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Abstract

This paper introduces the methodology for calculating the sum of N terms of an arithmetic series
with practical examples. The concept of the double-center spiral is introduced again to determine
the length and diameter of a spiral heat exchanger and other plate coils as well. A related topic, the
drawing and its calculation of a four-center spiral, is also presented.
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1. FEHFE N B

BiERHERAR N R, —Sihg R A AR . R, R, B RS EAA
REVERATI . AHEN, ERECFBF N ARG K. 52580 F, JATAPE CF. Gauss
7E 1786 ERILM “Hi n WA HHH 7%, SECEEA R SRR n A SR NN, R
FEARATTH 5 A 2 ek TREW, Rk, 4 N W n, BT N?

[ 1) Z&2%51 6, 10, 14, --§i JLIAIAIE 1207

fB: LRI E e =6, A%2d=10-6=4, ¥ “BinTif" S, =120, WIS “A
n i A, 14

n(n-1)
6n+ 5 x4 =120

I3 n*+2n-60=0

fi#f3: n =681, n,=-881 (&%)

ne IEE %, 1M n=681, RWITETEE 7. (FXADMERETF 7IAT, B E—HE e
NS, =120, AT n=6%%E2Mic)n, #Ra,, EHFEMAS (n+1)=7MHERE, HE 7 HEEAR
T o

SRR A B ay =S, S, ) B (n+1) WZEIE S &,y MEES

nO = aN/a(n+1) ’ aN = a‘(n+l)r]0
[A] it
Sy =S, +ay :%dn2+[a1—%jn+(a1+nd)n0 @

n={—(2a1—d)+[(2al—d)2+8dsNT2}\(2d) @
X o<n, <1,
RQ)ZFEZHIM N A, A8 N =2 (n, =0) 75 (n, = 0) ABEHHE L.
A B
N =n+n, 3)
HE S, RN, mA@FEH 0, FhXQ)HEH N, N=n+n,.
Afla, =6, d=10-6=4, S, =120, FHILFEE
n={—(2a1—d)+[(2a1—d)2+8dSNT/2}\(2d)=54.481\8=6

a,=a,+(n-1)d=26, a

(n+1

) =@ +nd =30

S,=(a,+a,)n/2=96, a, =S, -S, =120-96 =24
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Ny =ay/a,,, =24/30=038
N=n+n,=6.8

HZEHH 6, 10, 14, -+ 6.80 TWAZ 120.

HuifF 52 a, a,, a;, -, a,, - RABFEELY, H—EWEHES . WiFr R RE a, 5
R AT, AHANERE, Bk, il R 5™ 8 DI g5 45 Ry, X RER R A e A e B,
W “Hr n TR

S, =(a,+a,)n/2=dn’/2+(a,-d/2)n
T5L

n:{—(Zai—d)+[(2a1—d)2+8dSnT2}/(2d)

KA < %R, S, BT n HUAL, ay B, a U, d A%

WA SRR R TR 42 FNTE a, 205, RS RIS REOR, R AR ANOT a,, FI6)
XA A, 8y, 8, -, 8y, 8y - ARBAEERS], KHIGLRT a, FREILES, Fit, %
BIG TR S, =S, +ay «

WO KT S, FOHET7 v, HITHN =n+n,, AOGER T UOBEHE, HE T 0ok it
5. AN ay =8N BAREREL, RE—BL (B85 T 200 % 4TS K & TR 05y
W, A MR T AR 0

2. BLERLZ

i 44 BB, RUCBZE A AN O, 5 O, Migiesk (14 1), 00,0, =t/2.. B 5HEIBL
B, ZROET A O BRERINA, 0,0=00, =t/4 . SULIZLAE FHel 50 401, RERH
SRREOM GG XA, WS R T . BRI, FESERR AR, FRATEH WX R e 21X KAtk —
W o R LA TEAR RN AT 23y 2, — SR TR TR PR A , g e s A A S LARAR 25, HAREN 6
t=05; P —FRERIAE PG, WIEER IR AR, WA by M1 by, t=b +b,+25 . BT AL
AREHERTH ARG MK E S EA, 11045 EHHEE SUOIR X M S M - H vk, RADBE, FNER
WG RERAL, R IR A R T A B

