *6D) yet
not so far that it does not sense the same mean wind. It is
also preferable to have the reference sensor upwind of the
tower. The reference sensor should, of course, be located
at the same level as the measuring sensor, or compensation
made for a change in height.

5. The sensors should be mounted on cross ar^ms and positioned
with respect to the boom at a distance greater than 3.5 boom
diameters away from the boom.

6. Sensor placement with respect to guy wire location is in-
significant. Conduits can pose a notable disturbance in
the wake region. Catwalks can also pose considerable
influence in the si^ze of the wake.
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SECTIO^N 3

EXPERIMENTAL APPROACH TO THE STUDY OF ̂ WIND TOWER INFLUENCE

3.0 BAC^KGROUND

The controlled^, ̂w^ind tunnel experiments that were perfo^rmed on a scale
model of NASA's 150-meter meteorological to^wer by Meyer, et al., (Refer^-^
ê nce 3) and *Vellozzi (Reference 6) tested a very "clean" model of a *^]*^
section of the tower. Witho^ut the full outf^itting of hardware that exists
on the actual tower, these tests have no more relevance to NASA's tower
than does the sca^le model tested by Gill^, et al., (Reference 2) that more
c^losely approximates the porosity of but differs i^h des^ign frô m NASA's
150-meter prototype tower. In add^it^ion, atmospheric turb^ulence cons^idera-
tions have generated concern over the representativeness of results from
wind tunnel model experiments to a full-scale tower. The above two
aspects of wind tunnel experiments.and their applicability to ̂NASA's
150-meter tower led to the initiation of this environmental experiment.
This experiment was designed primarily to determine whether or not NASA^'s
150-meter tower significantly inf^luences the wind measurements obta^ined
from the sensors mounted upon it, and if so, to deter^mine the means to
uniquely correct the measured wind speeds and directions to approxim^ate
the free-stream wind. These two determinations were performed by com-
puting correction factors in standard wind tunnel fashion.

The physical considerations at the facil^ity, sensor locations, and data
reduction procedures were ̂ elements incorporated Into the design of this
experiment and are discussed in Paragraph 3.1. The data acquired for
the experiment are discussed in Paragraph 3.2 and the experimental re-
sults are discussed in Paragrap^h 3.3. In add^ition, an attempt ̂was ̂m^ade
to determine the influence that the tower has on turbulence ^measure^ments
and is reported on in Paragraph 3.4.

3.1 EXPERIMENT DESIGN

The design of this experiment deve^loped from: (1) ̂ physical considerations
^at the facility as presented in Paragraph 3.^1.1, (2) the establishment of
reference sensors as di^scussed in Paragraph 3.1.2, and (3) the methods *'^;^
used to reduce the data as discussed in Paragraph 3.1.3.

3.1.1 Physical Considerations of NASA's 150-Meter Meteorological Tô reri
Facility

Numerous elements were taken into considerat^ion in the design of this
experiment i^nclud^ing an atte^mpt to incorporate wind t^un^nel techniques
wherever possible. The physical considerations of NASA^'s 150-meter
meteorological tower facility itself were ma^jor factors in the experiment
design. The following facility features were assets to the study:

1. An *Ampex *FR-1200 magnetic tape system with thirteen channels for data
records and one channel for the time record per^mits the acquisition
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3.1.1 (Continued)

of analog data wh^ich can be dig^itized at 10 sa^mples per second^, if
necessary. This co^mputer oriented input permits the assimilation of
large amounts of data.

2. Sensors are located on the northeast and southwest sides of the tower,
and data can be recorded on magnetic tape from both sides simulta-
neously (Figure 1-2).

3. The open field location of the tower facility per^mits the temporary
positioning of an a^uxiliary sensor.

The following constraints were incorporated into the experiment design:

1. The recent establishment of this facility limited the quantity of
hourly winds available so that a study similar to the Moses and *Daubek
experiment, based on *climatologically su^mmarized data, (Reference 7)
could not be accomplished.

2. The experiment should not interfere with the normal data acquisition
program carried on at the facility.

3. A minimum of additional equipment was preferred in order to curtail
expense and to avoid time-consuming equipment constr^uction and instal-
lation.

4. The obvious lack of flexibility in tower orientation and flow speed
control of an environmental experiment versus one performed in the *wi^m^
tunnel required th^at an extended period of data acquisition be *allotte^«^
for suitable variations in wind speed and direction to occur.

The second limiting consideration above required that a rapid and accurate
method of converting the operations at the facility frô m one experimental
mode to another be utilized without interfering with normal data acquisi-
tion. The normal data acquisition is performed by recording the data on^!^
strip chart recorders. The channels of the analog tape recorder were wire^«^
in parallel with the strip chart recorders so that the tape recorder's
operation wou^ld not interrupt the norma^l data acquisition on the strip
charts. Computer-type patchboards were then employed to perform the *chang^«^
of experimental operating modes. Individual patchboards were program^med^; ^;^
for each desired experiment and the simple rep^lacement of the board on the;
*patchpanel was all that was required to alter the mode of operation at t^he:
facility.

3.1.2 Reference Sensors

In order to emulate wind tunnel experiments for the reference measurements
two sensor locations were established away from the tower. For one refer^-^
ence sensor location, the remote tower^, 18 meters northeast of the main
tower (see Figure 1-1), was used. Since the re^mote tower has a sensor at
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*3.1.2 *(Contin^ued)

*the *^18-meter *level *that *was *probabl^y *subject *to *so^me *Interference *fro^m *the
*str^ucture *of *the *re^mote *tower *Itself, *the *reference *sensor *was *located *on *a*
*pole *at *the *20-meter *level, *2 *meters *above *the *remote *to^wer^. *For *a *second;
*reference *sensor, *an *auxiliary *tower *w^ith *a *sensor *at *the *20-meter *^level
*was *located *18 *meters *southwest *of *the *m^ain *tower, *thereby *prov^iding *a*
*mirror *image *to *the *northeast *reference *sensor *(see *Figure *1-1). *This
*southwest *reference *sensor *was *also *pole-mounted *to *guard *against *undue
*structural *influence. *The *measured *mean *wind *d^irection *was *used *to *deter-
*mine *which *of *these *sensors *was *upwind *of *the *tower *and *was *to *be *used *as
*the *"reference *sensor."

*3.1.3 *Data *Reduction

*Influence *factors: *One *objective *of *this *study *was *to *establish, *if *neces-
*sary, *a *set *of *influence *factors *to *be *used *as *correction *factors *for *the
*wind *speed *and *direction *measure^ments *^.made *by *sensors *on *the *tower. *These
*influence *factors *were *computed *by *comparing *the *mean *speed *and *direction *:*
*measurements *from *the *18-meter *level *to *the *mean *speed *and *direction
*measurements *of *the *established *reference *sensors. *These *factors *were
*computed *for *speed *values *by:

*SM
*Infl^uence *Speed *Ratio *= *^^ *(3-1)

*^bR

*and *for *direction *values *by:

*Influence *Direction *Deviation *= *D^R *- *DM *(3-2)

*where *S *and *D *are *wind *speed *and *direction *and *the *subscripted *M *and *R*
*denote *the *measuring *and *referencing *sensors. *The *measuring *sensor *was"- *^.*^
*taken *to *be *the *normally *operating *sensor *located *on *the *main *tower. *From
*Figure *3-1 *the *reference *sensors *are *at *Stations *3 *and *6 *and *the *measuring
*sensors *are *at *Stations *4 *and *5. *Only *one *reference *sensor *was *used *at *an^>^
*one *time. *It *was *always *the *sensor *on *the *windward *side *^of *the *tower *and
*was *determined *by *inspecting *the *data *before *processing. *The *measuring
*sensors *at *Stations *4 *and *5 *were *always *compared *to *the *sa^me *reference
*sensor. *• *^:

*Comparative *Factors: *To *increase *the *volu^me *of *data *used *in *this *study, *it;
*was *convenient *to *assume *that *an *axis *of *symmetry *existed *^in *the *large-
*scale *influence *field *and *was *col *11 *near *with *the *structural *axis *of *symmetr^y^
*of *the *tower *(Figure *1-2). *To *verify *this *assumption *of *an *axis *of *symmetr^y^
*a *comparison *was *made *between *winds *measured *by *sensors *on *opposing *sides *o1
*the *tower. *The *comparison *was *made *specifically *between *windward *and *lee-
*ward *sensors *and *was *computed *for *speed *values *by:

*S^i *^(3-3^Ì
*Comparative *Speed *Ratios *^= *^c^=- *v *^'
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3.1.3 (Contin^ued)

and for direction values b^y:

Comparative Direction Deviations *= *DW - D, *(3^-4J

where S and D are speed and direction and the subscripted ̂ W and L denote
^windward or leeward sensor.

If the patterns of ratios and deviations co^mputed for winds blowing fro^m^
one side of the tower were reflections of the patterns for winds fro^m the
other side, then an axis of sy^mmetry existed. This permitted an overlay
of data from the southwestern half of the compass onto the northeastern
half which, of course, reflected an increase in the data volume. From̂ :̂
Figure 3-1, it can be seen that for winds blowing from the northeastern
half of the compass, the northeast sensor (at Station 2) was the windward
sensor and the southwest sensor (at Station 1) was the leeward sensor for
use in Equations 3-3 and 3-4. For winds blowing fro^m the southwest half
of the compass, the windward/leeward designation was reversed. This co^m-
parison was carried out at the 30-meter level where the data volum^e was
the greatest. ^!

Since it was impractical to establish a reference sensor at every recording
level on the tower, it was assu^med that the influence fields at all levels
are the same. This second assumption permits the use of the influence^;^
factors, which were derived at the 18-meter level, at all levels of the
tower. This assumption is, in essence, the same assumption made in *wij^id
tunnel experiments when a scale model of the tower is tested in the *te^£t
chamber. ; ;

The same comparative factors in Equations 3-3 and 3-4 were used to ver^ify
this second assumption. The comparative ratios and deviations computed
for any one level were compared to those at the other levels to determ^ine
*1f overall similarity existed. This can be determined in Figures 3-1 and
3-2 *1n that the comparative factors were computed using measurement^! at *^;*^
the 30-meter level (Figure 3-1, Stations 1 and 2)̂ , at the 18-meter level
(Fig^ure 3-1^, Stations 4 and 5)̂ , at the 90-meter level (Figure 3-2̂ , Sta;-;
*^tions 8 and 9), and 150-meter levels (Figure 3-2, Stations 10 and 11). *^:•
Similarity between the comparat^ive factors for the 30-meter level to the
other levels was used to verify that the structural and equipment diff^er-
ences existing at the levels have minimal Influence. Thus^, the structural
and equipment differences did not alter the total Influence sufficiently
to negate the use at all levels of the *18-meter-leve^!-derived Influence
ratios.

3.2 EXPERIMENTAL DATA

Data for the study were acquired from ̂ March 16, 1967 to June 12^, 1968
(15 mont^hs).