BERLBLL 186 559 Mo, LL O, IR 0 WG I 1A% 9 iy, L Oy AR 085 AL ELA% 4 (d, +1)
L O AL ZAEHEAA N (d, +2t) , AECAERINEAZ RN t B4R, BLh WA, &L
SREEN 1 EDRE |’ — N BLL N E B, A2 d =xt/2 B 25051

L =nd,/2, |, =n(d, +t)/2, ly=mn(d,+2t)/2, -, |, =n[d, +(n-1)t]/2, I, =n(d,+nt)n,/2

MO IR e R RIS H KT S =S, +a, iFH L, 17

L:%nmz+g[dl_éjn+g(dl+nt)no (4)
n :{_(o|l_t/2)+[(o|1—t/2)2 +4tL/n]M}\t 5)

X o<n, <1,
H B4R R AR A ROV E I, t/2 NAZE N ZES:
R =d;/2, R, =d,/2+t/2, Ry=d,/2+t, -+, R =d;/2+(n-1)t/2.
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Figure 1. Double-center spiral
B 1 MLiEL
2 M HREEC N, SLFTERIEAE R =R, = d /2402, fEAMO,O ', OM=r, 0,0=t/4,
MO, =R, ZMO,O=mn,.
RO IRE IMAT, AR AR 9% B A

t) Rt
r= \/RZ +[Zj —TCos(nnO) (6)
n=(r-r)\(t/2) ()
Hpr ZUEsAE, r=d,/2+t/4, 0<n,<1.

SERIL RN, A ERE)RME T n, HiliR@)sE)EHn, . AN =nin,, IHE

ot LIRS iR 1, BB
L6 2] BULRLR K L=2155m, d, =0.1146m, t=0.0181m, iFEIRLHIREEN, WEr fl

IRLEEHAE D
B WOMBLEKF L=1155m, d, =0.1146m, t=0.0181m, HANX(5):

n= {—(d1 ~t/2)+|(d, - /2 +4tL/nT/2}\t ~0.088810.0181 = 4

BLn=4fAAR@)FE: n,=0.9
N=n+n,=49.

K EPERIERE R =d, /2+nt/2=0.0935m , ##f%

, (tY Rt
r=,/R*+|=| ——cos(nn,) =0.09781m .
4 2 0

BB LA AR 4 M MO HE A28 5 3 — PR 5 2 1 E GBI T, %05 — S A 2 A
SN Ny U, SRR D =141,

2 Ryt
Ry =di/2+(n-1)t/2=0.08445 m r(Nl)=\/RfN1)+(lj - (“2’1’ cos(mn, ) = 0.08876 m
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D=r+r,, =0.09781+0.08876 = 0.18657 m .

3. WRBEMIRIAES

%ii L\ Rosemblad 7E 1930 44 H MR HE AR e A 2R IO S5 44, B0/ B B B2 & IR A i e Fr) A AR I
WM, A P4k 8 FE(BRIAIEE) A by A by AR HEIEIE, A H AR B IBIE P sh i, & 5 w20t B
FAT Z B3 0B % o R TE AR 00 A8 2 25 22 B RO R R 28 1 I8 FH 52491

FEREHEM AR (4] 2)h, BRZRAHE LR EARZE t = (b +b, +25), BRJEIEE PB4 5 BAE
d,, =d,, +b +25, H(4)FHIEIEEEKE

L:%ntnz+g(dfl—%Jn+g(d,l+nt)n0 8)
n={—(df1—t/2)+[(d“—t/2)z+4tL/nT2}\t ©

MEA LR NG, EamROFEE n, HHEAG)HH N, N=n+n.

WEHERR 2 B S PN [ B AR doys BRI AR SSARAR 1y = d,, /2-t/4, DEBEA by (RIEIE 5 b2 B A A A
W BRBEN L IR EAR dy, =dy, +b —b, s RANIEERAR r, =dy, /2-t/4, BEEDN by [EIE S
[ A A

BEHERR 1, 2 MR E AN d = d, + SR d, =dy, +6 5 28 PR BN r BT e K dy AR
BB E AR (4), EFBHRMRETER 1, 2 KA.