For purposes of labeling the data^, an array of wind speeds and d^irections
was used (see Table 3-1). Speeds were Incre^mented by ̂ two ̂ meters per second
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TABLE 3-1. DATA ARRAY FOR WIND TOWER INFLUENCE STUDY

Test Duration: 10 m^inutes (600 secon^ds)

W^ind D^irection
Ranges* (Degrees)

3 6 0 - 3 0

30 ^- 60

60 - 90

90 ^-120

120 ̂ -1^50

150 ^-180

18^0 ^-^210

210 ^-2^40

240 -270

^270 -300

300 -330

330 -360

Wind Speed *Ranqes* *(m/sec^)
^2-4

Test ^1^1

Test 21

Test 31

Test 41

Test 51

Test 61

Test 71

Test 81

Test 9^1

Test 101

Test 111

Test 121

4 - 6

Test 12

Te^st 22

Test 32

Test 42

Test 52

Test 62

Test 72

Test 82

Test 92

Te^st ^102

Test 11^2

Test 122

6 - 8

Test 13

Test 23

Test 33

Test 43

Test 53

Test 63

Test 73

Test 83

Test 93

Test' ^103

Test 113

Test 123

8 - 10

Test 14

Test 24

Test 34

Test 44

Test 54

Test 64

Test 74

Test 84

Test 94

Test 104

Test 114

Test 124

*>10

Test 15

Test 25

Test 35

Test 45

Test 55

Test 65

Test 75

Test 85

Test 95

Test 105

Test 115

Test 125

**Wind speed and direct^ion ranges are to be as dete^r^mined by the windward
sensors at the 30-meter leve^l of the 150-meter tower.
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3.2 (Continued)

and directions by thirty degrees. Test numbers were assigned to each
element of the array thereby referencing their position in the array.
This test number was subsequently assigned to the data sequence that was
recorded when the mean wind was blowing with that speed and from that
direction. The data sequences were called test cases and several test
cases co^uld have been taken for any element in the array.

The test cases were recorded for ten^-minute intervals using the analog
tape recorder. This analog *ta^j^ae was digitized at a one-second time incre-
ment into a data sequence that was 600 seconds long with one digital data
record for each second.

The study required the simultaneous monitoring of twenty stations; however,
the analog tape recorder has only thirteen data channels. For this reason,
two sets of tests (designated *"A-tests" and *"B-tests") were recorded for
the lower and upper sensors on the tower (see Figures 3-1 and 3-2) in
order to accommodate all twenty sensors. The 30-meter level sensors were
common to both sets. There was a data array like Tab^le 3-1 for both "A"
and *"B" tests.

There were 60 elements in each of the A and В data arrays. Fifty-three of
the elements *1n the A array and 48 of the elements in the В array ̂were ̂I^
filled during the fifteen month data acquisition period. Due to the redun-
dancy of test cases, a total of 167 A and В type tests were processed for
this study.

The normal climatologi cai wind data obtained at the f^acility is a ten-,
minute mean wind speed and direction obtained from five minutes before to
five minutes after the hour; for this reason, a ten-minute ̂ mean ̂ wind speed
and direction data collection period was used in this study. In this ^wa^y,
operational type data were used to compute correction factors. In some *^\*^
Instances, data were unrepresentative of the mean winds at the reference
and tower sensor locations and had to be deleted. These cases were deter-
mined by co^mpiling speed and direction frequency distributions for each
sensor *1n each test from the one-second data; and then deleting cases :
having unrepresentative mean winds, such as *wel1-separated*Ы^modal distri-
butions or highly skewed distributions.

3.3 EXPERIMENTAL RESULTS

The three aspects of the expérimenta^] results for which the experiment^; *'•
design was established are presented as follo^ws: (1) verification of the
bilateral sym^metry assumption (Paragraph 3.2.1)̂ , (2) verification of the
similar^ity of Influence at all levels assumption (Paragraph 3.2.2), and
(3) determination of Influence factors ̂(Par^agraph 3.2.3). These results^;^
are presented separately since the wind speed and wind direct^ion are
Independent measurements.
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3.3.1 Verif^icatio^n of B^ilateral Sy^m^metry Assumption

The 30-^meter level was used as the ^level to ver^ify the bilateral sy^m^metry
assu^mption because these sensors were monitored for both the A and В type
tes^ts thus yielding the most data.

Figure 3̂ -3 presents the comparative speed ratios (dots) for the 30-meter
level (Figure 3-1, Stations 1 and 2). The ratios of Figure 3-3 are plotted
versus the direction of the leeward se^nsor and a Cartesi^an coordinate grid
is used to ma^ke ̂ the comparison about the *135^-degree radial (structural axis
of symmetry) more convenient. Superimposed over the computed data points
of Figure 3-3 is an interpolated ̂ mean ratio line (solid ^line). This type :
data does not lend itself to the more standard types of statistical summar^i^-^
^sation because the independent variable of direction is not evenly *incre- ;
*mented. This is an advantage to wind tunnel researchers. The dashed ̂line ̂!^
superimposed on the computed data points is the mirror image, or transform,
of this mean ratio line (solid line), pro^jected across the structural axis
of symmetry (I.e.^, the northwest-southeast line). There is a 7 percent
departure of the mean ratio line to the transformed mean ratio line *1n the
wake region of 10 to 50 degrees ̂ and 220 to 260 degrees. There is less
than a 2 percent departure in the regions from 60 to 215 degrees and 280
to 360 degrees.

The comparative direction deviations (dots) are presented in Figure 3-4
with their mean deviation Une (solid line) and its mirror image l^ine
(dashed ^Une) for comparisons about the structural axis of sy^mmetry. The
m^irror image line 1s Inverted *1n order that a posit^ive deviation on one
side of the structural axis of sy^m^metry becomes a negative deviation for
the complementary direction on the other side. The largest departure
between the two deviation lines (4 degrees) occurs at ̂ 135 degrees where
the selection of "which side of the tower was to be the leeward side" had
to be made. Another region of ̂ interest 1s in the vicinity of 225 degrees
where the northeast sensor (Figure 3-1*, Station 2) was in the wake and
yielded erratic results differ^ing by.^more than 30 degrees.

With only a 7 percent departure 1 n the comparative ratios and a max^imum of
4 degrees departure in comparative deviations, it was assumed that the In-
fluence fields are bilaterally sy^mmetrical about the struct^ural axis of
symmetry of the tower and that the asy^mmetries *1n the placement of hard^ware;^,^
cables, condu^its, and elevator tracks do not sufficiently alter the flow so:
as to Induce asy^mmetries *1n the flow field.

3.3.2 V^erification of Similarity of Influence at all Levels

The mean ratio and ̂ mean deviation Une ̂ (solid Une) for the 30^-meter level
are reproduced on the Fig^ures 3̂ -5 (â , *b, *c) and 3-6 (а, *Ь^, с) which present
the co^mp^arative speed ratios ̂ and direction devi^ation (d̂ otŝ ), respectivel^y^,^
for the 18^, 90̂ , ̂ and 150̂ -meter levels.

As seen *1n Figu^re 3-5 (a, *b, *c), the mean ratio ^Une for the 30-̂ meter level
c^losely approxima^t^e^s the trend of the co^mparative ratio points computed for
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3.3.2 (Continued)

the other levels. The l^argest depart^ure outside the wake re^gion (-2 percent)
occurs 1 n the vicinity of 70 degrees at the 150-meter level (Figure 3-5 *[c]).
Within the wake region, there are variations .as large as 15 percent for
Individual data points.

The direction deviations, presented in Figure 3-6 (a, *b, *c), do not present
such a conclusive verification of similarity at all levels. The correspon-
dence of the computed deviations at the 18-meter level to the 30-meter
^level mean deviation line (Figure 3-6 *[a]j is good, except *1n the wake
region at 225 degrees where the dispersion is large. -The computed direc-
tion deviation points of the 90-meter level (Figure 3-6 *[b]) have a large
dispersion and do not allow conclusions to be drawn that have any signifi-
cant degree of confidence associated with them. For the 150-meter level
(Figure 3-5 *[c]), the direction deviation points fit the pattern of the
30-meter level mean deviation line; however, there is about 6 degrees
greater amplitude in the vicinity of 70 and 150 degrees. With a fuller
investigation of the end effects of the tower, this increased amplitude
may be explained.

Based on the good fit of the comparative speed ratios at all levels and the
fair fit of the comparative direction deviations at the 18 and 150-meter
levels, the assumption of similarity of influences at all levels 1s con-
sidered valid. The importance of this assumption to all tower Influence
studies, both wind tunnel and environmental, is that it permits the deter-
mination of correction factors at some level of the tower, or for sô me
scaled section of the tower, that can then be used for all other levels of
the tower.

3.3.3 Determination of Influence Factors

Influence speed ratios and influence direction deviations (dots) are pre-
se^nted for the southwest and northeast sensors at the 18-^meter level
(i.e., Stations 4 and 5, respectively^) in Figures 3-7 and 3-8 along with
their respective mean ratios and mean deviations (solid l^ines). In addi-
tion, in Figure 3-8, the mean ratio and mean deviation for Station 4
(dashed lines) is transposed a^nd *overplotted to *reverify the bilateral i
symmetry assumption. There 1s good fit for both the ratios and deviations.

Figures 3-9 and 3-10 present the composite Influence speed ratios and *1n.-
*fluence direction deviations for both northeast and southwest sensors at
the 18-meter level (Stations 4 and 5). The ratios and dev^iations for the
southwest sensor (Station 4) have been transposed such that Station 5 now
represents the sensor.i n the influenced position near the tower and will be ^:^
compared to the reference sensor. Also^, the figures are plotted on polar
grid paper to facilitate the co^mpar^ison of the influence patterns with the
orientation of the wind towe^r to the measured wind direction. The tower
(with only the northeast boom) is superimposed in the center of the figure
for this purpose. The wind directions *1n parentheses are those to be used
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FIGURE 3^-9. COMPOSITE INFLUENCE SPEED RATIOS FOR STATIONS 4 AND 5 (DOTS)^1^

WITH MEAN INFLUENCE SPEED RATIO (SOLID LINE^). ^(Data ac^qu îred^;^
at ̂ 150-meter meteorolog^ical tower facility at ̂ Kennedy Space ^i^
Center^, Florida, from ̂ Marc^h 16, 1967^, to June 12^. 1968.)
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3.3.3 (Continued)

if the so^uthwest sensor (Stat^ion 4) ̂ is the measuring sensor. The solid
lines in Figures 3-9 and 3-10 are the ̂ mean speed ratios and mean direction
deviations that are interpolated from the data points presented in both
Figures 3-7 and 3-8.

It can be seen in Figure 3-9 that considerable influence is experienced b̂ ŷ
the sensor when it is in the lee of the tower ̂ (i.e., when the wind is
blo^wing fro^m 240 degrees). The lowest speed ratio calculated is 0.73
(or a 27 percent decrease of the ambient wind speed) for wind direction of
238 degrees^; but the lowest interpolated mean ratio is 0.70 at 240 degrees.
For winds from the northeast^, the speed ratios are generally about 0.96.
For winds from the northwest and south-southwest, speed ratios of about ;
1.02 are measured. The data points plotted on Figure 3-9 provide the user *.*
with an estimate of the dispersion encountered in analy^zing the data. An
attempt to correlate speed ratios and direction deviations to wind speed
was unsuccessful. There was insufficient data in the wind speed intervals
to draw representative mean values.

It can be seen from Figure 3-10 that the maximum direct^ion deviation occ^urs
at 110 degrees. Dispersion of the data is large in the wake region (around
225 degrees) due to tower-induced turbulence.

Direction sensor calibration is difficult and when comparing sensors, a
small error in orienting each sensor can be additive. The dispersion in: i
Figure 3-10 appears considerable; however, the plotting scale and the na^ture
of the data are contributing factors to the data's scattered appearance.^; ^;^
By combining direction deviations over the wind speed intervals, valid mean
direction deviations were obtained.

To utili^ze the computed influence factors, mean wind speed and mean wind *,*
direction measurements from the northwest sensors on the tower are converted
to representative ambient mean wind speed and mean wind direction values in
the following manner:

1. Ambient Mean Wind Speed: Ta^ke the influence speed ratio from. Figure *3^=-9
at the measured wind direction and divide the measured wind speed by *;*
this ratio to obtain the representative ambient mean wind speed.

2. Ambient Mean Wind Direction: Take the influence d^irection deviation ;
from Figure 3-10 at the measured wind direction and algebraically add
this value to the measured mean wind direction to obtain the represen^ta-
tive ambient mean wind direction.

If measurements are obtained by one of the southwest sensors, then the
measured directions in parentheses on Figure 3-9 and 3-10 should be used.
It should be remembered that these influence factors are used as correction
factors but are derived from a "reference" sensor in an "undisturbed^" loca-
tion. These correction factors produce wind speed and direction values *•*
that are only as representative of the ambient wind as the ̂ measurements of
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3.3.3 (Cont^in^ued)

the "reference" sensor. Further, the use of these correction factors to
ad^just ^instantaneous speed and direction values is not va^lid. The correc-
tion factors are to be used for *10-^minute ̂mean speed and mean direction
^measurements.

3.4 TOWER INFLUENCE ON TURBULENCE MEASURE^MENTS

An u^nsuccessfu^l attempt ̂ was made to determine the tower inf^luence on tur-
bulence measurements usi^ng only wind speed data. This infl^uence is the
cyclic perturbation to the impinging flow generated by the vortices
shedding off of the tower. These cyclic perturbations consti*tude the wake
of the tower and affect the measurement of a sensor in or near the wake.

Since data were acquired simultaneously from both speed sensors at the
30, 90, and ̂ 150-meter levels, it was theori^zed that a comparison of the
spectra of a speed sensor in the wake to that of a speed sensor upwind of
the tower might give an estimate of the oscillations induced by the tower.
This spectra comparison was performed for winds blowing parallel to the
boom (from the southwest in Figure 1-^2) where a sensor (northeast) would
be in the tower's wake. Prior to computing the spectra for winds parallel
to the booms, spectra were computed for winds blowing perpend^icular to the
booms (from the northwest in Figure 1-2) in order to provide an estimate
of the "noise" that was obtained when this Power Spectral Density (PSD)
computer program operated on wind speed data. These comparisons were made
at the 30, 90, and 150-meter levels to check for consistent results at
different levels.

Figure 3-11 (a, *b, *c) presents the *PSD's for the set of spectra computed
for winds from 328, 322, and 317 degrees (northwest winds) at the 30, 90,
and 150-meter levels, respectively. The dispersion between the spectra
for the northeast and southwest sensors gives an estimate of the noise to -
be expected because neither sensor is under any significant tower influencé,

Figure 3-12 (â , *b^, *c) presents the *PSD's for winds from 224^, ̂215^, and 208
degrees for the 30, 90, and .150^-meter levels, respectively. Any tower
induced variations will appear as an increase or decrease of power for a
certain frequency band at the northeast sensor. (For purposes herein,
"increases of po^wer" are used as indicators of tower-induced oscillations.)
It is also important that this increased power be equivalent in wave length'
at all levels to insure that the structure of the tower actually does
induce these oscillations. Because the structure of the tower is the same
at all levels the induced variations should be of approxi^mately the same
wave lengths. In Figure 3-12 (a, *b, *c) increases of power occur at 0.05,
0.06, and 0.08 cycles per second, respectively, that are consistent with
0.06, and 0.08 cycles per second *(cps), respectively, that are consistent
with t^he 5.0, 6.3, and 6.5 meters per second measured mean wind speeds
that exist at the respective levels (wave length *^= wind speed/frequency).
This, however, would correspond to a period of about 20 secon^ds which
seems too slow an oscillation to represent a tower-induced oscillation. In
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FIGURE 3^-11 *(a,b,c). ^PO^WER SPECTRAL DENSITIES FOR ^WINDS BLOWING FROM THE
NORTHWEST FOR THE 30^, 90^, AND 150^-^METER LEVELS.
(Data acq^uired at 150-meter meteorological tower
facility at Kennedy Space Center, Florida, from
March 16, ^1967, to ^June 12, 1968.)
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FIGURE 3^-12 *(а^.Ь^.с). POWER SPECTRAL DENSITIES FOR WINDS BLOWING FROM THE
SOUTHWEST FOR THE 30^, 90^, AND 150-METER LEVELS.
(Data acq^uired at 150-^meter meteorological tower
fa^cil^ity at ̂ Kenned^y Space Center, Florida,^if*^rom
March 16, 1967, to ^June 12, 1968.)

3-20



*D5-15566

3.4 (Continued)

Fig^ure 3-12 *(b, *c) an increase is noted at 0.35 and 0.41 *cps, respectively,
that is also consistent with the above measured w^ind speeds. Project^ing
these down to the 30-meter level (Figure 3-12 [a]), a consistent increase
is n^oted at 0.285 *cps. They are consistent in that the tower would *^jinduce
an oscillation of about 16: .̂ meters wave length or a period of about 3^!^
seconds. One-second data are used in this set of computations, thus
limiting the maximum frequency to 0.5 *cps. Similar computations were made
for this same set of input data taken from the analog tape at a tenth of a
second; however, no increases were noted at higher frequencies (0.5 to
5.0 *cps) that were consistent enough to be considered significant. The
cross-spectra and coherence estimates co^mputed for these cases showed that
there were no significant differences between the spectra of either *^:sensor
that could be interpreted as a band of frequencies over which the tower was
inducing oscillations.

PSD's that were computed for other test cases did not show any increases
that were consistent at all levels. It was, therefore, concluded that
spectra from wind speed data alone were not sufficient to determine the
tower-induced oscillations. It is suggested that atmospheric stab^i^lity
data be incorporated in any additional study because the "base leve^l"
ambient wind oscillation in the PSD co^mputations var^ies considerably and
must be taken into consideration.
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SECTIO^N 4

CONCLUSIONS AND RECOMMENDATIONS

4.0 CONCLUSIONS

From the lite^rat^ure search, it was determined that NASA's 150-^m^eter
meteorologica^l tower is of the proper constr^uction and the sensors are
oriented to the tower in s^uch a way that the tower poses minimal influence
on the ̂ upwind sensor. The *ori^antation of the dual booms to the tower
(along with the implementation of an auto^matic direction selector), the
location of the sensors at a distance of 1 1/2 D from the corner of *:the
tower, and the lattice type structure of the tower are factors that ^icon-
tribute to the low influence. *^'•

It was determined that the assumptions of bilateral sym^metry of the field
of influence and similarity of the influencé field at all levels are,
indeed, valid for the prototype tower. Influence factors computed for the
18-meter level can be used at any level of the tower without mak^ing cor-
rections for turbulence or atmospheric stability. *^j

The greatest influence the tower induces is in the wake with a speed ratio
of 0.70. A general velocity decrease (ratio of 0.94) is noted upwind of
the tower and a velocity increase (ratio of 1.02) is noted abreast of the
tower outside of the wake. Direction dev^iations are maximum (-9 degrees)
for winds from the east-southeast and are minimum for winds from the north
quadrant. The speed ratios computed herein agree fairly well with the
ratios computed in the wind tunnel by *^Velloz^zi (Reference 6) using a ;
"clean" scale model of NASA's tower; however, the direction deviations
vary for some directions. ;

The speed ratio computed experimentally for winds from 315 degrees was
1.03 and for winds from 135 degrees was 0.96. These specific wind d^irec-
tions were used in the theoretical cases discussed in Append^ix *A.^-. A *^;:
theoretical speed ratio of 1.045 was obtained for the case of a solid;tower
with catwalk. This case is, theoretically, the maximum influence *ppssible
for a triangular tower. The experimentally computed speed ratio *of:1.03
for 315 degree winds is less than the theoretically computed maximum of
1.045 and the experimentally computed speed ratio of 0.96 for 135 degree
winds is well below the theoretically computed value. *.*•

It was determined that the use of wind speed signals is not sufficient as
the sole input for the determination of tower^-induced oscillations *^in^; the
wake. A tower^-induced oscillation with a wave length of 16 meters (period
of 3 seconds) was found to be consistent at all levels for one test*^\ case;
however, other spectra did not substantiate this or any other wave ̂ length
oscillation as being significant of the tower's influence. *!

4̂ -1



^05-^15566

4.1 RECOMMENDATIONS

The limited data volume did not permit the co^mputat^ion of a set of correc-
tio^n factors, as presented in Figures 3-9 and 3-10^, for each of the wind
speed ranges of Table 3-1. This occ^urred because a^mbient wind variations
over a ten-minute time span and the difficulty in calibrat^ing wind direc^-^
tion sensors contribute to the scatter of ratios and deviations that
necessitated "mass averaging" to achieve reliable mean values. To com̂ -̂
pletely define t^he tower influence over the fu^ll domain of wind speeds,
more data are required. The redefinition of the correction factors for
the various speed ranges need only be carried out at the 18-meter level
using the sm^all tower as reference and the standard hourly winds obtained;
.over the next few years as input because correction factors computed for :
the 18-meter level can be applied to the upper levels (see Paragraph 3.3.2).

Since wind speed signals are not sufficient for the determination of
tower-induced turbulence, it is recommended that a future wake spectra
study be designed to subtract the "base level" of atmospheric turbulence^,^
computed as a function of stability, from the wind speed spectra, then to
cross-correlate the leeward and windward sensors to compute cross-spectra
and coherence estimates.

The scope of this experiment did not Include a study of tower end effectŝ ;̂
It is suggested that a study be implemented to determine the existence and
define the extent of these effects. The *"towing-water tank" technique us^ed
by *S^anukl and *Tsuda (Reference 5) and discussed in Paragraph 2.1.4 could be
employed for this definition.

4-2
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APPENDIX A

A THEORETICAL APPROACH TO THE STUDY OF WIND TOWER INFLUENCE

1.0 POTENTIAL FLOW

The theoretical approach to the tower influence problem ass^î^mes that the
at^mos^phere 1s an ideal f^luid (i.e^., an *Inviscid and an inco^mpressible
fluid); thereby permitting the use of potential theory in computing *the:
flow about a tower. Two-dimensional flow 1s also assumed applicable by
neglecting the end effects of the to^wer. These assumptions are considered
valid because:

a. *Inviscid Fluid: An *inviscid fluid 1s assumed valid because the region
of interest is windward of the tower where laminar flow is assumed.^:^
Consideration need only be given to the windward side of the tower,
since NASA's 150-meter tower has a dual boom arrangement insuring that
one sensor will be in the wind^ward half of the compass.

*b. Incompressible Fluid: An incompressible fluid is assumed valid because
the low free-stream velocities will not produce Mach number *(M *= speed
of ambient wind/speed of sound) conditions greater than 0.2 at any point
of interest in the flow field. This low ̂ Mach n^umber condition 1s ^less
than the five percent empirical limit set for incompressible f^low as
seen by:

*^j^p^= ̂ 0 *^+ *2M2)^2^-5 *< 1.05

where p 1s the ambient density and p is density.

*c. Two-Dimensiona^l Flow: The end effects of the tower are minimal. Forrest,
et al. (Reference 14) imply that the end effects exist for about^.one *;to.
two calibers (where a caliber 1s a ratio of width of tower to he^ight'of
influence along tower). Since the tower is eight feet wide, one to^; two
calibers will yield end effect influences of from eight to sixteen ^-feet
from the ends of the tower. The 150-meter height of the tower restricts
the three-dimensional effects to those portions of the tower near the
ground and near the top.