WR BRI P £ N ELARBEAR P N 2D 1 e

N, =N-+1 (10)
WE AR 0 FA S 1 AME 25 T BT MR ERR A4 OB AR 2 A
D, =(r+6/2)+(r,+6/2)=r+1,+5 (11)
R XU R LR (AR A% A S(6) PR 1, 2 & HIRRAR
t) Rt
I, = \/Rf J{Z} —%cos(nno) (12)
HA R =dy,/2+nt/2+5/2
, (tY Ryt
r, = \/R2 +(Zj —7cos(nn0) (13)
KR, =d,, /2+nt/2+5/2
N=[D, — (I +1y)—25 |\t (14)

LU D, KN, HeHA@A4)EE n, BHRA)~A3)FEn,, N=n+n,.
[ 31 MME TR AR 6 FA28 I A% F0 T+ A BB e B E K L =26.61m , WRTEAR ¥ /E & 5 =0.0045 m , J@iE
Wb =b,=0.014m, BEEMRMVIENZE D, =dy, =03 m . TFEIZHER K L AR sME Dyo
fi#: t=2(b+6)=0.037m, HEYIREIED, =d, +b +25=0.323m, L=2661m.

n= {—(df1 —t/2)+[(df1 —t/2)° +4tL/nT/2}\t =23

ESAAR ORI b, SRR A =AM, PR R R TR R, IR A AR R R A A 2 N N, =AM
2 R L A (nno) AARSE . 1R DLRTI SCRRE AR no ARSEIF I TSR EHR Y, DI EIE, RERERM.



AEEERA ) N IR K2 H 8

TN Mo

e

“:14 Plate 2

Figure 2. Calculation diagram of the SHEs
[ 2. SRR AR T R E

H1(8)\

1 T t T
L = Zntnz +E(dfl _Ejn+5(dfl + nt)no
#%: n,=0.1281.

Wi I e 4 N = 23.1281 .

BEERE N, = N +1=24.1281.

BEHEAR 1 FIVIMREAE d, =d,, +5=0.3045m, t=0.037m, H(4)X

L= %ntn2 +g(d1 —%jn +g(dl +nt)n,
RN K L =27.76 m .

TR £ ST AR [ I 42
R =d,,/2+nt/2+5/2=0.59625 m

h(12)XfF: = \/Rf +GJ —%cos(nno) =0.58775m

H(11) e #HAEEIMED, =2 +5=118m.,
4. PilERE

VO LR AT HER AR LL 1 = a6 = 1) + SO/(2m) (ZSANINLR, & B VR AR R A% sl A B0 ST AT
FOIRL A LI R IIFIRAL TR, DO IRZ 2 BRI HIGE R L, & 4 A EOA— MR A
O, I 4 AN R LAKE 5 O i IE 5 T ABCD, BRZR UG AR A 1y o DUCoRRLR i T LA im0 4 T

P EEEHZT O iiEL X MY, 41l 3 fror. B O syt R Ky S/4 I IEJ5 % ABCD,
AD 5 AB iUl 5 EE Y A X AT m Flm, o 7 X EHUS Mg, 8 OM, =1, .

PLA KA, Mo AR, AM, =R AEFZEIIL Y T My;
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PLB AL, My AR, BM, =R, AEZEIIIAE X T My;

PLC AL, My AR, CM, =R, AFREINA Y F Ms;

PLD MBI, Mg N8RS, DM, =R, NEAEINZ X T My;

ML A AR, MgRtESR, AM, = RONEARE -, W EEE K, ([F323]—%wE 4 frs 11
fIPY CHIRZE

FETRE L, DOCoBRZR A PT LA SR TR A e A 25, B BERR I BEEI N = N +2, N gl e 18 B,
HRIRIMED, =1 +1,+8 , 1o Al rp N BRI A

VUL MRZR (A BEFIRR AT R v SR A, R 2 BPI I & ORI 5 AR5 e B, (H LU U R T B
U —1k,

WYL IRZR IR f Mo 2T — Bl (2 IINEE) A6 5 M, T8 (¥ B2 EE B9 IR 2R R S, FRPElIRZR i 4 Br IRl 9N 4
B FEBRINKEC AN e, WANE, 0, =1/2.