2.0 METHODS OF SOLUTION

The tower inf^luence problem is solvable by uti^lizing potential theory for
determining the flow ^(I.e., co^mputing the stream function that is the complex
conjugate of the velocity potential) *1f given the boundary conditions associa-
ted with the tower. Since the wind sensors are mounted at the boo^m tips^*^
the Influenced flow at these points 1s re^quired. This flow 1s easily cal-
culated for a simple geometric figure such as a cylinder; however^, difficul^-^
ties arise in solvin^g the mathematical proble^m for a tower of lattice struc-
ture. The first approximation made to simplify the boundary conditions t^hen

*A^-l
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^2.0 (CONTINUED)

^is to assume that the tower 1s a solid eq^u^i^lateral triangle. The solid
tower represents a ^lar^ger obstruct^ion to free-strea^m flow than the lattice
tower; therefore, its Influence ^is greater and hence prov^ides an upper
bound for the influence of a lattice type tower. A wind tunnel de^monstra-
tion of this greater infl^uence was perfor^med by Gill^, et al. (Reference 2).
The directional deviations due to flow about a triangular lattice tower are
seen in Figure *A-l^; those due to flow about a solid triangular tower, are
seen in Figure *A-2. The solid tower, as expected^, causes greater directional
deviations upwind than does the lattice tower. Also the solid to^wer has a
larger and more perturbed wake than does the lattice tower. Thus^, by com-
puting the flow about a solid triangular tower, the maxi^mum possible in-
fluence of any triangular tower, with any degree of porosity, is computed.
Because the influence at the boom-tip positions varies with tower orienta-
tion to the w^ind and because the greatest influence occurs when the boo^ms
are perpendicular to the free-stream flow, the perpendicular orientation is
used *1n the computation of the maximu^m influence. It can be seen from
Figure *A-2 that for this tower orientation to the wind, the tower influence
is sym^metrical about the *centerline of the wind tunnel*. To compute the case
of maximum tower influence, only half of the tower and its associated flow
need be considered (see shaded area of Figure *A-3).

The two-dimensional solution for the flow about an object can be obtained
analytically using conformai mapping into a complex plane or nu^merically *^,*^
using digital techniques. A two-dimensional solut^ion for the solid triangle^;^
is obtained by n^u^merically solving Lap^!aces partial d^ifferential equation *' *^]*^
using finite difference methods. To insure that the numerical solutions are^;^
reasonable, analytical solutions for two l^imiting cases (a circular cylinde^r^
and a fence) are computed.

2.1 NUMERICAL SOLUTION

2.1.1 Description of Numerical Solution

The numerical solution is obtained using a digital *co^mpu^t^p^-^/ program, the *.*
Boeing Thermal A^nalyzer (Reference 15), that employs an over-relaxation
technique to solve Laplace's Equation:

*v2^* *^= O *(A-l)

where *^Ф represents the strea^m function.

The Boein^g Thermal Analyzer Program solves Equation *A-^l for *^Ф at specified
^points in a field with the flow assumed horizontal and with a speed of unity
The field is represented by a *gridwor^k of nodes positioned such that they
incorporate the geometrical aspects of the problem (represented by the
shaded area of Figure *A-3) and fro^m which the program derives the finite
difference equations for solution. The proper boundary conditions are in-
corporated by specifying fixed potentials at known streamline positions.
For the flow field about the solid triangu^lar tower, the lo^wer and upper
boundaries are fixed streamlines. The lower boundary is the *axis-of-sy^mmetry

*A-2
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AXIS OF
SY^MMETRY

SOLID TRIANGULAR
TOW^ER

FIGURE *A-3. WITH THE AXIS OF SYMMETRY EXISTING THRO^UGH THE SOLID
WIND TOWER^, ONLY HALF OF THE FLOW FIELD ̂ (SHADED AREA)
NEED BE MODELED.
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^2.1.^1 (Continued)

^Une *(CDEFG *1n F^igure *A^-^4) and 1s specified with a potentia^l of zero^. T^he
upper boundar^y 1s a straight ^Une (AB) positioned at a distance fro^m the
to^wer where t^he tower Influence 1s assumed negligible *(AC^=BG=28 feet) and
1s specified with a potential such that *э^ф/эу *^= *Vx *^= 1*. The left ^(AC)
and right *(BG) boundaries are open and located s^ufficient^ly far fro^m the
tower to represent free^-stream conditions.

The relaxation process co^mputes the potential at each node within the field
until a steady-state condition exists. The Unes of constant potential
between the upper and lower boundaries are then established by interpola- *^•*^
*tlon and represent the Unes of constant stream-function, *^ф (or stream- *:*

Unes). The velocity components, *V^x and *VY^t ̂ at points throughout the field
are given by approximating, with appropriate finite difference expressions,
the partial derivatives of the stream function in the Y and X directions,
respectively, 1 *.e.,

*^VX ̂ 'I^f*• *^»Y ̂ « - ̂ I^! *^'

The resultant velocity is given by:

V ̂ » *^^V^j^j *^+ *^Щ

2.1.2 Tower Configurations Used for Numerical Solutions

The solutions for t^wo lower boundary configurations are provided. The first
configurat^ion (Figure *A-4) models the solid triangular to^wer from which ^in-^! ;
*fl^uences at three sensor locations are determined. Points H and I of Figure
*A-4 are sensor locations that pertain to winds in the positive X direction ^; i
(from A to *B^), and points I and *J are sensor locations that pertain to winds^;^
*1n the negative X direction (from В to A).

The second configuration (Figure *A-5) models the solid triangular tower with
an attached solid rectangle simulating the cat^walk. Since the boom is paral-
lel to the catwalk, point I of Figure *A-5 1s the only sensor location for
which wind values are Interprétable. It should be noted that this position
pertains to winds from either X direction.

2.1.3 Results of N^umerical Solution

The flow field about t^he solid triangular to^wer and the associated velocity,
ratios^, *V/V *^, are presented *1n Figure *A-6 for winds *1n the positive X direc-
tion and *1n Figure *A-7 for winds *1n the ne^gative X direction. The velocity
ratio at point H *1n Figure *A-6 1s 0.980^, and the direction deviation 1s less
than three degrees. The velocity ratio at ̂ point I *1n Figure *A-6 or *A-7 is

*A^-5
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*A
 UPPER BOUNDARY

 *B

т1

I

LO^WER BOUNDARY

FIGURE *A-4. SETUP FOR SOLID TRIANGULAR TO^WER ̂-^WITH *H^.I^.^J,
REPRESENTING SENSOR LOCATIONS ̂ FOR VARIOUS
TOWER ORIENTATIONS

UPPER BOUNDARY
 *R
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*C LOWER *^! - BOUNDARY
 *^H

FIGURE *A^-5. SETUP FOR SOLID TRIA^NGULAR TOWER WIT^H SOLID
CAT^WAL^K - WITH I REPRESENTING THE SENSOR
LOCATION AT THE BOO^M TIP
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2.1.3 (Continued)

1.035, an^d the direction deviation 1s zero de^grees. The velocity ratio at
point *J *1n Fig^ure *A-7 is 0.958, and the direction deviation 1s less than
one degree.

The f^lo^w field about the solid triangle with catwalk and the associated^,^
velocit^y ratios are presented *1n Figure *A-8 for winds *1n the positive X
direction and in Figure *A-9 for winds in the negative X direction. The
velocity ratio at point I is 1.045 and the direction deviation 1s less than
one degree. ^;

The superposition of the boundary flow and turbulent wake regions (taken
fro^m Figure *A-2) are provided to indicate the regions' where ^interpretation
of the wind velocities is not valid.

2.2 ANALYTICAL SOLUTION

Two analytical solutions are Included to provide a comparison with the
numerical solutions. They are (1) the classical case of flow about a cy-
linder and (2) the case of flow over a fence of infinitesimal thickness^.^
These cases should provide solutions of both greater and lesser Influences,
respectively, than those for wh^ich numerical solutions are derived (i .e.^,^
solid triangle and triangle with catwalk).

The complex potential for the cylinder, *^ф(Х *^+ *^iY), is computed ^in the
classical fashion (see Reference 16) by:

*^*(Z) *= *^v1- *^тг^т^Л*^V *X^N^-Y^* *'J

where Z *^= (X *^+ *1Y); a 1s the radius of the cylinder, *V^^ is the free-stream

velocity, and X and Y are coordinates. The value of the strea^m function^,,
*^Ф, is computed by: *: *'

with a streamline being *^ф *^= constant. The velocity fie^ld is computed by:^:

*^>2

*z^"

with the magnitude of the velocity computed by:

*d^* *^= v *^И)
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*2.2 *(CO^NTINUED)

*The *potentia^l *f^lo^w *over *the *fence *1s *co^mputed *using *the *Schwa *rtz^-
*Chri *stoff *el *transformation *(Reference *16) *1n *^which *the *co^mpl^ex *potential
*1s *expr^essed *as:

*^*^U) *^= *V^J^U^-HY)
2
 *^+ *a

2
^] *^1

*where *V *1s *a *real *constant *(free-stream *velocity) *and *"a" *is *the *height

*of *the *fence.

*Substituting *^Ф *^=^» *(ф *^+ *^i^» *for *the *velocity *potential^, *then

*1Y)2 *^+ *a2]

*2
 *^. *^Ф

2
 *=

 *V
 *(X

2
 *^- *Y

2
 *^+ *a

2
)

*Ф^Ф *^=

*The *strea^m *function *is *computed *by:

*V *X
2
Y
2

*-^^- *- *- *^Ф
2
 *^= *v^f *^(X

2
 *- *Y

2
 *^+ *a

2
)

*^"

and the velocity f ie ld is computed by:

*d^Ф *^„ ̂ /X2 ̂ - *Y2 *^+ *^12XY *^\ ̂ 1
*dT

^/X2 ̂ - *Y2 *^+ *12XY *^\

*^'^\X2 - *Y2 *^+ a2 *^+ *12Y *^/

with its magnitude co^mputed by:

*^аФ
^3^7*^•^ì.

*Г(Х^«^<

*[_<х4^<

^9 ̂ 9
*^н *2X^V *^+

^• *2X2Y2 *^+

*a2X2-

*2a2X2 *-(

*a2Y2^<

*^.Y2^-

*i^- Y4)2 ̂ H

*2a2Y2 ̂ л

^к *4a2X2Y2^"

*^^a4)2 *J

The solution of greater ^influence is provided by the flow about the so l id
cylinder. At the boom-tip position (X =0, Y *= 16 feet)^, the velocity
ratio is 106.25 for the solid cylinder (Figure *A-10) and 103.28 for the
solid fence (Figure *A^-ll). These demonstrate that the numerical solutions
for the sol id triangle with and without catwalks ^'are reasonable and fa l l
w i t h i n the computed l i m i t i n g cases.
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3.0 CONCLUSIONS

Any obstruct^ion to the flow that is posed by t̂ he t^urbulent region is not
modeled. For the ̂ modeled solid to^wers (with and without cat^wal^ks)^, the

influence at the boo^m-tip positions (boom length *= 1^^ times the w^idth

of the tower) of the anemo^meters is always less than five percent in wind
speed and less than three degrees in wind direction. These values corres^-^
pond well to those computed analytically for the cylindrica^l case where a
maximum of six percent increase in wind speed is deter^mined for the sa^me
anemometer position. As demonstrated in a referenced report (Reference 2),
perforating the tower structure permits an easing of the amounts of in^-^
fluence at the boom-tip positions. No solution for a perforated tower is
presented, but this decrease of the tower influence suggests that the five
percent influence is the maximum for any triangular tower.