RZE BRI s AR A, TEEA ML 2AMM, 5 AAmM; i,

+AM, =AM, =R, Am, =Am, =S/8, ZAm,M, = ZAmM, = /2

S/4
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& 5

=

2]
&_/

Figure 3. 4-center spiral
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Figure 4. Error assessment of mainstream formula
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S AAmM, = AAm M,
~Mm =Mym, =r,+5/8
2 2 0.5
“R=[(r+5/8) +(5/8)° ]
ZMO=Mm, +mO=(r,+S/8)+S/8=r,+S/4
M0 N E BUIA 5 My IIRRAR, B2 55 Bt MM, 9UE 5 My IIARAR r, =1, +S/4 o IthaRE, 5=

BRI S DU Beah s Mo I Mg B A2 K 1y =1y +2S/4 Flry, =1, +3S/4, ...

BB AN /2 . i M IES AD I TATINEE, HLEZM BA SEK LML T a
= ZAMym, = ZAM;m, = ZM,Aa
5 ZM,AM, + ZM A = /2

0o = ZMAM, = 1—(£Zm,AM, + ZM,Aa) = /2
B, 2 Bl BRI O @ = /2 o K EIRIAGNBIT IR ZGINS KUK R4 Lo
M LHTLVE, BRI stk AR, #lka, =1, d=S/415EHT
% n BRI itk AR

Ty = o +(n-1)S/4 (15)

{EAER IR ZAAE, AREMEEZLS . 5 n BRI 42

Table 1. Relationship between arc and points of 4-center spiral

L RIS SRR R

B ETEZ =Y WAz 4% R GISN|
UGESY Mo fo
2 2 0.5
5 1 B RI:[(r0+S/8) +(S/8)} |, =R /2
L2}
ﬁé‘ﬁ Ml I’m:ru+5/4
2 2705
%2 Bl R, = (1, +35/8) +(S/8)'| l,=7R, /2
2
P M. r,=r,+25/4
% 3 B R =[ (5, +55/8)' +(5/8) ZTE li=nRy/2
2 41 M r,=r +35/4
e M-y oy =ho +(n-1)8/4
8 n Bl R, ={[r+(2n-1)s/8] +(s/8) ] I, =R /2
%
M, r,=r+nS/4
&
= A
=
= 2% N
% “; Rin+1| Iy = TER(M)FIO/Z
pn s fER R
% ® M r,
S
F2 gy M(n+1) Moy = +(n +1)S/4 I(n+l) = nR(nﬂ)/z

s
x:

R =|[n+(2n+1)5/8] +(3/8) .
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R, = [(ro(nfl) n s/s)2 +(S/8)2T5

(16)
~{[%+(2n-1)8/8] +(s/8) }
RLtE, DY CHRER I n BRI FE AN
e ST (sY
L, _Eg\/[ro +(2n—1)§} +(§J (17)
WIS M S, =S, +a, » FIUOIRL K
L, =L, +Ij (18)
N BRI
ey {[r01 +(2n+1)S /8] +(5/8) } n /2 (19)
R LR B
N =n+n, (20)

Horbn 8%, 0<n, <1.

VU Lo MR AT % BRI AR FORAT: 1, REAG BGEE ZH0, T&% BURIINP A2 R ASRET s 2405, 100
BRI Ly S ARAT)HH . SO L GRNE, BT L <Ly <L, , BBEA DRI Mn,, S
Excel HLFRAEHH A1) L, A n, FLLA7)(18)RHH n, -

FE “POLIREINS SR RE” b, TUOERZE R M RIS 1y - FER M, M, 2331l 55 [ O AR s e
B A ST, LKy 2°°518, MAt ry B AL [ r(ng +ny,)/2] 0 BEARAR v, X A
DR (tny, /2) » TUCIRL S M IR AR

2 J2R,..,S
\/R(Znﬂ) (%Sj _ ;n+1) COS(nO ';non TEJ (21)
2
RZ \/E S 2
n ) *| g 2| o
cos( on j =4 (22)
2 \/_R n+l

At ang /2 HELCS, rads (ang, /2) NELOAS, rad
XML FIDY O R H 2 ] FEKATIRLE 1+ = a0 MR 2R, BTHOKAEIRLR 1A% r = a0 = S6/(2n) .