In the instance when the boom-tip position of the sensor is between 1^20
and 150 degrees from the direction of the wind, velocity ratios of 1.01
to 1.10 are recorded experimentally (see Table 2-1). Model^ing, performed
herein, does not consider influences in the turbulent wa^ke so no comparison
with these experimental results can be made. Fortunately, NASA's I^SO-^meter
meteorological tower has sensors on either side of the to^wer such that the
sensor in the wake position need not be monitored.
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*^USCO^M^M-^f^SSA-AS^hEVI^U^f



U^.S^. D^EPARTMEN^T O^F CO^MM^ERCE
ENVIRONM^ENTA^L. SCI^ENCE S^ERV^ICES ADMINISTRATION

^ENVIRONMENTA^L. DATA SERVICE
NATIONA^L WEATHE^R R^ECOR^DS CE^NTE^R

*^/o

R

X

0

^1

2

3

4

5

6

7

8

9

*^S^T^~^$

*. *^A/^û^.
0 0 0 0
i ̂ : ̂ i 4
^1111

2 2 2 2

*^У^Д^8^&

8 8 8 8

*^*9 9 ^» 9
1 ^ 2 ^ 1 ^ 4

*^^
a
^u.-

0 0
5 ^6

1 1

2 2

^№

^W

8 8

9 9
^S ̂ 6

^o^r

*^^
0 0
7 ^S

1 1

2 2

3 8

9 9
7 ^в

^5*^>
^o

0 0
9 IO

1 1

2 2

8 8

9 9
9 IO

^X
^ч;
^P

0 0
^и î ?
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t̂ Î S^S*Ö ̂ 00
1^0

1
^2021

1 1

*2|22

1

8

9
19

8 8

9 9
2 0 2 1

*P^P^F
0 0 0
22 23 M

1 1 1

2 2 2

8 8 8

9 9 9
^22 23 24

0 0 0 0 0 0 0 0 0 0 0 ^0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 0
^n 2^6 *2^> 28 29 30 3l 32 33 3^4 35 36 37 38 39 40 4l 4^? 43 44 45 46 47 4^8 49 SO 5l 52 S3 54 ̂ 5^5 5^4 57 58 59 60 ^{1 62 63 64 65 66 67 68 ^69 70 71 72 7^3 74 7^9 76 77 78 79 ̂ 80

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1^1 1 1 ^ - "

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Co ls^ , ̂ 1^3 *^a^ .^y^J^ . ̂ / 9
• *^'

*В^^^л^и^/^ч *^= *-^f

*^'^' *^^^Vo/^a P ̂ и^к^с ̂ h. *^=. —

*'— *^S^fA^Är/^j^-^fy *^с^с^л^/^л ̂ m^i^s^s *^i^w^j *^-^(^.^c^-^ols^. *1^4—lS ̂ o^* ̂ 3^0^-^2))
Co^i^s^. */^6^-j^Ç *^3^.^2-^2^Ц^-

^Г) 1 1 *' 1 ^t *• */

*^\^~^>i^a^-^1^n^k^s *^:^=^~^> *^h^^.i^S^S^J^^'^] *^cL^f^O~O^L

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
25 26 27 28 29 30 3 '̂. 32 33 34 35 36 37 38 39 ^40 41 42 43 4^4 45 46 47 48 49 50 51 52 53 54 55 56 57 ̂ SB ̂ 59 60 *^Gl ̂ 62 63 64 65 66 67 ^68 69 70 7l 72 73 74 75 7^8 77 78 79 80

*Title *.......... *^:.

*Prepared *By *........................ *....................................................................... *For *Pro^gram

*By *Pro^grammer *.............................................................................. *. *......... *Checked *By

*Date *................................................................. *, *............................................ *Remarks *^A....S.

*7^/^&^£;...^^'£^&^^....^Z^k^w^^

*Modification

*^= *....^S^A.^<^?.^A^u^a^..|.^ie:^v^o.....^/..^<^v.^<^?^/^f^?.^X *..... *^l.^h^m<^*^3.^L.^.^.

*^&.^. *........ *of *..... *^/...^.... *.....

*USCOM^M-^ESSA-^ASHEVIUE



^и
JOB LAYOUT FORM

CL ^N0
CARD ^NO..

1 2 ) 4

*^i^i
*^<^i

^V^P

1 *^Z^V^t^c,

9 9 9 9
1 2 ) 4

*^a999
1 2 ) 4

*^s ̂ si; ̂ i

*^K^i
^O

*^<r
^C^)

^n
9 9
^5 *:^6

9 9
*^S ̂ 6

*^у^г
9 9

9 10

*^/l^\^Ù

11 *12'l̂ ) 14

*!^>!

9 9 ^ ^ 9; ̂ t *;^-9 io

9 9
7 i

9 9
*^> I^O

^—

*^^^t^i

^99
^S t̂ 12 ^p î 14
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*^T^№
Inst̂ î nctions for Markin^g ̂Wind Recorder.^Rolls

.1. Co^mp^are.Le^vels 0 (3 meter) and 1 (10 meter)
2 (18 meter) and 3 *(l8 ̂meter *L)
3 *(l8 meter *L) and ̂h (30 meter L)
5̂ (60 meter *L) and 6 (90 meter *L)

7 (120 meter *L) and 8 (1̂ 5̂ 0 ̂meter *L)

2. M̂ark Time *(OOOO)*, Dâ y.(1st̂ , 2nd̂ , etc.) and to^verside *(l, 2̂ , or 3) at
^beginning of each da^y.

3. Mar^k missing data period ̂bet̂ ween rolls at the beginning of each roll.

*^k. Mark *toverside chan^ges as they occur during each day. *Toverside codes (mark
*betveen *W/D and *W/S)*.

1. Left track (NE sensor)
2.^' Right track *(SW sensor)
3. *Toverside change (during 10 ̂minute period only)

^5. If timing is 3 (̂ or more) minutes off the printed chart time^, mark a "tick
mark" and the ho^ur on the edge of roll for each hour it remains off. *^;(Do
not cover actual timing mark.) *•^;

6. If less than 2 minutes of the 10 minute reading period is affected by *^!a *vind
codê , use readings of 10 min. period if verifî ed by another level.

7. Mark *W/D codes ̂just left of 360° on chart.
Mark *W/S codes to right of ̂ zero on *^W/S chart.
If no 10 minute reading on *^vind direction *(W/D) is to be taken *drav a l̂ arge
circle around 3̂ 60 *°*. ;̂ *̂ •

.If no 10 minute reading on *vind speed *(W/S) is to be taken *drav a lar̂ ge .circle
around 3̂ 60°

 *a
n̂d zero of *vind speed. (̂ No. *W/D is read *vhen *W/S is omit^ted.

*W/S *hovever may be read *vithout *W/D.)

8. Where a code is necessary for *W/S at a given hour check max. hourly high
if *^p;ood by a check mark at the hourly high. (Determine good hourly ma^x. by
co^mparing *vith another level.)

9. ̂ Zero Results

A. If last calibration and next crossover indicate the same *З^бО.° *s^veep and
zero is off scale, indicate zero reset by a small blue dash at thê ; point
zero should be. Do this for all hours *betveen calibration and cross-
over and continue until data indicates a change*.

*B. Zero.(crossover only)

1. During crossover if ̂zero is off indicate zero reset for that hour only.
If zero is off, but 3̂ 60° *sveep is available, indicate zero reset for̂ , t^hat
hour only.
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C. 3̂ 60° (crosso^ver onl̂ y)

1. Durin^g crossover at *ЗбО̂ ° and 360° is off̂ , indicate ̂ zero reset for
that ̂ hour onl̂ y. *. *^<

2. If *ЗбО° is off̂ , ̂ but a 360° *ŝ wê ê l̂ îs availâ blê , indicate ̂ zero reset
for that hour only. *^\



Codes for Wind Data

*^\^r

*Code *Meaning

*0 *Cali^bration *(^more *than *2 *^min.)*(^W/D *only)
*. *(W/S *onl^y)
*(W/D *^& *W/S)

Occur during
10 min. ̂ - ̂ 50 min. per.

*^iRead
^i *.^: Hour

*W/D *W/S *-W/D^: *W/S Ma^x.
10 Min.

1.̂ 1 Recorder malfunction (more than 2 min.)
*̂ r;^-' Pen not inking, paper jammed,
*^j Chart drive stops, chart drive
*, *, *-' Ĝ aining or losî ng time, etc.

2. Power failure (2 minutes of 10 or 10 of

3^- Instrument (sensor) malfunction
(more than 2 min.)

Trace dropping to zero, intermittent
sensor, sticky cups (trace near 2 or 3
*^mps drops to zero.)

^4. Maintenance (more than 2 min.)
repairŝ , adjustments, and ink refills

*(W/D only)
(W/S only)
(W/D ̂& W/S)

60 min.)

(W/D only)

(W/S only)
(W/D ̂& W/S)

(W/D ô nly)
(W/S only)
(W/D ̂& W/S)

No
No
No

No

No

No
No

No
No
No

No
No

No

No
No

No
No

Ver
Ver
Ver

Ver

Ver

Ver
Ver

Ver
Ver
Ver

^5. *Towerside Jump
Obvious jump in trace when towerside changes*.*
(Record correction during quality control).

6. Gap between rolls (2 minutes of 10 or 10 of 60 ̂ min̂ )

7*. Doubtful Data
Uncertain about zero,"spikes questionable *(W/S only)
Crossover not operating properly, etc.

8. Data Skip
Short skip 'during hour with no
apparent time lost'

9. Miscellaneous
Requires written explanation on log sheet

Read as recorded
Al̂ l data

No No Ver^.

*(W/D only)
*(W/S only)
*(W/D-W/S)

*(W/D only)
*(W/S onlŷ )
*(W/D-W/S)

No *•
No
No

No

No

No
No

No

*^' Ver
Ver
Ver

Ver

Ver

Readings may ̂ ;^
be corrected,̂ ;̂
discarded, ̂'or^. *,*
read as record^ed.



Job *̂ # 06913

*. Cape Kenned^y (128̂ 68)

• *. Codes for ^Winds

M̂ay Â ffeĉ t Part or All of the Hour

CODE

0

1

2

3

^h^

^5

6

^7

MEÂ NÎ NG

CALIBRATIO^N

RECOR^DER MALFUNCTION

POWER FAILURE

Î NSTRUMÊ NT M^A^LF^UNCTIO^N

^• MAINTE^NA^NCE

.̂ TOWER Ŝ IDE SWITCH

(SENSOR)

GAP BETWEEN ROLL CHA^NGES

DOUBTFUL DATA'

8 D^ATA.^MISSING

9 ̂ MISCELLA^NEOUS

Â DDITIONAL 'Î N̂ FORM̂ ATION

.Pen not in̂ kinĝ , chart paper ̂ jâ mmed̂ ,̂
châ r̂ t drive stoppâ gê ŝ ,̂ , etc. *' *̂ ,

Trace dropping to ̂ zero^,^
intermittent sensor.

Causin^g an OBVIOUS Ĵ UMP in trace
(May or ̂m̂ ay not require correction)

Uncertain a^bout ̂zero^, spikes
^which may or ̂ may not be good, ;
CROSSOVER not operating.properlŷ ,̂
etc. ;

Usû ally a short skip during hour
^with no apparent tî me lost.

^Re^quires an e^xplanation on
'LOG SHEET.



*Jo^b *^4*^

*Cape *Kennedy *(128^68)

*Instructions *for *^Wind *Cards *and *Listin^gs

*(^A) *^\^S^=^2 *and/or *LARR *V *cards *(BY *COMPLETE *MO^NTHS) *go *to^. *Han^k *Stauffer
*for *conversion *a^nd *1s^t *listing. *(ONE *COPY) *This *listing *is *BY *^;*^

*. *' *LEVEL *and *^will *s^ho^w *ER^ROR *SYMBOLS.

*NO^TE; *.Remind *Han^k *to *ma^ke *DUPLICATE *and *SEQU^E^NCE *check.

*(B) *Q. *^C. *^for *1st *LISTI^NG

*'(^l) *^-Check *all *ERROR *SYMBOLS *(See *sheet *^with *e^xplanations *of. *s^y^m^bols^).
*(2^) *Check *ti^mes *on *^DAILIES *agai^nst *listing *(C^heck *rolls *if *necessar^y)
*(3) *Punch *corrections.

*File *corrections.

*^NOTE; *ORDE^R *OF *CARDS *FOR *1st *LISTING:

*^YR. *^MO.

-12

DAY

01
01
01

13-1^̂
HR.

00
01
02

15

LEVEL

1
1
1 etc.