BT K AR K L——j\/1+02d0_ [ OJ0% + 1+In(01+1/012+1)—00 92 +1—|n(90+,/49§ +1)} .
5. ERAREHIUTHEIRE
FiR a2 RS LE, iﬁﬁ?ﬂﬂ%ﬂﬁiﬁﬂﬁ%ﬂ%E’Ji?ﬁﬁ*ﬁ?ﬁ%m%%fhﬁﬁﬁ/\ﬁ BT A AT

DU HERRI ST TN, I 7SR N AN, MR I3E 8 Al A, Hg T
@ HAZEE UG EASRE RT3 i 8 1 Pl £ [1]-[6]

_(do +b1;b2j+\/(do +b1;b2J2 +%(bl+b2 +2tg)

b, +b, + 2t

N =
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PRI S AR A
Do =do+(b +t5 )+ N (b +b, +2t5)

Hird,=d,,, t,=6-
B AKX BN HEAGE, i H P E A T E 2R .
@ HEFZEFLAT][8] “Hi n BUH” A, S H g emiE K E AR

T
L:EN[N(b+5)+5+d]
FEAE A N TRl Py AR (R s A7)
Dg =d +(b+68)+2N(b+5)

Hfd=d,, b=b=b,.
© L[ % Minton [O]R FH IR HEAR (1 5 B #ETH HHa K41

D, =15.36L(d,, +d,, +2p)+C? (¥&#I)

HI 5| H 2 22 3

D, = \L28tL, +d}, (4f)
Hrf CXRLdy, » t AR (dg +dg +2P), L AR Lpe
@ EMBAEEL0]LL “AF n T A, FHARE n BERER S KA
l, = (2zr, —nb)n+ 2bn’
I AL n i LA AR
D,=d+2nb+¢5
RN AL HE L, FLIB AR A B 2 02
l, = (2ar, —ab)n/2+nbn?/2
bn? +(d —b)n—2l,/x =0

n= {—(d ~b)+[(d-b) +8b|0/n}05}/(2b)

HehERIME Do Y 22
D, =d+(2n-1)b+6
by “g IR B P AR, b=t/2, d=2n=dy+0
® EIEAE, K5 HOIIREEE B O 81 P 8 [11]-[13]

[blzbz_dl}\/(dl—bl;szz +%(b1 +b, +25)
b, +b, +26

N, =

KAt BRI I IME D
R AR 24 B P AR T V2 20 5 P BB AR A P T VR 1 AT I
D, =(d, —b, + &)+ Ng (b, +hb, +26)
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2R TR 2% i ) AT VR 20 45 o B 1) T v 2 e LN
# N, —1.5 NE5

D, :\/K%+5j+ No ;0.5(b2 +8)+ Ne ;1'5(b1 +5)} -

d . 1. :
[l 4

# Ny —1.5 A%k

D, = \/H%+5j+ No ;0'5(b1+b2 +25)} -

Hbd =dy -

FERX 12K 8 M, MR sCEUEEmy 2 R MELL A CAIK, A BEIE I Sl it 5IF LMz 2 72 AD
TERCEL, A REdTE

UL (4] 3] IRFEMI AR TS OB OIRA T RE, S IR s A AR
N =230,231 232, -, 240 (UKL L FIE N, =24.0, 24.1, 24.2, -+, 25.0 IR BEAIC L Ly LR A S (O A
RLAME 2(r +5/2) -

RIELED. @. @ OMEGPELTAT)R AR L 2 L 5 AN SME D, SMEZ 2
AD =2(1,+65/2)-D, -

WLMRELTTFERNIX 5 KA LA Excel HL T FA% THEOIFE K i TSR @R ARKIRZE AD KK (424.57444.9
mm), #URF, RN 4 FoRe 4 ki Hrhihgi 2 54 Ha, #idk 1, 2, 3, 4, 5 0B O,
@, @, @(FH), OPNELTAT)RAXIIRE, HL—H TR, AHER.

6. &RIE

SEZEHBN 35 TR X0 R 2 5 RE A G AR BEAR e IR A T Sk, R B A AR N1 T A 4
ffigiR. Dyt Jn NE R RATHIE R, Sl oA 5%, B e 2 ErE iR b, sl 141 2 840
IR A A s SRR e SR AR DGR 35 g N o] 3 SALLAR) g P9 2%

B oW
HA 1999 R (HL-F3E) 248 “ IR HAS MBI B2 Ju IR RERIRA LK,

RANEERERIIE DGR A TS, 58] 7 T2, R0, RE, FEMEEESERA
WIACIE B, A2 L — IF B AR R ot !
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