*II. *(A) *AFTER *CORRECTIO^NS *ARE *CO^MPLETED^, *cards *^"(BY *CO^MPLETE *MO^N^TH) *go *;to
*Ra^y *Clark *for *2nd *Listin^g *(BY *HOUR) *^. *:

*(1) *Car^ds *^will *be *sorted *in *the *follo^wing *order: *•

*Cols. *11-12 *13-1^1^)- *1^5^

*^YR. *MO. *DAY *; *HR. *• *LEVEL

*01 *00 *1*
*01 *00 *2*
*01 *00 *. *3 *^etc.

*(2) *MAKE *(3) *copies *of *listing. *.*
*(a) *Start *new *page *for *each *month.

*(3) *BOOK *- *^by *month.

*(B) *Q. *C. *for *2nd *LISTI^NG: *^• *• *^= *:

*^/ *^CH^C^Ct'^t *C^/^J^/^?^£ *^C^c^v^b^-^r *^4
*^Д *^(^t^f *Check *TO^V^JER *SIDE. *. *(Should *be *the *same *for *all *levels *for

*the *s^a^me *hour) *' *• *'.
*3 *^(^-^?•) *' *Check^-JU^Î^'^E^P-SHEETS^-f *or *-trouble^-spots-. *Ct!^&^' *^2^>^f.^H^/^G^^ *•

*(^3) *^Ghe^ck— *Lo^g-Sheets- *from *-statio^n *-and^- *Missin^g- *a^n^d^— *Erroneous— *^D^a^t^a
*bog-Shee^ts— *f *or..^- *infor^mation-concerni^ng *-doubt^ful^-data-.' *^; *^;

*o^o^e *^V



*Check *M^E^A^N *directio^n *'.^and *M^EA^N *sp^eed *level *to *level. *^/^ï^/^? *^G^?^*i^K^C^-r^£ *^/^''^ÌC./^JT^H^.^
*^4^» *^(^5^) *If *necessary^, *check *rolls *.^/^/^j7^? *^Ъ^ъ^-.^'^К^и^^'^ь *^£^£^&•^; *^о^м^]. *^&^^^с^;^П1^*^! *D^-^M^J^Î'^F^ÏL *^/^t^e^n^s^.^
*7 *(-^è^) *^DOCUME^NT *an^y *ad^justments *^we *make *to *t^he *data.
*^g1 *(^?^f^i *Pu^nch *corrections *.*
*^O^t *(^-8^) *If *too *m^any *cor^rections *to *hand *file *^- *have *Ray *make *a

*listin^g *of *the *corrections *and *^merge *the^m *^by *^machine.

*^NOT^E: *If *too *^many *corrections *to *correct *the *other *(2) *co^pies^, *send
*co^m^plete *month *to *^Ray *Clark *for'(3) *copies *of *^2nd *listing *to
*include *corrections *.

*1st *COP^Y *-'^NAS^A.
*2nd *COPY *- *^NW^RC

*III.' *(A) *BY *COMPI^ET^E *MO^NTHS *^TAKE *TRAY *OF *WIND *CAR^DS *^- *file *in *^back *of
*' *• *WI^MPS *- *DELTA *"T" *^. *TE^MP *and *P^RESSURE *. */^Г^д^^/^Д^^/^в^л'' *^У *^А-^'^*' *^Р^е^, *^-^л* *^'^0^.

*• *• *T^hese *cards *no^w *go *to *Dick *Davis *to *be *taped.

*(В)^' *BY *MONTH(S) *BOOK *^WI^ND^S *THE^N *DELTA *"T"^, *TE^MPERATU^RE *^and *^P^RESS^URE.

*(
c
) *SEND *NASA: *.*

*-.'-. *(l) *TH^E *TAPE.
*(2) *COP^Y *OF *TAPE *DUMP *. *.
*(3) *CORRECTED *LISTI^NG *OF *WI^NDS^, *DELTA *"T", *TEMPERATU^R^E *.*

*^and *P^RESSURE. *. *.
*(^4) *MISSING *and *ERRO^NEOU^S *DATA *LOGS. *^'

*(ORIGINALS *^- *^MAKE *^XERO^X *COP^Y *^FOR *OUR *FILES)
*(^5) *SHEETS *WITH *A^D^JUSTME^NTS *^W^E *^MADE.

*(SEND *^X^EROX *COPY *^- *W^E *KEEP *ORIGI^NAL) *.
*(6) *COPY *OF *THE *LETTER *OF *^TRA^KSMI^T^TAL.

*NOTE^": *WE *HOLD *THE *ROLLS *UNTIL *NASA *R^UNS *THE *TAPE *AM) *GIVES *O.K. *- *;
*then *we *bo^x *rolls. *Make *a *list *of *rolls *in *each *bo^x. *XEROX *(2)
*copies *of *the *list. *One *goes *in *each *box^, *we *keep *one *and *one^;^

*. *goes *with *the *letter *of *trans^mittal.



Jo^b *̂ # 06913

*' Cape Kennedy (12868)

Winds

ÊR̂ ROR SYMBOL^S *̂ 5НО̂ Ш *̂ Ш 1st *LIST̂ PIG (BY LEVEL̂ )

*̂ ̂DÎ R̂ ECTIÔ N ER^ROR (WITHÎ N HOUR)*.

(l) ̂ MI^N e^qual to or greater than MEAN.
- (2̂ ) MEA^N e^qual to or greater than MAX*.*

(3) Ma^y ̂ be due to CROSSOVE^R.

? SPEED ERROR (̂ WÎ THIN HOUR)*.

*(l) Usually HOURLY onê -tenth less than TE^N MINUTE ̂ M^AX.
*. - (̂ 2) MIN e^qual to or greater than MEAN.
*, (3) MEAN equal to or ̂greater than MAX.

*< TWO HOU^RLY ̂ MAX SPEEDS equal ̂ DAILY MAX SPEED.

*" .(̂ Check typer sheets for max^im^um nu^m^ber of counts ̂ - drop the one
*vith least number of counts by one-tenth.)

*^# *(l) NO HOURLY M̂ Â X SPEED *= DAILY.
(2) DAILY picked ̂ with one or more *HOURLIES missin^g.
(3) ONE or more *HOURLIES greater than DAILY.

(Usually 00 *HR. higher due to MAX occurring before midnight ̂ -^
CHECK 0000 ̂- 00̂ 30 for MAX on follô win̂ ĝ " day.)

*'. ^». *• *• *• *• *• 1

*^^^D I^MPOSSIBLE'SPEED (USUALLY machine reset at - ̂ 9999 or operator ̂did not;
ẑero out) *. *• *•'•'••''

^* C IMPOSSIBLE DIRECTION (̂ MÎ NUS ̂ value less than 999 - operator did ̂n^o^i^, *.
zero out or ̂ machine reset at - 9999)*•

NOTE; CHECK TÎ MES, on DAILIES against listing.

THESE ERROR S^YMBOLS may or may not denote an error but should be checked.



*^A^B^L^D^l^Tt^f^t^Q^—.^A..^.

^/^S

^В ̂ у *^ö^>^^ ̂ л ̂ r *^f^tT.^«^Ä^Ä__^T:^c.c^.^H. ̂ V.



*^С *^Т^е^, *^л *^p)

^It

^ч

o^/

^öl
^O i

*' ^o t

*" ̂ 61
*" ̂ Ut

*^" ̂ с I

*^"

^ci

^O^R ̂ D ̂ e ̂ к ̂ R/^?

^£^1 ̂ /^2 ̂ 0^4

*"

*^" *^D^e^i

*^C^n^z^&^s ̂ е^

^Ч^- *С^ы^ы ̂ f^a^?

*^•C^A^*^à^-^#^-^J *^о^б *^û^-8



*^U^ß^ir^e *^/^-^А^О^Р^Я^Я/^Л *^Т^о
*С/

*^O^F *^M^e^s^. *^С *^-^з^.

*^£^ё *^O^f *^y^^..^^^^r^^ *^7о

с̂ - *ХХХ^Х *̂ -̂ -̂ Г з̂

*^7У^У^У *;^c^s *^5*^

*^^ *^- *yyy^y

*У *^У^ХУ *^^^s

*УХУ *У *^J^T^s *^Л^Л^Х^1^/^Д.

*Ô^OÔ

*^*^' *O^U^TP^U^T *C^M^O^S *^Ô^A^J *^"^Р^п^в^з
*l^V^Z^S *^f^i^/^J^û *^&^1^1^/^6^S *LI^Ï^T^/^/^.^/



*^é^l^S *(^ô^'^t^f/^з^)

*^ь^т
•̂N *̂ '

^-О-

v^e^"
о

1
г

ел
1
1

to
1 *•*

^"Г^"

*^4^j^-

1

CM
1

C^M1
•v̂ ?1
co

1
c^o

1
^o

*^Э *'•^>^•
*^^ *^Ю

1

1
*.^-...' 1

1
1

*. *. *. *' 1

!
*. ̂ 1
i

*•^• *.
*^j
1

1*..^„
т *••
^i

1*^"^' *^\ ̂ т *'"
*\

*\^-

1
1

^s

ir

*^_. *..

*.

• ^-

v C

*^^ *^(

*.
*^..-..^,.

1 *. *.. *.
*^'.

*.

*'

*^M *^^^_^.*.

*.*
•

*^э *:^0

*^|

*-^. *:" ^?

^o^r *^--^Ì *^^

^V^) *^^ *v^9^
^S, *^"^J *^c^<

*^(<^i *^\^^^:^i^-
1!
О

• С^М :

-

*•^(^t^-^~^- *Jl *^Xf^i*^M^PS

^?

*^О^с^т^. *^ï^} *^6^9 *^с^-^n^r *^- *^- *^j *I*^* *y^-

*/^>•^? *^ч *^>'

*^У^-^S^û^ô

*^П *C^*^*^v^s^*r *^м^ж^-*^в *^s-^'^i
*^00^0^0

*^3^-.



*^'

^S*^Ч^г
U.^S. D^E^PA^RT^MEN^T OF. CO^M^M^E^RC^E

*^I^NVI^RO^N'^M^Z^N'TA^L. *SCI^E^N^'C^E S^E^R^V^IC^E^S AD^MIN^IST^RATIO^N
^E^NV^I^RO^N^M^E^NTA^L. D^ATA ^S^E^RVIC^E:

^N^A^T^IO^NA^L ^W^E^AT^H^E^R *^R^ECO^K^OS^'C^ï^XT^E^R

*^„^" *•^f^^^.^A^"^. ̂ -

*^f^-/^^ *^7/

!̂ .̂ 0

A
*^/ ^— ^0

*•^£

*^Q*^
*<^*-

*^Ъ:

*^^;

^О

*^'""^«^*^-^* *^ü^*^^^ч

*^^

— *r

1

*^^ *^Ì^'i:

*^-^^ *^-• ̂ v

^JO *^/^s^.^w^r^s^s *^j^-^h^v^zL^Y

*^i^/^У/^л^/.^№ ^Л *.• ̂ л ̂ V*/.••|^-^f^b^-\
^С *^Г.^'^Г ^0

*^v^\ ^y: ^y

*'^•' ^Ял */.^*• *.^;,^- ^l'^i

*^Ä^' *^f^e
*\^/^^ *\^/

*^А^: */^:

*Û 0 ̂ G ̂ 0 *ü!^Ö ̂ DÌ^O C^IÒ C *^Û 0 *ü *O^lû^iO^lû *Ü 0 *Û^i^Û *^Û 0 *^ü:0 *^û 0 *G^ï^'G *û *^û *Û-:0 *û *^û *O^i^G *^û ̂ 0 G *û 0 ^0 б *ù С *Û ̂ 2 *Û *û 0 ̂ G ̂ G 0 0 ^0 *û *û 0 0 0 ^0 ^0 *û 0 *^ü 0 ̂ G ̂ 0 ̂ G *^û 0 0 С G G 0 G ̂ G *^Ü

1

2
•

"^Г

^5

^с
^u

7

^0и

^• ̂ 0,

• *.^! ̂ z *^з *^'
1 1 ^1 1

2 2 2 2

^5^67^8

*^' *'

2 2

i ̂ 2. *^>^?^6 9^5

^л ̂ n ̂ л ̂ o
*^Ü *^Û *^ü *^Ь

*^fy a ^a P

^83

1 1
9 1^0

1 *Ì

2 2 2 2

^о*^-^,.
^S

*^Ы

*^-^>
l^ì. *^x^\
*^;^<> *^-^^
^k

*^^

Il 1^2 13 *i^<!^;^5 ̂ :^
1

^i ̂ 1 ^li^li^*
^3

^9 *^?!'> *2^'2 *'
i

^i
^t
^1

*^'^.^!^:^? I^S 1^0 *2C^Ì^2I *^?? *^ГЗ *:'•^i *}
*j^! 1 1 i

^i ^; *^' ^;
*^?^!> *^<^6 *^2^Ï *7^o^;^:^s *^i^3 *^jl *^j^?^;^j^3 3 '̂. 3^5 *З^с^07 *^о^З *^j^5 ^«0 ^i^l *^<^? '^-^3 ̂ « *^<5 *^^^о *^<^7 *^<^J *^<^3 ̂ S^3 *^ÜI ̂ 52 53 ^W '^Л 5^5 ̂ 17 ̂ 1^C ̂ 5^0 ̂ 0^0.^5^! ̂ £^2 *^t^j *^Î^4 *^С5 ̂ S^o *^С7 *^С^З *^t^j 7^3 ^7l 72 ^73 *7^-i 7^5 *7^î 77 *^7^C *7^S *^:^3

1 1 1 1 ( ^ 1 1 ^Mi^! ^! 1 ^и! 1 1 *i^j^l ̂ 1 ̂ 1 1 ! 1 11 i 1 ^M 1 1 1^1 11 1 *П *^\ *\ I 1 ̂ 1 ̂ ! ̂ 1 ̂ i 11 1 *^П ̂ i ̂ 1 ̂ : 11 ^1 ! ̂ ! ̂ i *^j *.*
i i *•^!

*^)2 2 2 2 2 2 2 *2^|2 2 2 2 2 2 2 2^:2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2'

i
i.

*Ì *^ЧЬ
i *^Ы *^^

*^ .̂ ̂ с^е^д i! c î
^W

*^) ̂ 1

^О ̂ '^s^)

*^4^\. *\^r^-^C;

^* ̂ S *. *^Ъ
*^^ *^:^;^^ *^<

^O *^ì^t^^^ì

г
8 8 8 ^ 8 8 * ^ 8 3 ^ s ^ ; ^ e ^ ;

3 9 * S 3 S 9 * ^ 3 s ! ^ â * з ; з ̂ s
^123^45^1^

1

*,_^_ ^1

7 ^: ^9 1C *^»^Hj^»^),

i

*^>

*{
1

*. *^' *^' *^'

^ч
•̂ s.
'̂ S.

*^«^*^- *^î *^'*^ч^Г
^•^Ч. *^i^>

*" *^^ ^t^u ! ^X^-

^5 i

i

*^P^< *^j *^^

*^^
1

^X
!

^138883^8888888
!

! *^'
^§ ^i ^t

^C^i ^; *^^

^ч^1^) *'^< *^^^1^>

i

^- *^' *^>^ч *• *^' *^'*^*>. ^: *^>^^ ^!
^i

3 8 8 ^8^)3 8 8 *^2^|^3 ̂ 3 3 S 3 ^2 3 8 3 8 3 ^8 o 3 3 ^3 3 ^G 8 8 3 8 ^8 3 *S^'8 S ^3 3 8 ^8 3 ^3 8 ^8 3 ^с 8 8 ^8 ^5 8 ̂ 3 ̂ G
!

*'• *' *• i ! *^"

*̂ JÎ 17 1^2 *̂ !̂ 9 *2ù
21 22 23 *^2< 25 *^ГО 27 ^23

!

*2^Э 3^3 ^3^1 *^32^J^Ì3 *3^< 35 *:^-^3 37 ^З^а *:^3 ^« *^«^; *^<2 *^<^3 ^« *^<^3 ^« *^<7 ^43 ^« ^5^0 5^; 52 5^3 ^5^4 5^5 5^5 *5^î"^53 5^5 *^С^З ̂ С: ̂ 5^2 *^гЗ ̂ H *^С5 *^С5 *^г7 *S^C *^£^Э 7^0 ^3^; 72 73 7^4 7^5 7^5 77 *7^£ *7^i ^W ^S
! *• ^г
i ^;

*Tit^l^e
*^=. *..... *^I..*Prepa^red *By *............................................. *. *.................................. *. *............... *For *Pro^gram *........................ *^U.^M^-^M.^M^>

*^By *P^ro^g^r^a^mmer *^^^T^d. *.^&^?^£^$.. *^Ê^№..^l^ï^m^b..^/^£^w^m^^ *........... *Chec^ked *By *..... *. *................... *^/^£^^^-^/^^^1 *^Л^^^т^?^?..^^....

*Dat^e *.................. *^a^Z^Z.^J^%^Z.^$^$^^.^M^J^?^e^m.^U^№.^£^£^?.^?^^ *........ *Re^marks *: *................ *. *.............. *^Ш^Ы.^С^&^\^Ж^&....^-^:.....

^a ^u

^'^-Mo^dif^ication

*^USCOMM-E^SS^A-^X^SH^EV^lU^E



*^L^'.S. D^EPA^RTME^NT ^O^F COM^ME^RC^E
*^I^N^V^S^RO^N^V.E^NTA^l- ̂ SCI^E^NC^E *^S^E^RV^iC^E^S

*:.^\TAL *^О^А^Т^Л S^E^?

^.^'^NA^T^IO^NA^L *W^iA.^K^E^K *^Я^Е^СО^Я^Э^З *^t;^t.^M ^l^u^?^« *" *• *^" - *^"-- *' *" *' *\/ *^f^Z'^f^t^J^/ *C'^rl ^L. *' *"^(^Л^/Y/^y^f^s^^ *^: *^"
*^c — - *•••• *^• *-- *^*^2/^y *^r^^^# *^J^/ *^r^.

*^f!

!

*i! *^s

^N

^С

^s G
^С -
*'^j *f

*.*
^Ч ̂ ?

*^ï *^ù

*^•^Î

^o

*^j *•'" *^.

7

0

C

^i^l
*^f^j

*^S^r^*^.

^/^/o.
*^Û ̂ 0 *û *Û
1 2 ̂ 3 ̂ »

*•^п^п

• ^2^222
*'

*. .̂ n ^0 ^n *̂ f̂ ĵ
и ̂ 0 ̂ и ̂ 0

^3 3 9 ^S
1 *î 3 *^<

*^ъ

*^^

^è
*^OÜ
5 ^6

i ^I

*^/ *^*^*^"^Ч

8 8

^9 ̂ 9
*^J ̂ 5

*^^
^i.
^ce

7̂ .̂ 1

2 2

^P
^•^v^.

*^-^^

*^,

^'ч^.'
^"^Ni

^3 ̂ 8

^ч ̂ ч
7 ^S

*^v^^

*^^
*^^

o ^ c
^0 l̂ u

X

*^с^^
^о ̂ л^
^U *'^J

*̂ п î :

^i ̂ ili !
^i

2 2

*\^-^\

1

^o

*З^'^З

*с; fi
^; *i^û

2 2

1

^O

^o ̂ o

^a
*^~^<

0 0
*^:^) ̂ u

! i

2 2

*^>^V^|

1/^3 /̂ î ?1 '̂,;̂ / *j/^û/^V^Î^/л^/ *I^O^M:^S\ì!^RL^4 *^W^-^У-

*•^f- ̂ p *^f^J^il^/^]

^U

^i

.̂ u *̂ ^ *.
*-. *-^1 *j_ ^O */^'•^"^"

*^r/^*,^s *^^
*.^ï^.

*^S^P^S^S^O

^-L ̂ - i ̂ V- ̂ -^, *. *,

*_ *^i^zf^/^i^l^f^j — *^.^J/^-'^^

*^/•^//^?^X *!/^/^;/^/'^/

*^-^* l^*^"

*\^/^с^/^-^м\^/^й *^/^<'^,i^/^s *^)^b^w^/J
*^+ *^0^f^.^f *J^\
*—•^"'•^'

^/^A^M
*\^S^f^Z^S^O

*.^J.

*(.^/- *^с^-^Л^1,^^^/. ̂ -^h *^с/^Лм^/i *^+^-^~г^/ *^trJ
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^i) ̂l^,*^c^! ̂o'

Instructions for ̂Markin^g Wind ̂ Recorder.Rolls

1. Co^mpare Lê vels 0 (3 ̂meter) and 1 (10 meter)
2 (18 ̂meter) and 3 *(l8 meter *L)
3 (18 meter *L) and ̂h (30 ̂meter *L)
^5 (60 meter *L) and 6 ̂(90 ̂meter *L)
7 (1̂ 20 meter *L) and 8 (1̂ 50 meter *L)

2. M̂ark Tî me *(OOOO), ̂D̂ â y.(1st̂ , 2nd̂ , etc.) and *towerside *(l, ̂2̂ , or 3) at
^beginning of each dâ y.

3. Mark missin^g data period ̂bet^ween rolls at the begi^nni^ng of each roll.

*^U. ̂Mark *to^werside changés as they occur during each day. *Towerside codes (mark
between *W/D and *W/S) *.

1. Left track (N̂ E sensor)
2.^' Ri^ght track *(SW sensor)
3. *Towerside change (during 10 minute period only)

^5. If timing is 3 (̂ or more) minutes off the printed chart ti^me^, mark a "tick
mark" and the hour on the edge of roll for each hour it remains off. *^|(Do
not co^ver actual timing mark.) *•^; *.

6. If less than 2 minutes of the 10 minute reading period is affected by *:a wind
code^, use readings of 10 min. period if verified by another level.

7. Mark *W/D codes ̂just left of 360° on chart.
Mark *W/S codes to right of ̂ zero on *W/S chart*. *•• *^,
If no 10 minute reading on wind direction *(^W/D) is to be taken draw a l̂ arge
circle around 3̂ 00°. ^: ;
If no 10 minute reading on wind speed *(W/S) is to be taken draw a large : circle
around 3̂ 60° and ̂ zero of wind speed. (No. *W/D is read when *W/S is *ô mit̂ jted.
*•W/S however may be read without *W/D.)

8. Where a code is neces^sary for *W/S at a given hour check ma^x. hô urly high
if ̂good by a check mark at the hourly high. (Determine good hourly mâ x. by
co^mparing with another level.)

9. Zero Results

A. If last calibration and next crossover indicate the same 3̂ 60° ŝ weep ̂ 'and
zero is off scale, indicate zero reset by a small blue dash at the 1̂, point
zero should be. Do this for ̂ all hô ur̂ s ̂bet^ween calibration and *cros^ö-
*over and continue until data indicates a change*.

*B. ̂Zero (crossover only)

1. During crossover if zero is off indicate zero reset for that hour only.
If zero is off, but 360° sweep is available, indicat^e zero reset for that
hour only.
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C. 3̂ 0̂° (crossover only)

1. Durî ng crossover at 3̂ 60̂ °
 *a
n̂̂ cL *З̂ б̂ О° is ô ff̂ , indiĉ ate zero reset for

that hour only.

2. If *ЗбО
0
 is off̂ , ̂ but a 360̂ ° *ŝ wê ê &'is av̂ ailâ ble

*̂ ;
 indicate ̂ zero reset

for that hour only. *\



Codes for Wind Data

*^i^r'.^:^c

Code Meani^n^g^

0 Calî bration (more t̂ han 2 min.) (W/D onl̂ y)
(W/S only)
(W/D *&. W/S)

Occur during ^:
10 min. - ̂ 5^0 min. per.

*, ̂ Read
*' *^.^;' Hour

W/D *w/s ^W/D: *w/s ^м^а^х.
10 Min*.

*l.^| Recorder malfunction (more than 2 min.)
*^f

1̂
 *^" Pen not inking, paper ja^mmed,

*,^.^r,'
v̂
^'^j Chart drive stops, chart drive

*;
Y *.^/ *^. i *"^" Gaining or losî ng time, etc.

*•^Y^V^''
*̂ .̂ ,• ̂N 2. Power failure (2 minutes of 10 or 10 of

3. Instrument (sensor) malfunction
(more than 2 min.)

Trace dropping to ̂ zero, intermittent
sensor, sticky cups (trace near 2 or 3
*mps drops to zero.) *.

*^h^. Mainte^nance (more than 2 min.)
repairs, adjustments, and ink refills *.

(W/D only)
(W/S only)
(W/D ̂& W/S)

6̂ 0 m̂in.)

(W/D only)

(W/S ô nly)
(W/D ̂& W/S)

(W/D only)
(W/S *̂ önly)
(W/D ̂& W/S)

No *•
No
No

No

No

No
No

No
- No
No

No
No

No

No
No

NO^'

No

Ver.
Ver.
Ver.

Ver.

Ver.

Ver.
^: Ver.

Ver.
Ver.
Ver.

5̂. T̂ô wers*ide Jû mp
Ô bvious jump in trace *̂ vhen *towerside changes*.*
(Record correction durin̂ g ̂ quality control)*.

6. *.Gap bet^ween rolls (2 minutes of 10 or 10 of *бО min̂ )

7. Doubtful Data
Uncertain about ̂zero^,'spikes questionable *(W/S only)
Crossover not operating properly, etc*.

8. Data Skip
Short skip 'during hour with no
apparent time lost

9. Miscellaneous
Re^quires ̂ written e^xplanation on log sheet

Read as recorded
All data

 *:

No No Ver.

(W/D only)
.e (̂ W/S only)
(W/D̂ - W/S)

(W/D only)
(W/S only)
*(W/D-^W/S)

No.
No
No

No

No

No
No

*.

NO

• Ver.
Ver.
Ver.

Ver *.

Ver.

Readings may^;^
be corrected̂ ,̂ :̂
discarded,-or
read as recorded.



Job *̂ # 06913

*. Cape Kê n̂ ned̂ y (1̂ 28̂ 68)

*. Codes for ̂ Winds

May Â ffect Part or Al̂ l of the. Hour

CODE

0

1

2

3

MEANING

CALIBRATION

RECORDER MALFUNCTION

POWER FAILURE

INSTRUME^NT MALFUNCTIO^N

• MAINTENANCE *' *• *.

(SÊ NSOR)

*6*

*^7

*8

*TOWE^R *SIDE *S^WITCH

*GAP *BETWEE^N *ROLL *CHANGES

*DOUBTFUL *D^ATA

*DATA *^M^ESSING

MISCELLANEOUS

ADDITION̂ AL Î NFÔ R̂ MATION

.Pen not in̂ kî nĝ , chart p^aper ̂ ĵ â mmed̂ ,̂
chart drive stoppages^, etc.

Trace droppi^ng to ̂ zero^,^
intermittent sensor.

Causî n̂ g an OBVIOUS JUMP in trace
(M̂ ay or ̂ may not re^quire correction)

Uncertain a^bout zero, spikes
*vhic^h may or may not be good,
CROSSOVER not operating prope^rly,
etc. ;

Usually a ̂ short skip during h^our
^with no apparent *t^itne lost*.

^R^e^quires an explanation on
'̂ LÔ G SĤ EET.



*Jo^b *^# *06913 *• *^&*^

*. *Cape *Kennedy *(12868)

*Ins^tructions *for *^Wind *Cards *and *Listin^gs

*I. *(A) *^' *S-2 *and/or *LARR *V *cards *(BY *CO^MPLETE *MO^NTHS) *go *to^. *Hank *Stauffer
*for *conversion *and *1st *listing. *(O^NE *COPY) *This *listing *is *BY
*LEVEL *and *^vili *sho^w *ERROR *SYMBO^LS.

*^NOTE: *. *^Remind *Han^k *to *make *D^UPLICATE *and *SE^QU^E^NCE *c^heck.

*(B) *Q. *C. *for *1st *LISTI^NG

*(1) *^-Check *all *ERROR *SYMBOLS *(See *sheet *^vith *e^x^planations *of. *s^y^m^bols).
*(^2) *Check *t^i^mes *on *^DAI^LIES *agai^nst *listing *(Check *rolls *if *necessary)
*(3) *Punch *correction^s. *' *•

 *:*

*File *corrections.

*NOTE; *OR^DE^R *O^F *CARDS *FOR *1st *LISTI^NG:

*-Col^s *. *11^-^1^2 *'13-^З^Л *1^5^

*YR. *^MO. *DAY^- *H^E. *LEVEL

01
01
01

00
01
02

1
1
1 etc.

*II. *(A) *AFTER *CORR^ECTIONS *A^RE *COMPLETED^/ *cards *^'(BY *CO^MPLETE *^MO^NTH) *^.go *^]^to
*Ra^y *Clark *for *2nd *Listin^g *(BY *HOUR) *. *. *^i

 *:

*(1) *Cards *^will *Ъе *sorted *in *the *follo^w^ing *order

*Cols. *1^1-12 *13-1^^ *1^5^

*. *YR. *MO. *DAY *HR. *• *LEVEL

*01 *00 *1*

*01 *00 *2*
*01 *00 *3 *^etc.

*(2) *MA^KE *(3) *copies *of *listing.
*(a) *Start *ne^w *page *for *each *month.

*(3) *BOOK *^- *^by *^month.
*^/

*Q. *C. *^for *2n^d *LISTING:
*/. *C^H^C^C^t'^i *^Ç^s^t^fi^J *^C^c^u^^^-r *, *.

*^Z *^£^r) *' *Check *TO^WER *SIDE. *(Should *be *the *same *for *all *le^vels *for
*^the *sa^me *hour) *. *' *. *'

*^3 *^(•^?) *' *^Check- *JU^MP- *SHEETS *for *-trou^ble-spots^-. *С^'!^?^*^-^* *^7^>^r.li^.^i^Ç^±
*(^3^) *^6heck— *Lo^g^-Sheets- *from^-^'station *^-and^- *Missin^g- *and^— *Erroneous^—^Da-t^a^

*b^og^-^Shee^ts^-, *for^- *info^r^mation-- *concernin^g *-dou^bt^f^ul^-^data-,

*^e *^9)



*C^heck *^-^ME^A^N *directi^on *^and *MEAN *speed *level *to *le^vel, *^f^a *^R *^C^?^/^-^i^f^>^L^~r^£^
*I^f *necessary^, *chec^k *rolls *./^/^^^7^; *^Z^b^^r^/^v^i *^£^£^a^v^: *^u^'.^v^Q *^Q^^'^c^:^>'ii^^^D^s^4!^j^rf^ï

*^1 *^(^è^) *DOCU^M^E^N^T *any *ad^justments *^ve *make *to *t^he *data.
*^g *(^^ *Pu^nch *corrections *.
*O^t *(^-8^) *If *too *^m^any *corrections *to *hand *file *^-. *have *^Ray *make *a*

*listin^g *of *the *corrections *'and *merge *them *^by *machine.

*^NO^T^E; *If *too *many *corrections *to *correct *the *other *(^2) *copies^, *send
*complete *mo^nth *to *Ray *Clark *for'(3) *^copies *of *2nd *listin^g *to
*include *corrections *.

*1st *COPY *^- *^N^ASA
*2nd *COPY *^- *N^URC

*III *^. *(A) *BY *COMPLETE *.MO^NTHS *TA^KE *TRAY *OF *^WI^ND *CA^RDS *- *file *in *^back *of
*'^-^WINDS *^- *DELTA *"T" *^, *TEMP *and *PRESSU^RE *^. *^Л^Ы *^/^A *<^{-/^<^; */^i/ *^у. *^Ä^-^V/

*^These *cards *no^w *go *to *Dick *^Davis *to *^be *taped.

*(в)
^1
 *BY *MO^NTH(S) *BOOK *^WIND^S *THEN *DELTA *"т"^, *TEMPERATURE *and *PRESSU^RE.

*(C) *SEND *^NASA: *.•

*(1) *THE *TAPE.

*(2) *COPY *O^F *TAPE *DUMP..

*(3) *CO^RRECTED *LISTI^NG *OF *WINDS^, *DELTA *"T", *TEMPERATURE *:*

*and *PRESSURE.

*(^I^)-) *MISSING *and *ERRONEOU^S *DATA *LOGS.
*(ORIGINALS *- *^M^AKE *XERO^X *COPY *FOR *OUR *FILES) *.

*(^5) *SHEETS *WITH *AD^JUSTMENTS *^WE *^MADE.
*(SEND *XEROX *COPY *^- *WE *KEEP *ORIGI^NAL) *.

*(6) *COPY *OF *THE *LETTER *OF *T^RA^NS^MITTAL.

*NOTE: *WE *HOLD *THE *ROLLS *U^NTIL *^MSA *RU^NS^' *THE *TAPE *AI^T^O *G^IVES *O.K. *^- *. *:
*then *^ve *bo^x *rolls. *M^ake *a *list *of *rolls *in *each *bo^x. *X^EROX *(2);
*co^pies *of *the *list. *One *goes *in *each *box, *ve *keep *one *and *one *j *'•

*• *. *goes *vi *th *the *letter *of *transmittai.

*^£ ̂Е^л^е^н *^/^Л^о^«г^Н ̂f^r^- ̂D^ar/^i.



^m
Job *•̂ # 06913

Cape Kennedy (12868)

Win^ds

ER^ROR SYMBOLS SHO^W^N ̂ PI 1st LISTI^NG^-(BY LEVEL̂ )

^* ̂DI^R^ECTION ERROR (WITHIN HOU^R)*.

(l) ̂ MÊ N e^qual to or gre^ater than ME^AN.
- *. ̂: (̂ 2̂ ) MEA^N equal to or greater than M^A^X.

(3) May ̂be due to CROSSOVER.

? SPEED ERROR (WÎ THÎ N HOU^R)*.

(1) Usually HOURLY one^-tenth less than TEN MI^NUTE ̂ M^AX.
- *• (2) MEN e^qual to or greater than MEAN.

*, *^' ̂(3) MEA^N equal to or greater than MAX.

*< TWO HOURLY ̂F^A^X SPEEDS equal ̂DAILY MAX SPEED.

*' (Check typer sheets for maximum nu^mber of cou^nts ̂ - ̂ drop the one
*^vith least number of counts by one^-tenth.)

*•^# ̂(1) ̂NO HOU^RLY-^MAX SPEED *^= DAILY.
(2) DAILY pic^ked *^vit^h one or more *HOURLIES missing.
(3) O^NE or more *HOURLIES greater than DAILY.

*(Usua^,lly 00 ̂H^E. higher due to MAX occurrin^g befor^e midnight ̂ -^
CHECK 0000 - 00̂ 30 for MAX on follô wî n̂ g day.)

*^?^Ш Î MPOSSIBLE SPEED (USUALLY machine reset at ̂ - 9999 or operator did not̂ ;̂
ẑero out) *. *• *•'•'••̂ ' *̂ •

*•^* С Î MPOSSIBLE DIRECTION (MÎ NUS ̂ value less than 999 - operator did ̂n^o^t *.*
zero out or ̂ machine reset at - 9999)*•

NOTE; CHECK TIMES on DAILIES against listing.

THESE ERROR SY^MBOLS ̂ may or may not denotê ' an error but should be checked*.
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